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MONOCHROMATIC LIQUID CRYSTAL
DISPLAY WITH HIGH CONTRAST RATIO

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2007-199640 filed on Jul.
31,2007, and Japanese Patent Application No. 2007-219638
filed on Aug. 27, 2007, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] A) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play, and more particularly to a liquid crystal display capable
of providing a high contrast ratio using a monochromatic light
source.

[0004] B) Description of the Related Art

[0005] A super-twisted nematic (STN)—liquid crystal dis-
play (LCD) has been used as a liquid crystal display unit of a
high duty ratio. One type of STN-LCD is a blue color mode
display device. A so-called blue color display, in which blue
color is presented when a voltage is not applied and white
color is presented when a voltage is applied, can be made by
disposing a polarizing axis of an analyzer at 30 degrees in a
counter-clockwise direction relative to long axes of liquid
crystal molecules on an optical output side and by disposing
a polarizing axis of a polarizer at 30 degrees in a clockwise
direction relative to long axes of liquid crystal molecules on
an optical input side, for the polarizing plates disposed above
and under the liquid crystal cell.

[0006] JP-A-2004-62021 proposes to improve light shield-
ing performance in a cut-off state by making liquid crystal
composition of STN-LCD of the blue color mode contain
dichromatic pigment. As another means for improving light
shielding performance, there is a method of using a compen-
sation plate.

[0007] STN-LCD of the blue color mode generally uses a
white color back light. If a monochromatic light source such
as a light emitting diode (LED) is used, it is possible to
provide a mode in which a back light color becomes a display
color in a normally black state, by lowering a minimum value
of transmission factor in the absence of applied voltage at a
wavelength of emission peak of the back light and making the
back light transmit at its wavelength of pack emission in the
presence of applied voltage.

SUMMARY OF THE INVENTION

[0008] STN-LCD has a transmission factor spectrum hav-
ing a minimum value at some wavelength. In the mode of
monochromatic display in a normally black state, it is desired
to increase a contrast ratio of the presence of applied voltage
to the absence of applied voltage.

[0009] An object of this invention is to provide an STN
liquid crystal display unit capable of improving a contrast
ratio in a normally black mode.

[0010] According to one aspect of the present invention,
there is provided An STN liquid crystal display comprising: a
back light using a monochromatic light source for emitting
monochromatic light; and a liquid crystal display cell includ-
ing opposing first and second transparent substrates, first and
second transparent electrodes formed above opposing sur-
faces of the first and second transparent substrates, respec-
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tively, first and second alignment films formed above the first
and second transparent substrates respectively, covering the
first and second transparent electrodes, a liquid crystal layer
containing chiral agent and squeezed between said first and
second transparent substrates, and first and second polarizers
disposed outside the first and second transparent substrates,
respectively, wherein a twist angle of liquid crystal molecules
of the liquid crystal layer is 155° to 210° and a first angle
between a polarizing axis direction of the first polarizer and
an alignment direction of liquid crystal molecules of the
liquid crystal layer in contact with the first transparent sub-
strate and a second angle between a polarizing axis direction
of the second polarizer and an alignment direction of liquid
crystal molecules of the liquid crystal layer in contact with the
second transparent substrate are each larger than 0° and
smaller than 90°, and a sum of the first and second angles is
90°+7°.

[0011] Tt is possible to provide STN-LCD of a normally
black mode having a high contrast ratio and monochromatic
display with good characteristics of viewing angle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.1is aschematic cross sectional view of a liquid
crystal display.
[0013] FIG. 2A is a schematic plan view of a blue color

mode STN-LCD, and FIG. 2B shows transmission factor
spectra of the liquid crystal display unit in generally a visible
wavelength range.

[0014] FIG. 3A is a schematic plan view of an STN-LCD,
and FIG. 3B shows transmission factor spectra of the liquid
crystal display unit in generally a visible wavelength range.
[0015] FIG. 4 shows characteristics of the transmission
factor versus angle of a liquid crystal display unit at a wave-
length of 630 nm.

