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}Title of the Invention

LIQUID CRYSTAL.DISPLAX APPARATUS
Béckground of the Invention

(1) Field of the Invention:
' The present invention relates to a thin film
transistor type liquid crystal display apparatus

{hereinafter called TFT-LCD).

(2) Description of the Prior Art:
A method of liquid crystal display using a pair of
comb-like electrodes is disclosed in PCT W091/10936 as one

of the methods wherein an electric field is applied to

. liquid crystal molecules in a direction approximately

parallel to a boundary plane of the substrate (In-plane
switching method) . Liquid crystal display device using 5
combinatipn of the in-piane switching method and the thin
film transistor are disclosed in JP-B-63-21907 (1988), JP-
A-6-160878 (1994), etc.

The in-plane switching method (parallel field;}
switching mode) has a wide viewing angle, no inverse of
gray scales, no dedreasé in contrast, and no deterioration of
hue, because the liquid crystal mdleéules do not risé from
a. boundary plane of the substrate. Hoﬁever, the in-plane

switching method has not been used in practical by the

' following reason;
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In using the in-plane switching method, a pixel must
be divided into, for instance, two or four subpixels via
linear electrodes in order to apply an effective electric
field to the liquid crystal molecules. In this case, because
of new addition of plural linear electrodes which are not
existing in a method of liquid crystal display wherein an
electric field is applied vertically to the boundary plane
of the substrate (verticai field switching mode), a ratio
of an effgctive area of transmitting light decreases
remarkably in comparison with the type wherein the electric
field is applied vertically to the boundary plane of the
substrate. Accordingly, if a same back light is used, the
in-plane switching type display becomes darker than the
vertical field switching mode display, and it is necessary
to increase an intensity of the back light if the same
brightness is maintained. Therefore, power consumption of
the in-plane switching' type display increases remarkably.
| In the in-plane switching method, the liquid crystal
structure (chafadteristics of the liquid crystal material,
thickness of the liquid crystal layer, orientation of the |
liquid crystal molecules, location of polarizers, etc.) and
the electrode structure (shapes of pixel portion,

conductive material of wiring, semiconductor material,

insulating material, etc.) must be changed significantly at

a same time. Furthermore, the'liquid crystal structure and
the electrode structure has a close relationship such as

that if one of the structures is changed, another structure
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of optimum state must be changed, and respective one of the
structures can not be treated as a black box like the
vertical electric field method. Additionally, in accordance
with remafkéble changes of the_liquid crystal structure and
the electrode structure, some portions which compose the
pixel portions and the peripheral portions change
remarkably in their electrical circuit constants.
Therefore, a driving method must be determined in
consideration of the typical circuit characteristics of the
in-plane switching method. That means, all of the liquid
cfystal structure, the electrode structure, and the driving

circuit are related mutually, no one can be regarded as a

black box, and the above relétionship makes designing of

the in-plane switching method complex and difficult.
Summar& of the Invention

(1) Objects of the Invention:

.Object of the present invention is to provide an
optimum combination of the liquid crystal structure, the
electrode structure, and the driving method in order to
obtain a -TFT-LCD of the in-plane switching method having a
wide viewing angle, a high contrast ratio, liquid.crystal
panels of ﬁigh transmittance, preferable illumination, and

low power consumption.

(2) Methods for solving the Problem:
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The liquid crystal display device relating to the

present invention comprises a pair of substrates, plurality

of signal wiring electrodes and scanning wiring electrodes
formed on the substrates, and a liquid crystal composition
layer interposed between the pair of substrates, wherein
plurality of the signal wiring electrodes and the scanning
wiring electrodes'form plurality of pixels by intercrossing
like a matrix. In the pixel, active elements for switching
on-off of pixel electrodes in the pixel are formed, and
when the active element is turned on, an electric field is
supplied between the pixel electrode and a reference
electrode (for example, a common electrode) approximatgly
in parallel to the substrate plane. A scanning wiring
electrode driving circuit for supplying scanning signal
having at least two values of nonjselécted voltage is
connected to the scanning wiring;electrode, and a signal
wiring electrode driving circuit for supplying image signal
is connecfed-to the signal wiring electrode.

-The liquid crystal composition layer and polarizing
means are set so that the contrast ratio perpendicular to the
substrate is to be at least iO, ahd illumination
transmittance is to be at least 15 %, and the pixel
electrode and the reference electrode desirably extend in a
first difection which is parallel to the signal wiring
electrode in a pixel.

Because the electrodes are composed so that an

electric field in parallel to the substrate plane is supplied
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to the liquid crystal composition, a wide viewing angle can
be obtained. The contrast ratio and illumination
transmittance are increased by combining the liquid crystal
composition.layer and the polarizing means as the liquid
crystal structure. A high aperture ratio can be obtained by
extending respective of the pixel electrode and the
reference electrode in the first direction which is
parallel to the signal wiring electrode in a pixel, and
image quality failure such as smear can be suppressed even
with electrode structure of -the high aperture ratio by
connecting the scanning wiring electrode to the scanning
wiring electrode driving circuit which supplies the scanning
signal having at least two values of non-selected voltage.

Furthermore, the non-selected voltage of the scanning
signal which is supplied to the scanning wiring electrode
desirably changes in all lines with a same frequency and a
same phase. And synchronizing with the above change, a_
voltage waveform which changes with a same frequency and a
same.phase is desirably éupplied to the common electrode
during all through the period and to the pixel elecﬁrode in
the non-selected period. The amplitude of the non-selected
voltage of the scanning signal which is supplied to the
scanning wiring electrode, the voltage supplied to the common
electrode all through the period, and the voltage supplied |
to the pixel electrode during the non-selected period are
desirably approximately same. In a pixel among the pixels,

an interval D between the pixel electrode and the adjacent
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reference electrode is desirably larger than 1/3 of any of
the widths W,, W, of said pixel electrode and said reference
electrode. Dielectric anisotropy of the liquid crystal
composition.layer is positive, and an angle |¢m=l formed by
intercrossing the orientation direction of the liquid
crystal molecules on at least one of substrate planes with
the direction of the electric field is desirably in a range

at least 45 degrees and less than 90 degrees. However, a

. condition, -90 degrees éq:mé 90 degrees, must be satisfied.

Regarding to the orienfation in the liquid crystal
composition layer, the angle of the orientation direction
of the liquid crystal molecules on the one of substrate
planes, ¢,.,, and the angle of the orientation direction of
the liquid crystal meolecules on the another one of subsfrate
planes, ¢,,, are approximately parallel ( ¢,,,=®..,) each
other, and a praduct, dAn, of thickness d of the liquid
crystal composition 1ayer~and the anisbtropy of refractive
index, An, is desirably in a range between 0.21 pm and
0.36 pm.

Definitions of an angle, ¢,, which is formed by
polarizing transmittance axis with the electric field
directioﬁ, an angle, ¢,., which is formed by the direction
of longitudinal axis of the liquid crystal molecules (the”
optical axis) in the vicinity of the boundary plane with
the electric field direction, and an angle, ¢,, which is

formed by the leading phase axis of the retardation film
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inserted between the pair of the polarizers with the
electric field direction are indicated respectively in FIG.
6. Respective of the polarizers and the liquid crystal
boundary plénes form a pair by the one at an upper position
and the other at a lower position, and if necessary, they
are expressed.respectively as Opr Cpor Proyr Prcae

FIG. 1 (a) and FIG. 1 (b) indicate respectively a
cross sectional view illustrating schematically an
operation of the liquid crystal molecules-in the liquid
crystal panel of the present invention, and FIG. 1 (¢) and
FIG. 1 (d) indicate respectively an elevational view of the
same. In accordance with the present invention, a plurality
of pixels are formed by composing a stripe-like electrode,
but the above figures indiéate only a part of the pixel. A
schematic cross sectional view of a cell when no voltage is
charged is'shown in FIG. 1 (a), and a schematic elevational
view of the same is shown in FIG. 1 (c). Linear electrodes
l, 2 are formed at inner planes of a pair of transparent
substrates, and an orientation control film 4 is aﬁplied
and tfeated for orientation thepeon. A liquid crystal
composition is interposed Eetween the pair of the-
transparent substrates. The rod-like liquid crystal
molecule 5 is oriented so as to have an angle in a range of
to 45 degrees = | ¢, | < 90 degrees a direction of the
longitudinal axis of the electrodes 1, 2 when no voltage is
charged. Here, an example is explained by taking a case when

the directions of the liquid crystal molecules orientation
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at the upper boundary plane and the lower boundary plane
are in parallel, that is ¢,,= ¢,,. In this case, the
dielectric anisotropy of the liquid crystal composition is
assumed as hositive.

When an electric field 7 is supplied, the liquid
crystal molecules change their direction in accordance with
the electric field as shown in FIG. 1 (b) and FIG. 1 (d).
Transmittance of light can be changed with sgpplying an
electric field by arranging a polarizer 6 in a direction 9 of
the polarizing axis of the polarizer. In accordance with
the present inventién, a display giving contrast becomes
possible with no existence of transpareﬁt electrodes as
explained above. In the present invention, the case when
the angle is equal to or less than 45 degrees is generally
called as an in-plane switching mode. In FIG. 1, the .

electrodes 1, 2 are formed on a same substrate. However,

upper and the lower substrates without any change in their

advantages. In conéideration of the cases when wiring in a
pattern becomes finer than ever, and various deformation
occur by heat, external force, etc., the electrodés are
preferably formed on a same substrate because more.precise
alignment becomes possible than the other case wherein the
electrodes are réspectively'formed on each of the
substrates. The dielectric anisotropy of the liquid crystal %
composition is assumed as positive, but if it may be

negative, it does not cause any problem. In the case of
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negative, the initial orientation condition is arranged so
as to have an angle |¢,. |, (that is 0 degree < | ¢, | = 45
degrees) in a direction vertical to the longitudinal axis
of the élecfrodes 1, 2 (the direction of the electric field
7)f In accordance with a diéplay mode of the present
invention, the longitudinal axis of the liquid crystal
molecule is always approximately in parallel to the
substrate, and no rise. Therefore, variation in brightness
is small when the viewing angle is changed.

As for a practical composition to give the contrast,
there are two modes. The one is a mode wherein the
orientation of thé liquid crystal molecules at the upper
and the lower substrates are approximately in parallel (it
is called a birefringence mode, because interference colors
by the birefringence phase difference are utilizéd), and
another is a mode wherein the orientation direction of the
liquid crystal mblecules at the upper and the lower
substrateé are intercrossed and the molecular arrangement
in the cell is twisted (it is calied a rotatory
poiarization mode, because the rotatory polarization,
wherein the polarizing plane rotates in the liquid crystal
composition laver, is utilized).

Generally, transmittance of light, T/T,, is expressed
by the following equation when a monoaxial birefringence
medium is interposed between two polarizers which are
arranged so as to intercrosé'perpendicularly;

T/Ty = (sin (2X..) )% (sin(nd_. An/X))? ...(1)
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Where,

Xeee: A direction of an effective optical axis (an
angle formed by the optical axis with the transmittance
axis of the polarized light) of the liquid crystal
composition layer,

d..: An effective thickness of the liquid crystal
composition layer having birefringence,

An: A refractive index.anisot;opy, and

A: A wavelength of light.

In the equation, the direction of the effective
optical axis of the.liquid crystal composition layer is
used aiming at treating the liquid crystal molecules by an
apparent value assuming an uniform condition having an
average value, in consideration that the liquid crystal
molecules are fixed on the boundary plane in the actual

cell, and when an electric field is applied, all of the

liquid crystal molecules in the cell are not oriented
parallel nor uniformly. The orientation is deformed,
especially a large deformation is caused in the wvicinity of
the boundary plane.

In order to obtain a negative contrast display, which
performs a dark state by applying a low voltage VvV, and a
bright state by applving a high voltage V,, for inétance,
polarizers must be arranged so that a transmittance axis
(or an absorbing axis) of one of’the polarizers is arranged
in approximately parallel to the orientation direction

(rubbing direction) of the liquid crystal molecules, that
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means ¢,, = ¢y, = O,,, and the transmittance axis of another
one of the polarizers is arranged perpendicularly to the
above other transmittance axis, that means ¢,,= ¢,, + 90
degrees. The dark state having a sufficiently small
transmittance can be readily realized by intercrossing the
two polariZers in right angles. However, the arrangement is
not restricted to the intercrossing in right angles. When
the electric field is not applied, the X, in the equation
(1) is zero, and the transmittance of light T/T, becomes
also zero. On the contrary, when the elecfric field is
applied, the X, value increases in accordance with the
strength of the electric field, and the value becomes the
maximum at 45 degrees. At that time, in order to make the
trensmittence maximum in a colorless condition with an
assumed light wave leﬁgth of 0.555 pm, the d_.-An must be
selected as 0.28 pm, a half of the wave length.
Practically, the d_.°-An can be set in a range from 0.21 to
0.36 pm because there is an allowance, but desirable in a
range from 0.24 to 0.33 um.

-On the other hand, in order to obtain a positive
contrast display, which performs a bright state by applying
a low voitage V. and a dark state by applying a high voltage
Vyz » the polarizers must be arfanged so that the X, in the
equation (1) becomes 45 degrees when the electric field is
not applied or a low eiectric field is applied. When the

e Value decreases in
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accordance with the strength of the electric field
reversely to the case of the negative contrast display.
However, even if the X, value becomes minimum, that is
Zero, not a small amount of light leaks on account of a
residual phase difference of liquid cfystal moleculeé which
are fixed in the vicinity of the boundary plane. In
accordance with experiments performed by the present
inventor, wherein the d-An was set in a range ffom 0.27 to
0.37 ym and an éffective voltage of 3-10 V was applied, it
was revealed that values of the residual phase difference at
the boundary were in a range from 0.02 to 0.06 pm. A
relationship between an actual thickness of the liquid
crystal composition layer d and an effective thickness of
the liquid crystal composition layer d_, is expressed by
the following equation (2); |
Qeee = d-Ry ... (2)

Therefore, the dark state is deepened and a high

contrast ratio can be obtained by inserting a :etardation

film having a birefringence phase difference of

approximately from 0.02 to 0.06 um {(this phasé difference

is expressed as R, in the present specification)iso as to
compensaﬁe the residual phase difference at the boundary.
An angle ¢, pf the leading phase axis of;the retardation

film is set in parallel to the efféctive optical axis X .
of the liquid crystal compositibn layer when a voltage is

applied. In order to deepen the dark state completely, the

‘voltage for displaying the dark state must be adjusted
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exactly with the residual phase difference when the voltage
is applied. As‘explained above, in order to make the deep
dark state and the transmittance and brightness of the
bright state compatible, a relationship expressed by the
following equations must be satisfied;

0.21 pm < (d-An - R) < 0.36 um ce e (3)

And, desirably,

0.23 pm < (d-An - R,)) < 0.33 pm ... (4)

The above explained method is especially effective for
the liquid crystal having negative dielectric anisotropy,

wherein the orientation directions (the directions of the

' optical axis of the liquid crystal molecules) in a sub-

pixel become relatively uniform under a condition when an
electric field is appiiéd.

In accordance with the twisted.nematic (TN) method,
which is one of conventional methods, the high transmittance
and the colorless condition can be obtained when the d-An is
set at approximately 0.50 pym, i.e. a first minimum
condition, as widely well known. In consideration of its

allowance, the d-An must be set in a range from 0.40 to 0.60

pm in the TN method.

In order to eliminate rotatory polarization
completely, the orientation direction of the liquid crystal
in the vicinity of the boundaries of the upper and the
lower substrates must be in parallel, and assuming a case

when a 90 degrees TN mode is used, the liquid crystal
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molecules on the one of the substrates must be rotated by
nearly 90 degrees. In a case when birefringence mode is
used, the rotatory angle of the liquid crystal molecule can
be approximétely 45 degrees, and the threshold voltage in
the birefringence mode becomes lower than that in the TN
mode.

Furthermore, in accordance with the conventional ar;,
it was necéssary to use an orientation film providing a
large declining angle (an angle'formed by the longitudinal
axis of the liquid crystal molecule with the boundary

plane) and to maintain the angle precisely by controlling

the process condition severely. However, in accordance with

the present invention, it is not necessary to use such the
orientation film nor to control the process condition
severely. The role of the declining angle can be expressed
in other words as follows; When an angle ¢, formed by a
direction of an electric field with an initial orientation
direction of the liquid crystal molecule is 90 degrees,
energy for deformation when the angle increases with
increase of the electric field is similar with the energy
for deformation when the angle decreases with increase of
the electric field, and accordingly, both caées of increase
and decrease are compatible, a domain for leaking light is . i
generated at boundary of the above cases, and there is a |
possibility to reduce. the contrast ratio. Therefore, it

becomes possible to make select forcefully either one of

cases to increase or decrease from 90 degrees by setting



10

15

.20

25

15
the angle ¢,, at a shifted angle from 90 degrees
(substantially equal to or smaller than 89.5 degrees,
desirably equal to or smaller than 88 degrees). Instead of
providing the declining angle, the iongitudinal direction
of the liquid crystal molecule (the direction of rubbing)

on the boundary plane of the substrate can be set to a

designated direction which is shifted from 90 degrees to

the direction of the electric field. For simplifying, the
above explanation has been described taking the liquid
crystal having a positive dielectrid anisotropy as an
éxample, but a case when the liquid crystal having a
negative dielectric anisotropy is used, the designated
direction'must be shifted from 0 degree. Especially, when
the dielectric énisotfopy of the liquid crystal composition
is negative, an advantage that generation §f the domain can
be prevented by adequate setting of the rubbing direction
is significant. That means, an angle ¢,. ($,. is defined as
largef than 0 degree) formed by a direction of an electric
field with the direction of the longitudinal axis of the
liquid crystal molecule on the boundary plane of Fhe
substrate must be set more than 0 degree (substantially at
least 0.5 degrees), desirably at ieast 2 degrees.
Generally, control of the declining angle requires
high grade molecular design of the orientation Ffilm and
precise control of the mass production process (such as
application of the orientation film material, hea£

treatment, etc.), and freedom of the usable material is
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restricted. However, in accordance with the present
invention, the role of the declining angle in a vertical
electric field method can be provided by setting an
adequate direction of the rubbing material, and
accordingly, the freedom of seiecting orientation film
material can be increased. For instanée, a flattening film
on a color filter, or a passivation film (partially or
totally) on a thin film transistor is formed of an organic
polymer, and each of the above films can be concurrently
used as an orientation film by surface orientation
treatment such as directly rubbing etc. In accordance with
use of the organic polymer, unevenness on the surface can
be flattened,'and optical leakage accompanied Qith

disturbance of orientation in the vicinity of steps can be

suppressed, and furthermore, an advantage to increase the

contrast ratio can be obtained.

In acéordance_with the in-plane switching method, a
plurality of slender linear electrodes are arranged, and
the liquid crystal is driven by applying an electric
poteptial between the electrodes. In this case, a practical
aperture of at least more than 20 % can be obtained by
arranging all of the linear electrodes in a pi#el in
approximatgly a specified direction (first direction), and
setting an interval L between two adjacent linear
electrodes to be at least 1/3 of width W of the linear
electrode.

Generally, when performing an active drive such as a
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TFT method, it is necessary to store an electric charge in
a liquid crystal element so as to supply a constant voltage
to the liquid crystal continuously for a specifie@ period.

Therefore, in order to extend the voltage holding period, a

‘liquid crystal material having a high specific electric

resistance is used in forming the liquid crystal, and
concurrently, for instance, a design is performed aiming at
forming an auxiliary capacitance element in parallel so as
to increase total stored amount of electric charge. Increase
of total capacity of the liquid crystal element and the
auxiliary capacitance element is also importaﬁt in
improving image quality. That is, the increase of the total
capacity is éffective as a countermeasure for preventing
formation of undesirable and unnecessary circuit eleﬁents
(called as a parasitic capacitance element) in view of
electrodes wiring design. Because, in'accordance with the
increaseé of the total capacity of the liquid crystal
element and the auxiliary capacitance element, the

parasitic capacitance element becomes relatively negligible

In accordance with the vertical electric field method,
respective of the pixel electrode and tﬁe common electrode
has a tran;parent flat structure, and the above electrodes
formed a large parallel flat plate capacitance (in the
present specification, the capacitance formed between the
pixel electrode and the common electrode is expressed as C,.