[0016] FIG. 5A shows characteristics of the transmission
factor versus right/left viewing angle of the 270° STN-LCD
shown in FIG. 3A at a wavelength of 630 nm, and FIG. 5B
shows characteristics of the transmission factor versus
up/down viewing angle of the 270° STN-LCD shown in FIG.
3A at a wavelength of 630 nm.

[0017] FIG. 6 shows the transmission factor spectra of the
270° STN-LCD shown in FIG. 3A in the absence of applied
voltage and generally in the visible wavelength range.
[0018] FIG. 7A is a schematic plan view of a 90° TN-LCD,
and FIG. 7B shows the transmission factor spectra of the 90°
TN-LCD in the absence of applied voltage and generally in
the visible wavelength range.

[0019] FIG. 8 shows the transmission factor spectra of the
180° TN-LCD in the absence of applied voltage and generally
in the visible wavelength range.

[0020] FIG. 9 shows characteristics of the transmission
factor versus twist angle of an STN-LCD at a wavelength of
630 nm, using a viewing angle as a parameter.

[0021] FIG. 10A is a schematic plan view of an STN-LCD,
and FIG. 10B shows characteristics of the transmission factor
versus viewing angle of the liquid crystal display unit at a
wavelength of 630 nm.

[0022] FIG. 11A is a schematic plan view of an STN-LCD,
and FIG. 11B shows characteristics of the transmission factor
versus viewing angle of the liquid crystal display unit at a
wavelength of 630 nm.

[0023] FIG. 12 shows characteristics of the transmission
factor versus viewing angle of a liquid crystal display unit at
a wavelength of 550 nm.
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[0024] FIG. 13 shows the transmission factor spectra in the
absence/presence of applied voltage.

[0025] FIG. 14 shows a range of an optimum retardation
relative to a wavelength of emission peak of the back light.
[0026] FIG. 15A to 15D show liquid crystal molecule
alignment directions and polarizer polarizing axis directions
of liquid crystal display units.

[0027] FIG. 16 shows transmission factors spectra accord-
ing to a fourth embodiment.

[0028] FIG. 17A shows characteristics of transmission fac-
tor versus viewing angle obtained by moving a viewing angle
up/down, and FIG. 17B shows characteristics of transmission
factor versus viewing angle obtained by moving a viewing
angle right/left.

[0029] FIG. 18A to 18D show liquid crystal molecule
alignment directions and polarizer polarizing axis directions
of liquid crystal display units.

[0030] FIG. 19 shows transmission factors spectra accord-
ing to a fifth embodiment.

[0031] FIG. 20A shows characteristics of transmission fac-
tor versus viewing angle obtained by moving a viewing angle
up/down, and FIG. 20B shows characteristics of transmission
factor versus viewing angle obtained by moving a viewing
angle right/left.

[0032] FIG. 21 shows transmission factor spectra accord-
ing to a sixth embodiment.

[0033] FIG.22A is a diagram showing the relation between
an in-plane alignment direction of liquid crystal molecules
and a polarizer polarizing axis direction on an STN-LCD of a
comparative example, and FIG. 22B shows transmission fac-
tor spectra in a wavelength range of the liquid crystal display
unit shown in FIG. 22A, including a visible wavelength
range.

[0034] FIG. 23A shows a display example of a liquid crys-
tal display unit adopting the comparative embodiment, and
FIG. 23B is a display example of a liquid crystal display unit
adopting the first embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] FIG.1 is aschematic cross sectional view of a liquid
crystal display unit. The liquid crystal display has the liquid
crystal display unit 101 and back light 102 as its main con-
stituent components. The liquid crystal display unit 101
allows light from the back light 102 to be transmitted or
shielded, to thereby display a pattern of an electrode 2.
[0036] Description will be made on a manufacture method
for the liquid crystal display unit 101. A transparent ITO film
is formed on each of two glass substrates 1A and 1B by CVD,
vapor deposition, sputtering or the like and desired ITO elec-
trode patterns 2 and external lead wirings 2 1 are formed by
photolithography. An insulating film 4 is formed on each of
the glass substrates having the ITO electrode patterns 2 and 2
1 by flexographic printing. Although this insulating film 4 is
not essential it is preferable to form the insulating film in
order to prevent a short circuit between the upper and lower
substrates. The insulating film may be formed by vapor depo-
sition, sputtering using a metal mask or the like, in addition to
flexographic printing.