) by facing each other. Therefore, the capacitance C,, of
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the liquid crystal eiement was relatively large, and the
total capacitance which was large enough for eliminating an
effect of the parasitic capacitance element was obtained if
the capaciténce C; was designed somewhat large. On the
contrary, in accordance with the in-plane switching method,
respective of the pixel electrode and the.common electrode
has a linear structure, and the capacitance Cm“is
remarkably small in comparison with the vertical electric
field method. Furthermore, on account of its linear
structure of the electrodes, the resistance of the circuit
is significantly large in comparison with the vertical
electric field method even if the specific resistance is
same, and accordingly, a fequired condition for the
specific resistance is not severe in view of maintaining
the necessary voltage. That means, the voltage can be
maintained for a long time by combining with the high
resistant circuit without. increasing the capacitance C, of
the auxiliary capacitance element so large. -

.Liquid crystal materials having a resistance at least
10 Q- com is necessary fof the vertical electric field
method, while, 10™ Q- com is sufficient for the in-plane.

switching method. In accordance with the in-plane switching

method, if the small total capacity of C,. + C; can be used

skillfully, reducing the load to the whole panel can be
achieved and making the power consumption of the circuit
small can be realized. The moderate restricting cohdition

for the specific resistance of the liquid crystal broadens
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the freedom for selecting the liquid crystal materials.

Among the parasitic capacitance which caused a problem
in the in-plane switching method, a capacitance (expressed
as C“) formed between the scanning signal electrode (gate’
electrode) and the pixel electrode (source electrode) was
found to be the most serious one. Therefore, a waveform,
which enabled the liquid crystal to maintain a sufficient

voltage in the liquid crystal, to operate sufficiently with

"the auxiliary capacitance element smaller than the vertical

electric field method and to make the parésitic capacitance
negligible, was searched. As a result, it has been revealed
that relative differences of potentials among the scanning

wiring electrode, the reference electrode, and the pixel

electrode can be suppressed to low (approximately zero if the

amplitude is .same) during a non-selected period, which is
neariy most of the totai period, by applying a'scanning
signal having a non-selected voltage of at least two

values, for instance, a rectangular wave of an alternating
current composed of an aligned pulses of a constant w;dth

to respective of the scanning wiring electrodes, and applying
an alternating current having the same phase and the same
polarity as the ‘above scanning signal is applied to the
reference glectrode (the common electrode) during all

through the period and to the pixel electrode during the
non-selected period. As the result, the parasitic | %

capacitance became negligible.
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Brief Deséription of the Drawings

These and other objects, features, and advantages of
the present invention will be understood more clearly from
the following detailed descripﬁion with reference to the
accompanying drawings, wherein;

FIGs. 1(a) and 1(b) are schematic illustrations
indic;ting an operation of the liquid crystal molecule in
the liquid crystal display apparatus relating to the
present invention, '

FIG. 2 is a schematic partial cross sectional view
indicating an example of structure of the thin film
transistor and the electrode of the present invention,

Fig. 3 is an example of a set of driving waveforms
relaﬁing to the present invention,

FIé. 4 is a schematic illuétration indicating an
equivalent circuit in a pixel of the present invention,

FIG. 5 is another example of a set of driving
waveforms relating to the present invention,

.FIG. 6 is an illustration indicating the angles formed

by respective of an orientation direction of the longitudinal

axis of the liquid crystal molecule on a boundary plane Orcr
a polarizing axis of the polarizer ¢,, and a leading phase
axis of the retardation film ¢, with the direction of the
electric field,

FIG. 7 is a graph indicating electro-optical
characteristics in various embodiments, wherein the

orientation direction of the longitudinal axis of the
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liquid crystal molecule on a boundary plane ¢,. is varied in
the rgspective embodiment, and the dielectric anisotropy is
positive,

FIG. 8 is a schematic illustration indicating a driving
circuit system of the liquid crystal display apparatus
relating to the present invention,

FIG. 9 is a schematic illustration indicating a
transmission optical system of the liquid crystal display
apparatus relating to the present invention,

FIG. 10 is a schematic illustration indicating a
reflection optical system of the liquid crystal display
apparatus relating to the present invention,

FIG. 11 is a graph indicating electro-optical
characteristics in various embodiments, wherein the
orientation direction of the longitudinal axis of the
liquid crystal molecule on a boﬁndary plane ¢,. is varied in
the respective embodiment, and the dielectric anisotropy is
negative, .

-FIGs. 12(a) and 12(b) are graphs indicating electro-
optical characteristics in various embodiments, wherein the
thickness d of the liquid crystal composition layer is
varied in the respective embodiment, and the dielectric
anisotropy is negative, |

EIGs. 13(a) and 13(b) are graphs indicating electro-
optical characteristics in various embodiments, wherein the
polarizer is arranged so that the dark state is obtained by

setting the electric field not zero but in a somewhat charged
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condition,

FIG. 14 is a graph indicating characteristics of the
positive contrast display and the characteristics when the
residual phase difference at the boundary plane is
compensated,

FIG. 15(a) is a schematic plan view of the fourth
embodiment of the present invention, wherein a capacitance
element is formed between the common electrode and the
pixel electrode which are provided on the counter
substrates, 15(b) is a cross section taken along the line
A-A' in FIG. 15(a), and 15kc) is a cross section taken -
along the line B-B' in FIG. 15(a),

FIG. 16 is a schematic plan view of a pixel in the
fifth embodiment of the present invention, wherein the
pixel electrode and the common electrode are separated into
two layers by inserting an insulating layer between the
above two electrodes, and no electric field is appliéd,

FIG. 17 is a cross séction taken along the line A-A'
in FIG. 16, |

FIG. 18 is a schematic plan view of a pixel in the
sixth embodiment of the presenﬁ invention, wherein the
pixel electrode is shaped a ring, the common electrode is
shaped a c;uciform, the pixel electrode and the common
electrode are éeparated into two layers by inserting an
insulating layer between the above-two electrodes, and no
electric fiéid is applied,

FIG. 19 is a schematic plan view of a pixel in the
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seventh embodiment of the present invention, wherein the
pixel electrode is shaped an I-character shape, the common
electrode is shaped a ring, the pixel electrode and the
common electrode are separated into two layers by inserting
an insulating layer between the above two electrodes, and
no electric field is applied,

FIG. 20 is a schematic cross sectional view of a pixel
in the eighth embodiment of the present invention, wherein
the pixel electrode and the common electrode are separated
into two layers by ihsertiné an insulating layer between
the above two elecfrodes, further another insulating layer
is inserted between the scanning wiring electrode and the
common electrode, and no electric field is applied,

FIG; 21 is a schematic cross sectional view of a pixel
in the ninth embodiment of the present invention, wherein
the pixel eleetrode and the common electrode are separated
into two layers by inserting an insulating layer between
the above two electrodes, the common electrode is formed on
a protective insulating film; and no electric field is
applied, and

FIG. 22 is a schematic cress sectional view of a pixel
in the tenth embodiment of the present invention, wherein
the pixel electrode and the common electrode are separated
into two layers by inserting an insulating layer between
the above twe electrodes, both the scanning wiring electrode
and common electrode are composed of aluminum which is coated

with a self-oxidized film, and no electric field is applied.
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[Explanation of the marks]

1...pixel_e1ectrode (source electrode), 2...reference
electrode, 3...substrate, 4...orientation film, 5...a
liquid crystal molecule in the liquid crystal composition '
layer, 6...polarizer, 7...a direction of fhe electric
field, 8...an orientation direction_of ﬁhe longitudinal
axis of the liquid crystal ﬁolecule on the boundary plane
(2 rubbing direction), 9...a direction of the polarizing
axis of the polarizer, 10...scanning wiring electrode,
11.3.auxiliary (additional) capacitance element,
12...signal wiring electrode, 13...gate insulating film,
14...flattening film, 15...protective insulating film,
16. . .amorphous siiiéon, 17...color filter, 18...shielding
layer, 19...polarizing transmittance axis of polarizer,
20...leading axis of retardation film, 21...signal wiring
electrode driving circuit, 22...scanning wiring electrode
driving circuit, 23...signal wiring electrode, 24..;
scanning wiring electrode, 25...lower substrate, 26...upper
subsﬁrate, 27...control circuit, 28...retardation film,
29...back light, 30...reflector, 31...liquid crystal
composition layer, 32...alumina film, 33...base piate
insulating f£ilm, 34...thin film transistor element,
35...image.information signal source, 36...common electrode
driving circﬁit, 37..;display region, and 38...a boundary

of shielding layer.

Description of the Preferred Embodiments
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(Embodiment 1)

Two glass plates of 0.7 mm thick are used as the
substrates. A nematic'liquid cfystal composition is
interposed between the substrates, wherein the'nematic liquid
crystal composition has a positive dielectric anisotropy Ae
of 4.5 and a refractive index anisotropy An of 0.072 (589
nm, 20 °C). Polyimide group orientation control film, which
is appliéd on surface of the substrate facing to TFT, is
processed with rubbing treatment to obtain a prétilt angle
of 3.5 degrees. The rubbing directions at upper boundary
and lower'boundary were approximately in parallel each
other, and an angle formed by the rubbing direction with a
direction of applied electric field was set at 78 degrees
(Prey = Opr = 78° ). A gap d between the substrates was
maintained by interposing dispersed spherical polymer beads
in 4.0 pm with the interposed liquid crystal. Therefore,
d-An is 0.288 pm. A panel was held between two polarizers,
wherein a pelarizing transmittance axis of the éne of the
pglarizers was approximately in parallel to'the fubbing
direction, that is ®p, = 7§° , and the polarizing
transmittance axis of the other polarizer was appfoximately
perpendiéular to the rubbing direction, that is Gp, = -12° .
In accordance with the above procedure, a negative contrast
characteristics was obtained.