[0037] An alignment film 5 having the same pattern as that
of the insulating film 4 is formed on the insulating film 4 by
flexographic printing.
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[0038] A rubbing process is executed for the alignment film
5. The rubbing process is a treatment of the alignment film 5
by rubbing with a tubular roll rotating at high speed wound
with a cloth.

[0039] A seal material 6 having a predetermined pattern is
formed on one substrate by screen printing. The seal material
6 may be formed by using a dispenser instead of screen
printing. In this example, thermosetting seal material (prod-
uct name ES-7500 manufactured by MITSUI CHEMICALS.
INC) is used. Photosetting seal material or photo-thermo
setting seal material may also be used. The seal material 6
contains several % of glass fibers of 6 um in diameter.
[0040] A conductive material 7 is printed outside the seal
material 6 at a predetermined position. In this example, the
conductive material 7 made of the seal material ES-7500
containing several % of Au balls of 6.5 um in diameter is
formed at the predetermined position by screen printing.
[0041] The pattern of seal material 6 and pattern of conduc-
tive material 7 are formed above one of the substrates 1A and
1B, e.g., the upper substrate 1B, and a gap control member is
sprayed on the other substrate, e.g., the lower substrate 1A by
a dry spray method. The gap control material is made of
plastic balls of 6 um in diameter.

[0042] The two substrates 1A and 1B are stacked at the
predetermined position, with the alignment films 5 being set
inward, to form a cell and in a pressed state the seal material
6 is cured by heat treatment. A plurality of liquid crystal cells
may be formed among a pair of substrates.

[0043] If a plurality of liquid crystal cells are formed
among a pair of substrates, flaws are formed on the glass
substrates with a scriber apparatus, and the substrates are
divided into empty cells having a predetermined size and
shape, by breaking.

[0044] Liquid crystal 3 containing chiral agent is injected
into an empty cell by a vacuum injection method, and there-
after an injection port, is sealed with an end seal material.
Thereafter, the glass substrates are chamfered and washed to
form a liquid crystal cell.

[0045] A polarizer 8 is adhered to the top and bottom sur-
faces of the liquid crystal cell to complete a liquid crystal
display unit 101 of the STN mode.

[0046] Description will be made on a blue color mode
STN-LCD as a reference example.

[0047] FIG. 2A is a diagram showing a relation between
alignment directions of liquid crystal molecules and polariz-
ing axis directions of the polarizers of a blue color mode
STN-LCD. A horizontal direction and a vertical direction
correspond to a horizontal direction and a vertical direction in
a standard state of observing a liquid crystal display. As
shown, a twist angle TW of liquid crystal is 270°. A smaller
angle a of two angles between an alignment direction AL1 of
liquid crystal molecules contacting an upper substrate (front
substrate) and a polarizing axis direction P1 of an upper
polarizer is 30°, and a smaller angle b of two angles between
an alignment direction AL2 of liquid crystal molecules con-
tacting a lower substrate (back substrate) and a polarizing axis
direction P2 of a lower polarizer is also 30°.

[0048] FIG. 2B is a graph showing transmission factor
spectra in a wavelength range including a visible wavelength
range of the STN liquid crystal display shown in FIG. 2A The
transmission factor was calculated by simulation software
formed by the present inventor. As shown, a transmission
factor spectrum in the absence of applied voltage has a maxi-
mum value and a minimum value in the visible wavelength
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range. The maximum value is at a wavelength of blue color,
and is about 50%. A background color of the liquid crystal
display in the absence of applied voltage becomes blue. A
transmission factor in the presence of applied voltage is about
50% almost in the whole visible wavelength range. Although
the transmission factor in the blue color wavelength range is
slightly lower than that in the other visible wavelength range,
light from a white color back light is transmitted to present
white color display. Display is therefore preformed in white
and blue colors.