FIG. 2 indicates structures of thin film transistors
and various electrodes. In FIG. 2, a thin film transistor

34 is connected to a pixel electrode (source electrode) 1, a
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signal wiring electrode 12, and a scanning wiring electrode
10, and the pixel electrode 1 and a reference electrode 2,
which is a common electrode, extend in a parallel direction
(called as a first direction) to the signal wiring electrode
12 in a pixel. In the present embodiment, both the pixel
electrode 1 and the reference electrode 2 were set in
parallel to the signal wiring electrode 12. However, even
if any of the pixel electrode 1 and the reference electrodé
2 are tilted somewhat (for instance, neérly 5 degrees) in
order to control the threshold characteristics of the
liquid crystal, the liquid crystal can be regarded as in
the scope of the present invention, and advantages of the
present invention can be sufficiently realized.
Furthermore, in accordance with the present embodiment, the
reference electrode 2 was used as a reference electrode.
Howeve?, not only based on image information, any electrode
(for instance, a scanning wiring eleétrode) which is
capable of supplying a constant predeterﬁined waveform can
be used as the reference electrode. |

A signal waveform having image information is applied
to the signal wiring electrode 12, and a scan waveform is
applied to the scanning wiring electrode 10 synchronously
with the signal waveform. An information signal is
transmitted from the signal wiring electrode 12 to the
pixel electrode 1 via the thin film transistor, and a
voltage is applied to the liquid crysta; between the

reference electrode 2. In accordance with the present
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embodiment, the pixel electrode 1 and the reference
electrode 2 were arranged on the same substrate and formed
in the same layer with the scanning wiring electrode 10.
However, the structure is not restricted to the above
described example, but also respective of the pixel
electrode 1 and the reference electrode 2 méy be arranged on
the countersubstrate, and may be formed in the éame layer
with the signal wiring electrode 12 on the same substrate.
Furthermore, a conductive layer for the reference electrode
may be forﬁed separately from the other electrodes to make
a pattern.

The auxiliary capacitance element 11 was formed, as
shown in FIG. 2, in a structure wheréin a special region
for arranging the auxiliary capacitance element was not
formed, but an insulatiﬁg film was interposed between a
part'of the pixel electrode 1 and the reference electrodé 2
utilizing their wiring portion. Static capacitance of the
auxiliary capacitance element 11 was approximately 21 fF.
Respective of a scan wiring driving LSI and a signal wiring
driving LSI was connected to the scanning wiring electrode
10 and the signal wiring electrode 12,.respectively.

The electric charge acéumulated in the pixel electrode
1 is further accumulatea to approximately 24 fF, which is a
capacitance obtained by connecting inlparallel of the.static
capacitance between the pi#el électrode_l and the reference
electrode 2 and the auxiliary capacitance eleﬁent 11.

Accordingly, voltage fluctuation of the pixel electrode 1
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can be suppreésed even if the specific resistance of the
liquid crystal composition is 5 X 10 Qcm. Therefore,
deterioration of the image quality could be prevented.

The number of the pixels was 640 (X 3) X 480, and
pitch of the pixel was 110 pm in the horizontal direction
(that is an interval between the mutual common electrodes)
and 330 pm in the vertical direction'(that'is an interval
between the mutual'scanning wiring electrodes). An interval
between the pixel electrode and the adjacent reference
electrode waé set as 12 pm, which was sufficiently larger
than 1/3 of the widths of the pixel electrode and the
reference électrode, i.e. both 12 pﬁ, and a practica;
aperture ratio such as 33 % coﬁld be maintained. In
accordance with the present embodiment, one pixel was
divided into four rectangular sub-pixels. However, the
number of the division can be 2, 6, and zero. Further, a
plurality of both the pixel electrodes and the reference
electrodes were formed in the present embodiment, and the
widths of the electrodes éan be altered for the plural
pixel electrodes mutually, or the plural reference
electrodes mutually. Furthermore, the widths of the single
pixel eléctrode or the single referenge electrode can be
altered in. itself.

Stripe shaped color filters 17 of three primary colors
such as red; green, and blue were arranged on the surface
of the substrate which was countered to the substrate which

was provided with the thin film transistor (FIG. 9). The
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surface of the color filters was coated with a flattening
film 14 composed of a transparent resin for flattening'the
surface. As material for the above transparent resin, an
epoxy resin was used. Furthermore, an orientation
controlling film composed of a polyimide group resin was
applied on the transparent resin, and processed with a
rubbing treatment so as to have a pretilt angle of 10
degrees. In the present embodiment, the number of the kinds
of the color filters was-three, but two or more than three
kinds of filters could be used. Furthermore, in accordance
with the present embodimeht, tﬁe color filters and a black
matrix were formed on the substrate countered to the
substrate which was provided with the thin film transistor.
However, one of or both the color filters and the black
matrix can be formed on the substrate whereon the thin film
transistor is arranged.

Driving circuits are connected to the panel. A
composition of the driving circuit system of the present
embodimént is shown in FIG. 8. Driving waveforms of the
composition is shown in FIG. 3. The uﬁselécted voltage V,

of the scan signal which applied to the scanning wiring

electrode takes two values, and the values change in all

the row at a cyclic period and é phase. In synchronizing
with the waveform, the voltage waveform which varies with
the same cyclic period and the same phase is applied to the
common electrode all over the cyclic period and to the pixel.

electrode during the unselected peiiod. In accordance with
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the above described waveform design, tﬁe voltage applied to
the parasitic capacitance C, shown in FIG. 4 can be
controlled, and the influence of the parasitic capacitance
can be reduced. The amplitudes of the voltage waveforms
which change at the same cyclic period and the same phase
are ideal when they are similar magnitudes, and the voltage
applied to the parasitic capacitance Css can be controlled
most effectively. However, even if the amplitudes are not
similar magnitudes, the advantage can be realized.

A contrast ratio of 130 and a brightness transmittance
of 22 % could be obtained by driving the liquid crystal
display apparatus with a vpltage between 2 V and 6.5 V. The
brightness transmittance referred in the present invention
is defined as a value of brightness when the aperture is
100 % and the value is normalized as no color filters..The
brightness transmittance at the bright state when the TFT-
CLD includipg the color filters was driven was 2.2 %. A
surface brightqess of 80 cd/m’ was obtained by overlapping a
back.light composed of a white fluorescent lamp and a light
guide plate. Power consumption of the back light was 6.4 W.
Power consumption of the driving circuit was 1.2 W, and the.

total power consumption of the TFT-CLD became 7.6 W, which

- was sufficiently lower value than the power consumption of

a CRT. The display characteristics hardly changed even if
the viewing angle was altered.
(Embodiment 2)

The present embodiment is the same as the embodiment 1
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except a point wherein thé driving waveform is changed as
shown in FIG. 5. The two value unselected voltages V, of
the scan signal which appiied to the scanning wiring
electrode changes at every selection of a line in the
embodiment 1, but it changes at every frame in the present
embodiment. |

A contrast ratio of 110 and a brightness transmittance
of 22 % were obtained by driving the liquid crystal display
apparatus with a voltage between 2 V and 6.5 V. The
brightness transmittance at the bright stafe when the TFT-
CLD including the color filters was driven was 2.2 %. A
surface brightness of 80 cd/m’ was obtained by overlapping a
back light composed of a white fluorescent lamp and a light
guide plate. Power consumption of fhe back light was 6.4 W.
Power consumption of the driving circuit was 1.2 W, apd the
total power consumption of the TFT-CLD became 7.6 W. The

display characteristics hardly changed even if the viewing

~angle was altered.

(Embodiment 3)

The present embodiment is the same as the embodiment 1
except the following condition;

The interval d between the pixel electrode and the
adjacent reference electrode was set as 8 pym, which was
sufficiently larger than 1/3 of the widths of the pixel
electrode and the reference electrode, i.e. both 13 um, and
a practical aperture.ratio such as 26 % could be

maintained.
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The display characteristics hardly changed even if the
viewing angle was altered. A contrast ratio of 110 and a
brightness transmittance of 21 % were obtained by driving
the liquid érystal display apparatus with a voltage between
1.3 V and 4.5 V. The brightness transmittance at the bright
state when the TFT-CLD including the color filters was
driven was 1.8 %. A surface brightness of 80 cd/m’ was
obtained by overlapping a back light composed of a white
fluoresdent lamp and a light guide plate. Power consumption
of the back light was 8.1 W. Power consumption of the
driving circuit was 1.2 W, and the total power consumption
of the TFT-CLb became 9.3 W, which was sufficiently lower
value than the consumpﬁion power of a CRT.

(Embodiment 4)

The present embodiment is the same as the embodiment 1
except the following condition;

FIG.15(a) is a partial plan view of the active matrix
type liquid crystal display apparatus relating to the
present embodiment. FIG. 15(b) is a cross section taken
along the line A-A' in FIG. 15(a), and FIG. 15(c) is a
cross section féken along_the line B-B' in FIG..ls(a). The
auxiliary capacitance element 11 shown in FIG. 1 was
changed in its structure as shown in FIG. 15(c), wherein
the liquid crystal composition layer 50 was held between
the pixel electrode 1 and the reference electrode which was
arranged on the éounter substrate. In accordance with the

present embodiment, it becomes possible to connect
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completely in parallel the static capacitance of the
auxiliary capacitance element 11 to the static capacitance
between the pixel electrode 1 and the reference electrode 2,
and accqrdihgly, any influence of voltage fluctuation of the
signal wiring electrode 12 does not reach the pixel
electrode 1. Therefore, the voltage fluctuation of the
prixel electrode 1 could be suppressed.further, and display
variation did not occur. |

The liquid crystal display apparatus of-the present
embodiment éid not generate any deterioration of the image
quality, and a wide viewing angle as same as the embodiment
1 and a low power consumption less than 10 W were realized.
{Embodiment 5)

The embodiments from 5 to 10 were same as the
embodiment 1 except the conditions especially pointed out
hereinafter.

FIGs. 16 and 17 are a plan view and a cross sectional
view of an unit pixel of tbe present embodiment, wherein
the pixel electrode 1 and the reference electrode 2 are
arranged on mutually different layers separated by an
insulating layer. The scanning wiring electrode 10 and the
reference electrode 2 composed of Cr were formed on a glass
sﬁbstrate,_and a gate insulating film 13 composed of

silicon nitridé (SiN) was formed so as to coat the above

described electrodes. An amorphous silicon (a-Si) film 16

was formed on a part of the scanning wiring electrode 10

via the gate insulating film 13 as an active layer of the
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transistor. The signal wiring electrode 12 and the pixel
electrode 1 composed of Mo were formed so as to overlap a
part of the pattern of the a-Si film 16, and a protective
insulating film_15 composed of SiN film was formed so as to
coat all of the above described members. When the thin film
transistor is turned on by supplying a voltage to the
scanning wiring electrode 13 of the transistor, a voltage
is supplied to the pixel électrode 1, an electric field is
induced in an interval between the pixel electrode 1 and

the reference electrode 2, the liquid crystal molecules are

‘oriented to the direction of the electric field as same as

the previous embodiments, and transmittance of light is
changed.

In accordance with the separation of the pixei
electrode 1 and the signal wiring electrode 12 from the
reference electrode 2, freedom in plane pattern designing
of the pixel electrode 1 and the reference electrode 2
increases, and it becomes possible to increase an aperture
of the pixel. The overlapping portion of the pixel
electrode 1 and the reference electrode 2 operates as an
additive capacitance connected in parallel to the-

capacitance of the liquid crystal, and it becomes possible

‘to increase a holding capacity of the liquid crystal

applied voltage. The above described advantages can not be
obtained by a conventiocnal comb-like shaped electrode, but
can be achieved only by separating the pixel electrode 1

and the signal wiring electrode 12 from the reference
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electrode 2. As FIG. 16 shows, it is not necessary to form
the capacitance element by assigning a part of the display
portion as is the case'when the pixel electrode and the
common electrode are arranged in a same layer, but it is
only necessary to overlap a part of wiring for extending
the common electrode toward outside the display region.

The liquid crystal display apparatus of the present
embodiment did not generate any deterioration of the image
quality, and a wide viewing angle as same as the embodiment
1 and a.low power consumption less than 10 W were realized.
(Embodiment 6)

FIG. 18 indicates a plan view of an unit pixel of the
present embodiment, wherein the pixel electrode 1 and.thé
reference electrode 2 were arranged on mutually different
layers which were separated by an insulating layer. Feature
of the present embodiment was in a fact that the reference
electrode 2 had a cruciform shape, and.the pixel electrode
1 had a ring-shape. The reference electrode 2 and the pixel
electrode 1 were overlapped each other to form an additional
capacitance. In accordance with the present embodiment, a
distance between the reference electrode 2 and the scanning
wiring electrode 10 can be taken large so as to prevent a
shortage accident of the ciréuit between the reference
electrode 2 and the scanning wiring electrode 10. Owing to
the ring shaped ﬁixel electrode, even if a breakage of
wiring occurs at any arbitrary location of tﬁe source

electrode, poﬁer can be supplied to whole the source
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electrode as far as the breakage is less than two points,
and a normal operation can be continued. That means, the
structure of the present embodiment has a redundancy to the
circuit breékage, and a production yield can be increased.
Owing to the redundancy, it becomes possible to make the
width of the wiring of the ring shaped electrode, to
arrange closely the wiring of the ring shaped electrode and
the scanning wiring electrode, and to increase the aperture
ratio.

The liquid crystal display apparatus of the present .
embodiment did not generate any deterioration of the image
quality, and a wide viewing angle aé same as the embodiment
1 and a low power consumption less than 10 W were
realized. |
(Embodiment 7)

FIG. 19 indicates a plan view of an unit pixel of
another embodiﬁent of the present invention, wherein the
pixel electrode 1 and the reference electrode 2 were
arranged on mutually different layers which were separatéd

by an insulating layer. Feature of the present embodiment

.was in a fact that the pixel electrode 1 had a I-letter

shape and the reference.electrode 2 had a ring shape. In
accordance with ‘the present embodiment, the aperture ratio
can be increased as same as the embo@iment 6, and
additionally, the overlapping portion of the pixel
electrode 1 and the reference electrode 2 can be increased.

Therefore, the additional capacitance can be increased.
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The liquid crystal display apparatus of the present

embodiment did not generate any deterioratiqn of the image

quality, and a wide viewing angle as same as the embodiment

1 and a low-power consumption less than 10 W were
realized.
(Embodiment 8)

FIG. 20 indicates a cross sectional view of an unit
pixel of the present embodiment, wherein the pixel
electrode 1 and the reference electrode 2 were arranged on
mutually different layers which wefé separated by an
insulating layer. In accordance with the present_ |
embodiment, the reference electrode 2 was composed of a new
electrode, which was arranged on a layer beneath the
scanning wiring electrode 10 via a base insulating film 33.
Accordingly, the reference electrode 2 was arranged on a
layer which was separated from all of the scanning wiring
electrode, the pixel electrode 1, and the signal wiring
elect:ode 12. Therefore, it becomes possible to withdraw
the reference electrode 2 not only in a direction in
parallel to the scanﬁing wiring electrode 10 but alsoc in a
direction perpendicular to the scanning wiring electrode 10
for making a net work structure. Accordingli, the
resistance of the reference electrode 2 can be decreased,
and an advantage to reduce deformation of waveform of the
common voltage and to prevent generation of smear can be
achieved.

The liquid crystal display apparatus of the present



10

15

20

25

38
embodiment did not'generate any deterioration of the image
quality, and a wide viewing angle as same as the émbodiment
1 and a low power consumption less than 10 W were
realized.
(Embodiment 9)

FIG. 21 indicates a cross sectional view of an unit
pixel of the present embodiment, wherein the pixel
electrode 1 and the reference electrode 2 were arranged on
mutually different layers which were separated by an
insulating layer. In accordance with the present
embodiment, the reference electrode 2 was composed of a new
electrode, which was arranged on the protective insulating
layer.15. In the preéent embodiment, the reference electrode
2 was arranged on a layer which was separated from all of
the scanning wiring electrode, the'pixel electrode 1, and
the signal wiring electrode 12 as same as the embodiment 8.
Therefore, it becomes possible to ﬁithdraw the reference
electrode 2 not only in a direction iﬁ parallel to the
scanning wiring electrode 10 but also in a direction
perpendicular to the scanning wiring electrode 10 for
making a net work structure. Accordingly, the deformatioh
of waveform of the common voltage can be reducea and the
generation'of smear can be prevented.

The liquid crystal display apparatus of the present
embodiment did not generate any deterioration of the image

quality, and a wide viewing angle as same as the embodiment

"1 and a low power consumption less than 10 W were realized.
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({Embodiment 10)

FIG. 22 indicates a cross sectional view of an unit
pixel of another embodiment of the present invention,
wherein the pixel electrode 1 and the reference electrode 2
were arranged on mutually different layers which were
separated by an insulating layer. Feature of thé present
embodiment was in a fact that the scanning wiring electrode
10 and the reference electrode 2 were composed of aluminum
(Al) , and their surfaces were coated with alumina film 32,
which was a self oxidized film of aluminum. In accordance
with use of such an insulating film having a double layers
structure, failures of insulation among the reference

electrode 2, signal wiring electrode 12, and the pixel

‘electrode can be'reduced, and consequently, defects of the

pixel can be decreased. .

The liquid crystal display apparatus of the present
embodiment did not generate any deterioration of the image
quality, and a wide viewing angle as same as the embodiment
1l and a2 low power consumption_le#s than 10 W were
realized.

(Embodiment 11)

The'composition of the present embodiment is same as
the embodiment 1 except the following condition;

A flgttening film 14 composed of a transparent polymer
was coated on a color filter as an organic insulating
layer, and surface of the flattening film was directly

processed with a rubbing treatment. As a material for the
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transparent polymer, an epoxy'resin was used. A liquid
crystal composition layer was directly contacted with the
epoxy resin, and a tilt angle at the boundary was 0.5
degreeé. Acéordingly, a process for applying an orientation
film céuld be omitted, and manufaéturing processes became
easy and short. Generally in conventional TN type liquid
crystal, various characteristics were required for an
orientation control film, and all of the requirement must
be fulfilled. Therefore, materials for the orientation
control film were restricted to limited materials such as
polyimide and the like. The most important characteristics
is the tilt angle. |

Electro-optical characteristics of the present
embodiment were measured, and such a result was obtained that
the display characteristics hardly changed even if viewing
angles were altered in directions as left and right, and up
and down. In spite of the small tilt éngLe such as 0.5
degrees, the orientation of the liquid crystai was
preferable, and no orientation failure domain was
generated. A low power coqsumption less than 10 W was
realized. |
(Embodiment 12)

The material for the flattening film in the embodiment
11 was altered from epoxy resin to polyimide resin. Surface
of the polyimide resin is directly processed with a rubbing
treatment as same as the embodiment 11 to provide both

functions such as flattening and orientation control of the
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liquid crystal molecules. The tilt angle at the boundary
was 2 degrees. In comparison with other embodiments, the
display characteristics was almost same. The orientation of
the liquid'crystal was preferable, and no orientation
failure domain was generated.
(Embodiment 13)

The composition of the present embodiment is same as
the embodiment 1 except the following condition;

The protective insulating film 15 for protecting the
thin film transistor was altered from silicon nitride to an
organic insulating layer composed of an epoxy resin, and
surface of the protective insulating film 15 was directly
processed with a rubbing treatment to provide the organic
insulating layer with both functions as a érotecting film
and an orientation control film of the liquid crystal
molecules. The tilt angle was 0.5 degrees.

Electro-optical characteristics of the present
embodiment ‘were measured, and a result which waslalmost
same.as the embodiment 1 was obtained. In spite of the
small tilt angle such as 0.5 degrees, the orientation of
the liquid crystal is preferable, and no orientation
failure domain was generated.