[0049] A minimum value of the transmission factor in the
absence of applied voltage is about 6% at a wavelength of 540
um. Since the transmission factor is not 0% even at the mini-
mum value, optical through occurs in the absence of applied
voltage. In the display with a monochromatic light source, a
transmission factor in the presence of applied voltage is about
48% and a transmission factor in the absence of applied
voltage is about 6%, respectively at a wavelength of 540 nm
at which a transmission factor ratio of the presence of applied
voltage to the absence of applied voltage is highest. There-
fore, a contrast ratio is about 8 at a maximum, and it is difficult
to obtain a high contrast ratio.

[0050] The present inventor has paid attention to the mini-
mum value of a transmission factor in the absence of applied
voltage. If a minimum value of a transmission factor in the
absence of applied voltage can be set as near at 0% as possible
when using as a back light a light source which emits chro-
matic color light having a wavelength at the minimum value,
the chromatic color is shielded in the absence of applied
voltage, and transmitted in the presence of applied voltage. It
is therefore possible to manufacture a liquid crystal display of
a normally black having a high contrast ratio.

[0051] Through studies of various layouts of polarizers, the
present inventor has found that excellent characteristics can
be exhibited in the layout having an angle of 90° as a sum of
angles (smaller angles) between alignment directions of lig-
uid crystal molecules contacting upper and lower substrates
of a liquid crystal display and polarizing axis directions of
polarizers in proximity to the substrates. It has been found
that if this condition is satisfied, there exists a wavelength at
which a transmission factor is nearly 0% in the transmission
factor spectra il the absence of applied voltage.

[0052] Description will be made hereunder on examples
assuming using as a back light a red light having a center of
emission wavelength of 630 nm or a green light having a
center of emission wavelength of 550 nm. A retardation of a
cell is selected in such a maimer that a wavelength at a
transmission factor of 0% or a wavelength taking a minimum
value sufficiently small enough to realize normally black
becomes coincident with a wavelength of the emission peak
of a back light. A retardation of a cell can be adjusted by
changing a cell thickness or a birefringence of a liquid crystal
layer. The birefringence can be adjusted as desired by chang-
ing liquid crystal material or mixing liquid crystal materials
having different characteristics, in the allowable range nor-
mally used as the material of a liquid crystal display unit
[0053] FIG. 3A is a schematic plan view of an STN-LCD,
showing a relation between alignment directions of liquid
crystal molecules and polarizing axis directions of the polar-
izers of STN-LCD. As shown, a twist angle TW of liquid
crystal is 270° A smaller angle a of two angles between an
alignment direction AL1 of liquid crystal molecules contact-
ing an upper substrate and a polarizing axis direction P1 of an
upper polarizer is 45°, and a smaller angle b of two angles
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between an in-plane alignment direction AL2 ofliquid crystal
molecules contacting a lower substrate and a polarizing axis
direction P2 of a lower polarizer is 45°.

[0054] FIG. 3B is a graph showing transmission factor
spectra generally in a visible wavelength range of the liquid
crystal display shown in FIG. 3A. As shown, a transmission
factor spectrum in the absence of applied voltage has a mini-
mum value of 0% at a wavelength of 630 nm. By using an
LED at this wavelength as a back light, light from the back
light can be shielded in the absence of applied voltage so that
normally black can be realized. A transmission factor in the
presence of applied voltage is about 42% at a wavelength of
630 nm so that a high contrast ratio can be realized.

[0055] A retardation of the liquid crystal cell is 847 nm.
[0056] An angle a+b is not necessarily required to be 90°.
The present inventor has studied a preferable angle a+b.
[0057] FIG. 4 is a graph showing a transmission factor
relative to an angle a+b of a liquid crystal display unit at a
wavelength of 630 nm in the absence of applied voltage.
Various samples having different polarizer polarizing angles
were manufactured, and displays were observed. It has been
found that a sample having a minimum value of transmission
factor of not larger than 0.3% in the absence of applied volt-
age is suitable for a liquid crystal display unit. In order to
satisfy this condition, it can be seen from the graph that it is
sufficient if the angle a+b is 90°+7° (first condition).

[0058] An STN-LCD manufactured under the first condi-
tion has a high contrast ratio when viewed from the front side.
The inventor