The liquid crystal display apparatus of the present
embodiment did not generate any deterioration of the image
quality, and a wide viewing angle as same as the émbodiment
1l and a low power consumptioﬁ less than 10 W were realized.

(Embodiment 14)
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The epoxy resin used for the protective insulating £ilm
15 was changed to a polyimide resin which was the organic
insulating layer as well.
Electrb—optical characteristics of the present

embodiment were measured, and a result which was almost

same as the embodiment 1 was obtained. The tilt angle was

slightly increased to 2.0 degreeé. The orientation of the
liquid crystal was preferable, and no orientation failure
domain was generated. |

The liquid crystal display apparatus of the present
embodiment did not generate any deterioration of the image
quality, and a wide viewing angle as same as thé embodiment
1l and a low power consumption less than 10 W were
realized.
{Embodiments 15-19)

The composition of.the present embodiment is same as

the embodiment 1 except the following condition;

In accordance with the embodiment 15, the direction of

the longitudinal axis of the liquid crystal molecules

‘(rubbing direction) at respective of the upper and the lower

boundary planes were approximately in parallel each other,
and the angle formed with the direction of the applied
electric field were set as 89.5 degrees (¢, = éum = 89.5°
), the polarizing light transmittance axis of one of the
polarizers was set in a direction approximately in parallel
to the rubbing direction (¢,, = 89.5° ), and the polarizing

light transmittance axis of another polarizer was set
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perpendicularly to the above polarizing light transmittance
axis (¢,, = -0.5° ).
Similarly in embodiment 16, the above directions were

set as follbws;

°

Grer = Bpeo = Ppy = 88° Pp, = _2'9

Similarly in embodiment 17, the above directions were
sét as follows;

Prer = Prez = Py = 75° , @p, = - 1I5°

Similarly in embodiment 18, the above directions were
set as follows;

Grer = e = Ppy = 45° , O, = -45°

Similarly in embodiment 19, the above directions were
set as follows;

Ores = Preo = Opy = 30°, ¢p, = -60°

Results of measurements on the electro-optical
éharacteristics in respective of the.present embodiments
are shown in FIG. 7. The brightness in FIG. 7 is expressed
by normalized values taking the largest grightness as 100 %
when’'a voltage in a range from zero to 10 volts (effective
voltage V_. ) was applied, and the minimum brightness as 0
%.. The curves of the threshold characteristics in FIG. 7
indicateé a trend to be steep with increasing the angle ¢,
Therefore, - in order to perform a medium gray scale display
with a sufficient voltage margin, ¢, must be decreased.
However, when the ¢, became equal to or less than 45

degrees, the brightness indicated a trend to decrease. The
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optimum value for the angle ¢,. varies depending on the
number of the medium gray scales to be displayed, the
required value for the brightnésé, the driven voltage, and
whether any voltage is applied'to the common electrode or
not. A designer can control the threshold characteristics
in a wide range by selecting a suitable angle ¢, . In
consideration of thé brightness, selection of an angle ¢#
equal to or larger than 45 degrees is desirable.
Furthermoré, an angle ¢,. in a range from 60 degrees to 88
degrees is preferable..

The results obtained in the measurement of viewing angle
characteristics on the respective cases; wherein the
viewing angle were varied in a direction horizontally'or.
vertically as same as the embodiment 1, indicated that no
significant difference existed mutually anq the display
characteristics hardy changed. The orientation of the
liquid crystal was preferable, and no orientation failure
domain was generated. A low power consumption less than 10 W
was realized.

(Embodiments 20-23)

The largest difference of the present embodiments-from
the previous embodiments is iﬁ a point that the dielectric
anisotropy of the liquid crystal composition layer is
negative; and the rubbing direction was altered
corresponding to the change of the dielectrié anisotropy. A
nematic liquid crystal composition (made by Merck Co., ZLI-

2806) , of which Ae is -4.8, and An is 0.0437 (589 nm, 20°C
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), was used. In accordance with the embodiments 20-23, the
direction of the longitudinal axis of the liquid crystal
molecules (rubbing direction, ¢, , ¢,,) at respective of
the upper ahd the lower boundary planes were approximately'in
parallel each other (¢, = @5,), and the angle, ¢, formed
with the direction of the applied electric field was set in
a range larger than zero degree and less than 45 degrees.
The polarizing light transmittance axis (¢,,) of one of the
polarizers ﬁas set in a direction approximately in parallel
to the rubbing direction, and The polarizing light
transmittance axis (¢,,) of another polarizer was set 
perpendicularly to the abqve polarizing light transmittance
axis.

That is, in embodiment 20, the above directions Qere
set as follows;

Pres = Pz = Ppy = J_"so r $p, = —88.5°

In eﬁbodiment'Zl, the above directions were set as
follows;-

Pre1 = P = Py = ]_'5° r Oy = =75°

In embodiment 22, the above directions were set as
follows;

Grey = Prez = Opy = 30° , ¢, = —60°

In embodiment 23, the above directions were set as

follows;

Prey = Prez = Opy = 45° , e = -45°

The gap d was set at 6.3 um in a condition enclosing
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the liquid crystal, and An-d was 0.275 pm. Other conditions
of the structure of the thin film transistor and the
electrodes th#n the above described items were as same as
the condition of the embodiment 3.

Results of measurements on the electrq-optical
characteristics in respective.of the present embodiments
are shown in FIG. 11. The brightness in FIG. 11 was
expressed by normalized values taking the brightness as 100
% when the two polarizers were adhered so that the
polarizing light transmittance axes became parallel each
other. By contraries to the case when the dielectric
anisotropy was positive, the curves of the threshold
characteristics in FIG. 11 indicates a trend to. be steep
with decreasing the angle ¢,.. Therefore, in order to perform
a medium gray scalé display with a sﬁfficient voltage
margin, ¢, must be increased. However, when the ¢,. became
equal to or larger than 45 degrees, the brightness
indicated a trend to decrease. The optimum value for the
angle ¢, varies depending on the number of the medium gray.
scales to be displayed, the required value for the
brightness, the driven voltage, and whether any voltage is
applied to the common electrode or not, as same as the case
when the dielectric anisotropy is positive. A designer caﬁ
control the threshold characteristics in a wide range by
selecting é suitable angle ¢u; In consideration of the
brightness, selection of an angle ¢,. equal to or less than

45 degrees is desirable.
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The results obtained in the measurement of viewing angle
characteristics on the respective cases, wherein the
viewing angle were varied in a direction horizontally or
vertically as same as the embodiment 1, indicated that no
significant difference existed mutually and the display
characteristics hardy changed. Particularly, no reversal of
levels in a medium gray scale display (8 steps) was
observed in a range within 50 degrees both horizontally and
vertically. The orientation of the liquid crystal was
preferable, and no orientation failure domain was
generated. A low power consumption less than 10 W was

realized.

(Embodiments 24-26)

In accordancé with the present embodiments, the
direction of the longitudinal axis of the liquid crystal

molecule and the arrangement of the polarizers were set as

' same as the embodiment 21 (¢, = ¢y, = P§p, = 15° , ¢,, = -75°

), which had indicated the most favorable characteristics

among the previous embodiments 20-23. And, only the '

product; d-An, of the thickness d of the liquid crystal

composition layer and the refractive index anisotropy An
was varied. In the embodiments 24, 25, and 26, the
thicknesses-d of the liquid crystal composition layers were
set as 4.0, 4.9, and 7.2 pm, respectively, and the d:-An were
set as 0.1748, 0.2141, and 0.3146 pm, respectively. In the
above variation, the refractive index anisotropy An was

taken as a constant number and only the thickness d of the
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liquid crystal composition layer was varied. However, even
if the refractive index anisotropy An is varied as same as
the other liquid crystal display method (for instance, 90
degrees twiéted nematic display method), the result on the
optimum value for the brightness can be obtained.

Furthermore, even if the dielectric anisotropy of the

liquid crystal composition layer is selected to be

positive, the same result can be obtained. The observed
results including the reéult of the embodiment 21 are
indicated in FIGs. 12 (a) and 12 (b). FIG. 12 (a) indicates
the results by taking the applied voltage as the abscissa,
and FIG. 12 (b) indicates the results shown in FIG. 12 (a) by
taking the d-<-An at a constant.applied voltage, 7 Volts, as
the abscissa. It is apparent from FIG. 12 (b) that the
brightness strongly depends on and an optimum value of the
d-An exists. In order-to increasé the brightness to at least
30 %, which is necessary in practical use, the d-:-An must be
in a range from Q.21 to 0.36 pm. Furthermore, in order to
increase the brightness to at least 50 %, the d-An must be
in a range frém 0.23 to 0.33 pm. In consideration of
productivity such as a time for enclosing the liquid

crystal and controlling the thickness of the liquid crystal

coMposition layer etc., the value of the d is set at least

_5.0 mm, and the d-An is'désirably set as equal to or less

than 0.08 ym as same as the pfesent embodiment.

The liquid crystal display apparatus of the present
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embodiment did not generate any deterioration of the image

quality, and a wide viewing angle as same as the embodiment

1l and a low power consumption less than 10 W were realized.
(Embodiments 27-29)

As the results of the embodiments 24-26 revealed, the
optimum value of the d-An exists in a range from 0.21 to
0.36 pm, desirably a range frém 0.23 to 0.33 pm. In
consideration that the thickness of the liquid crystal
composition layer'having preferable productivity is at
least 5.0 pym, the value of the refractive index anisotropy,
An, must be equal to or less than 0.072, desirably equal to
or less than 0.066; However, kinds of liquid crystal
compounds having such a extremely low An afe very
restricted, and it is very difficult to be compatible with
other characteristics required for practical use.
Therefore, a novel method has been invented, wherein the
d-An of the liquid crystal composition layer is set higher
somewhat than the optimum value, the excess amount of the
d-An from the optimum value is compensated by inserting an
optically anisotropic medium having a lower phaée
difference R, than the d-An of the liquid’drystal-
compositi§n layer so as to cancel the phase difference
generated by the liquid crystal composition layer, and an
effective phase differenég, which is obtained by joining
the liquid crystal composition layer and the optically

anisotropic medium, is set at an optimum value in a range
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from 0.21 to.0.36 pm.

The embodiments 27-29 were composed as same as the
embodiment 3 except the following conditions;

The thickness of the liquid crystal composition layer
was set respectively as 5.0, 5.2, and 5.5 pm. The value 6f
the d-An was respectively 0.360, 0.3744, and 0.396 um,
because a nematic liquid crystal composition having a
refractive index anisotropy of '0.072 (589 nm, 20 °C) was
used. Because the d-An was higher than the optimum range of
0.21 to 0.36 pm for preferable brightness and hue without
any modification, coloration with an orange color was
performed. An optically anisotropic medium composed of an
unidirectional drawn film made of polyvinyl alcohol was
‘coated to the liquid crystal cell so as to compensate the
birefringence phase difference of the liquid crystal when
the liquid cr&stai cell was driven with a low voltage. That -
is, ¢, was set at 85 degrees as same as Pres (= ) - The
phase difference R, was respectively set as 0.07, 0.08, and
0.10 pym, and the value of (d-An - Re) was respectively set as
0.29, 0.3044, and 0.296 pm so as to be in a range of 0.21.
to 0.36 pm for preferable brightness and hue.

As the results, a wide viewing angle, no deterioration
in image quality, and a low power consumption less than 10
W were realized as same as the other embodiments.
(Embodiment 30)

The liquid crystal composition layer in the embodiment
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27 was replaced with a nematic liquid crystal composition
(made by Merck, Co., ZLI-4518) having a negative dielectric
anisotropy A€ of ~-2.5, and An was 0.0712 (589 nm, 20 ﬁ:).
Other compoéition was as same as the embodiment 21 except
the following conditions;

The thickness of the liquid crystal composition layer

~was 5.5 pm, that is, the d-An was 0.3916 pm. An optically

anisotropic medium composed of an unidirectional drawn f£ilm
made of polyvinyl alcohol having the phase difference R, was
coated to the liquid crystal cell so as to make the wvalue
of (d-An - R,) as 0.2816 pm, which was in a range of 0.21 to
0.36 uym for preferable brightness and hue. '

As the results, a wide viewing angie, no deterioration
in image quality, and a low power consumption less than 10
W were realized as same as the other embodiments.
{Embodiment 31)

The composition of the present eﬁbodimeﬁt is as same
as the embodiment 15 except the following conditions;

"The An of the liquid crystal composition layer wés.
0.b72, and the gap d was 7.0 pym. Therefore, the d-An was
0.504 ym. The ¢,., was 89.5 degrees, the orientation
directioﬁs of the liquid cryétal molecules at the upper and
the lower boundaries were intercrossing with a right angle,
and Iq%m_- ¢m2| was set as 90 degrees. The polarizers were
arranged so as to intercross each other with a right angle

(ld,~ 9,1 =90 °), and a relationship with the liquid
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crystal orientation direction was set to be optically
rotatory mode, that is ¢,, = ¢,,. As the result, a positive
contrast display was obtained.

The meesurement of electro-optical characteristics on
the present embodiment reveals that the present embodiment
realized a wide viewing angle, no deterioration of image
quality, and a low power consumption as same as the other
embodiments except a point, wherein the threshold moltages
Vi, Voo became approximately twice in comparison with the
other embodiments having a birefringence mode. The
orientation of the liquid crystal was preferabie, and neo
orientation failure domain was gemerated.

({Embodiments 32, 33)

The compositions of the present embodiments were as
same as the embodiment 1 except the following condition;

The polarizers were arranged so as to obtain a dark
state under a condition wherein the electric field was not
nil, but was slightly applied. That is, the value of | le—
¢H_l-was set as 5 degrees and 15 degrees, respectively, in
the embodiments 32 and 33. The value of | ¢,, - ¢H_| was set

as-90 degrees.

i/ ’ .
AN As same as the other embodiments, preferable display

characteristics in both viewing angle and image quality,
of the liquid crystal was preferable, and no orientation
failure domain was generated.

(Embodiments 34, 35)
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The compositions of the present embodiments were as
same as the embodiment 1 except the following condition;

The polarizers were arranged so as to obtain a dark
state under a condition wherein the electric field was not
nil, but was slightly applied. That is, the value of | ¢, -
¢m_| was set as 5 degrees and 7 degrees,.respectively, in
the embodiments 34 and 35. The value of | ¢,, - ¢, | was set
as 90 degrees. The thickness d of the liquid crystal’
composition layer was 6.3 pm. Therefore, the d-An was 0.275
hm. |

The result of the electro-optical characteristics
measurement on the preseht embodiments are shown in FIG.
13. In the case of the embodiment 34, the voltage V, for
getting a dark state was 3.0 Vblts,.and the voltage V, for
a brightest state was 9.2 Volts. Therefore, when the liquid
crystal display apparatus was driven with the voltage between

the above V,, and V&,,-sufficiently high contrast could be

obtained. Similarly, in the case of the embodiment 35, V.,

was 5.0 Volts and V, was 9.0 Volts.

When the present embodiments were driven with the
voltage between the above V., and V,, , preferable display
charactefistics in both viewing ﬁngle and image quality,
and a low power consumption were obtained as same as the
other embodiments. The orientation of the liquid crystal was

preferable, and no orientation failure domain was

‘"generated.

(Embodiment 36)
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An image signal was supplied to the signal wiring
electrode; and concurrently, an alternate current waveform
of 3.0 Volts was supplied to the common electrode. As the
result, lo#ering of voltage supplied to the signal wiring
electrode (8.3 V — 6.2 V) was realized.

Then, the present embodiment was driven with the
voltage between the above V., and V., . The orientation of
the liquid crystal was preferable, and no orientation
failure domain was generated as same as the other
embodiments.

(Embodiment 37)

The composition of the present embodiment was as same
as the embodiment 1 except the following condition;

The polarizers were arranged so as to obtain a dark
state under a condition wherein the electric field was not

nil, but was slightly applied. That is, the value of | Orey —

'¢m.| was set as 45 degrees, and the value of | Gp, — ¢m.| was

set as 90 degrees. In accordance with the above setting,
the bright state was obtaineo by applving a low voltage and
the dark state was obtained by applying a high voltage.
Voltage dependence of brightness was measured and tho
result was shown by a solid line in FIG. 14.

As same as the other embodiments, preferable display
characteristics in both viewing angle and image quality,
and a low power consumption as less than 10 W were
obtained. The contrast ratioc was 35. The orientation of the

liquid crystal was prefeiable, and no orientation failure
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domain was generated.

(Embodiment 38)

A birefringence medium (unidirectional drawn polyvinyl
alcohol film) for compensating the residual phase
difference at the boundaries was inserted between the two
polarizers in the same composition with the embodiment 37.
The drawing direction ¢, ' of the filﬁ was set as -45 degrees
for intersecting the polarizer transmitting axis with a right
angle. The phase difference R, was 15 nm.

As shown by a dotted line in FIG. 14, leakage of light
at applying.-a high voltage could be suppressed in
comparison with the embodiment 37, and the contrast ratio
was further improved to 150.

In accordance with the present invention, a thin film
transistor type liquid crystal display apparatus having a
wide viewing angle, a high contrast ration, a large
transmittance of the liquid crystal panel, and a low power

consumption can be obtained.
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What is claimed is;

1. A liquid crystal display aéparatus comprising:

a pair of substrates,

a plurality of signal wiring electrodes and scanning
wiring electrodes formed on said substrétes, and

a liquid crystal composition layer interposed between
said pair of éubstrates, wherein |

said plurality of signal wiring electrodes and
scanning wiring electrodes form a plurality of pixels by
intersecting each other in a matrix state,

active elements for switching on-off pixel electrodes
in said pixels are formed in said pixels,

an electric field is applied between said pixel
electrode and a reference electrode in approximately
paraliel to a plane of the substrate when said active
element is turned on,

a scanning wiring electrode driving circuit for
supplying écan.signals including at least two values of
non-selected voltages is connected to said scanning wiring
electrode, and |

a signal wiring electrode driving circuit for
supplying image signals is connected to said signal wiring

electrode.

2, A liquid crystal display apparatus comprising:

a pair of substrates,
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a plurality of signal wiring electrodes and scanning
wiring electrodes formed on said substrates,

polarizing means arranged so as to hold said pair of
substrates between, and

a liquid crystal composition layer interposed between
said pair of substrates, wherein

said plurality of signal wiring electrodes and
scanning wiring electrbdes form a plurality of pixels by
intersecting each other in a maprix sﬁate,

active elements1for switching on-off pixel electrodes
in said pixels are formed in said pixels,

an electric field is applied between said ﬁixel
electrode and a reference electrode in approximately
parallel to a plane of thg substrate when said active
element is.turned on, |

said liquid crystal composition layer and polarizing-
means are arranged.so that a contrast ratio in a direction
perpendicular to said subétrate becomes at least 10, and a
brightness transmittance becomes at least 15 %,

said pixel electrode and said reference electrode
extend in the pixel to a first direction in approximately
parallel to said signal wiring electrode,

a scanning wiring electrode driving circuit for
supplving scan signals including at least two values of
non-selected voltages is connected to said scanning wirinQ
electrode, and .

a signal wiring electrode driving circuit for
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supplying image signals is connected to said signal wiring

electrode.

3. A liquid crystal display apparatus as claimed in claim
1, wherein

said reference electrode is a common electrode having a

common potential to the plural pixels.

4. A liquid crystal display apparétus as claimed in claim |
1 or claim 2, wherein

the non-selected voltage of the scan signals applied
to said scanning wiring eiectrode changes with same cycles
and same phases in all rows of the matrix, and
synthoni#ing to which,

a voltage waveform, which changes with same cycles and
same phases each other, is applied tola common electrode
during all over the operating'period and to the pixel

electrode during the non-selected period.

5. -A liquid crystal display apparatus as claimed in claim
4, wherein

the non-selected voltage of the scan signals which is
applied to said scanning wiring electrode, and the voltage
which is applied to a common electrode during all over the
operating period and to the pixel electrode during the non-

selected period have approximately a same amplitude.
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6. A liquid crystal display appafatus as claimed in any
one of claims 1-5, wherein
a gap D between said pixel electrode and adjacent said
reference electrode in a pixel of said pixels is larger than
1/3 of any of widths, W, and W, of said pixel electrode and

said reference electrode.

7. A liquid crystal display apparatus as claimed in any
one of claims 1—5, wherein-
all of said pixel electrode,.said signal wiring

electrode, said reference electrode, and said scanning

~wiring electrode are arranged on a same substrate of said

bair of substrates.

8. A liquid crystal display apparatus as claimed in any

one of claims 1-5, wherein

said reference electrode is arranged on a substrate,
which is countered to another substrate whereon said active
element is arranged, to form an auxiliary capacitance
element between said pixel electrode by interposing an

insulator.

9. A liquid érystal display apparatus as claiméd in any
one of claims .1-6, wherein

said pixel electrode and said reference electrode are
arranged on a same layer, and an auxiliary capacitance

element is formed between said pixel electrode and said
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scan wiring by interposing an insulator.

10. A liquid crystal display epparatus as claimed in any
one of claims 1-6, wherein

respective of said piiel electrode and said reference
electrode is arranged on each different one of two layers
which are separated by interposing an insulator, a part of
said pixel electrode and a part of said reference electrode
are overlapped with interposing an insulator between the
electrodes, and an auxiliary capacitance element is formed

at the overlapping portion.

11. A liquid crystal display apparatus as claimed in any
one of claims 8-10, wherein

a vertical scanning period of driving signals supplied
from said scanning wiring electrode driving circuit is set
as shorter than a time constant which is defined as a

product of a specific resistance and a dielectric constant

‘of the insulating material composing said capacitance

element.

12. A liquid crystal display apparatus as claimed in any
one of claims 8-10, wherein
said reference electrode has a structure capable of

being used concurrently by adjacent pixels.

13. A liquid crystal display apparatus as claimed in any -
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one of claims 8-10, wherein

said reference electrode has a structure capable of
being used concurrently by adjacent pixels, and

a part of common wiring is intersected with signal

wiring with a right angle.

14. A liquid crystal display apparatus as claimed in claim
10, whereih

| said pixel electrode or said reference electrode has a
plane shaped in any one of a ring, a cruciform, a T-letter shape,

a I shape, an I-letter shape, and a ladder shape.

15. A liquid crystal display apparatus as claimed in claim
10, wherein

said reference electrode is composed of a metallic
electrode of which surface is coated with a self oxidized film

or a self nitrized £ilm.

16. A liquid crystal display apparatus as claimed in any one
of claims 1 to 15, wherein

at least two kinds of color filters of different colors
each other are provided on the one of said pair of substrates,'
and

a boundary of said color filters is overlapped with any

one of said signal wiring electrode or said reference electrode.

17. A liquid crystal display apparatus as claimed in any one
of claims 1 - 16, wherein

at least two kinds of color filters of different colors
are provided on the one of said pair of substrates,

an organic polymer for flattening surface is laminated
on said color filters,

said organic polymer is transparent, and

said transparent polymer film is used as an orientation

film for controlling an orientation direction of



10

15

20

25

AT R

liquid crystal molecules on a boundary with the liquid

62

crystal compositioh layer by processing said transparent
polymer with a surface treatment or making the layer have

anisotropyf

18. A liquid crystal display apparatus as claimed in claim
17, wherein

said organic polymer is composed of at.least two kinds
of materials,

the one of said organic polymer-whiéh is contacted with
the liquid .crystal hés a function to conErol the

orientation of the liquid crystal molecules in a designated

. direction, and

another one of said organic polymer which is adjacent to

the color filters has a function to flatten the surface.

19. A liquid crystal display apparafus as cla;med in claim '
17 or claim 18, wherein

" said organic péiymer coﬁposed’of at least a layer is
an .organic insulating layer which is contacted directly

with said active element.

20. A liquid crystal display apparatus as claimed in claim
19, wherein

said organic polymef is an organic insulating layer
which is contacted directly with said active element and

said liquid crystal cémposition layer, and
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said organic insulating layer has both functions as a
protecting film for said active element, and a orientation

controlling film.for the liquid crystal molecules.

21. A liquid crystal display apparatus as claimed in any
one of claims 1-20, whérein

the dielectric anisotropy of said liquid crystal
composition lager is positive, and

an angle |¢m:|, which is formed by the orientation
direction of the liquid crystal molecules on a boundary of
at least one of the substrates with the electric field, is

in a range at least 45 degrees and less than 90 degrees.

-22. A liquid crystal display apparatus as claimed in

claim 21, wherein
said angle |¢m:| is in a range at least 60 degrees and

equal to or less than 88 degrees.

23. -A liquid crystal display apparatus as claimed in any
one of claims 1-18, wherein

the dielectric anisotropy of said liquid crystal
composition layer is negative, and

an angle | ¢, |, which is formed by the orientation
direction of the liquid.crystai molecules on a boundary of
at least one of the substrates with the electric field, is

in a range more than zero degrees and less than 45 degrees.
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24. A liquid crystal display épparatus as claimed in claim

64

23, wherein
said angle |¢u:| is in a range at least 2 degrees and

equal to or-less than 30 degrees.

25. A liquid crystal display apparatus as claimed in any
one of claims 21-24, wherein,
relating to the orientation in said liquid crystal

composition layer, an an-gle.<|>._,.‘=1 of the orientation direction

 of the liquid crystal molecules on the boundary of the one of

substrates and an angle ¢,, of the orientation direction of
the liquid crystal molecules on the boundary of another
substrates are in approximately parallel each other ( ¢,,, =
¢.0) » and

a product, d-An, of the thickness d and the refréctive |
index anisotropy An of said liquid crystal compdsition

layer is in a range between 0.21 pm and . 0.38 um.

26. ‘A liquid crystal diéplay apparatus as claimed in claim
25, wherein | ' '

an optical anisotropic medium having_a phase
differenée R, which is lower than saidjproduct, d'An,'of the
thickness d and the refractive index anisotropy An of said
liquid crystal composition layér is inserted so as to
compensate the phase difference generated by said liquid
crystal composition layer, and the difference of their

absolute values, ld-Anl-—IE&l r is set in a range between
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0.21 pm and 0.38 pm.

27. A liquid crystal display apparatus as claimed in any
one of claims 21-24, wherein,

relating to the orientation in said liquid crystal
composition layer, an angle ¢,, of the orientation direction
of the liquid crystal mplecules on the boundary of the one of
substrates and an angle ¢, of the orientation direction of
the liquid crystal molecules on the boundary of another
substrates are intercrossed each other,

an angle, ]¢un - Oy, | , which is formed by said
iﬁtercrossing, is at least 80 degrees and equal to or less
than 100 degrees, and

a product, d-An, of the thickness d and the refractive
index anisotropy An of said liquid crystal composition

layer is in a range between 0.40 pm and 0.60 pm.

28. A liquid crystal display apparatus as claimed in any
one of claims 17-27, wherein,

a declining angle of the liquid crystal molecules is
equal to or less than 4 degrees on at least either one of the

boundaries.

29. A liquid crystal display apparatus as claimed in claim
22, wherein
the dielectric anisotropy of said liquid crystal

composition layer is positive,
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said polarizing means is a pair of polarizers holding
said liquid crystal composition layer between, and

an angle, ¢,., which is formed by a longitudinal
direction of the liguid crystal molecules on at least one
of said boundaries with the electric field, is
approximately equal to an angle, ¢,, of a.transmittance axis
(or an absorbing axis) of a polarizer of said pair of

polarizers.

30. A liquid crystal display apparatus as claimed in claim
21 or claim 22, wherein

the dielectric anisotfopy of said liquid crystal

composition layer is positive,

said polarizing means is a pair of polariéers holding
said liquid crystal composition layer between,

an angle, ¢,., which is formed by a longitudinal
direction of the liquid crystal molecules on at least one
of said boundaries with the electric field, has a same sign
with.-an angle, ¢,, of a transmittance axis (or an absorbing
axis) of a polarizer of said pair of polarizers,

the absolute value of the angle, ¢, is larger than
the absolute value of tﬁe angle, ¢,, and

the difference, | Gy - ¢P|, is in a range at least 3

degrees.and equal to or less than 15 degrees.

31. A liquid crystal display apparatus as claimed in claim

24, wherein
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the dielectric anisotropy of said liquid crystal
composition layer is negative,
said polarizing means is a pair of polarizers holding
said liquidlcrystal composition layér between,

an angle, ¢,., which is formed by a longitudinal

direction of the liquid crystal molecules on at least one

of said boundaries with the electric field, has a same sign
with an angle, ¢,, of a trahsmittance axis (or an absorbing
axis) of a polarizer of said pair of polarizers, and

the absolute value of the angle, ¢,., is approximately

equal to the absolute value of the angle, ¢, .

32. A liquid crystal display apparatus as claimed in ciaim
24, wherein

the dielectric anisotropy.of said liquid crystal.
composition layer is negative,

said polarizing means is a pair of polarizers holding
said liquid crystal composition layer between,

-an angle, ¢, which is formed by a longitudinal
directiop of the liquid crystal molecules on at least one
of said boundaries with the electric field, is smaller than
an-angle;.¢9, of a transmittance axis or an absorbing axis
of a polarizer of said pair of polarizers, and

the difference, | ¢, - ¢,|, is in a range at least 3

degrees and eéual to or less than 15 degrees.

33. A liquid crystal display apparatus as claimed in any



10

15

N T

68
one of claims 29<32, whefein,
an image signal is applied to said pixel electrode,
and a voltage signal waveform is applied to said reference
electrode so as to raise a voltage which is applied to said

liquid crystal composition layer.

34. A liquid crystal display apparatus as claimed in claim
26, wherein

said polarizing means is a pair of polarizers holding
said liquid crystal composition layer between, which are
arranged at positions to form a bright state by apélying a
low voltage V, and a dark state by applying a high voltage
V., and |

a transparent mediﬁm, which compensates a residual
phase difference at boundaries of the liquid crystalllayer
at applying the high voltage v;, is inserted between.  said

pair of polarizers.:



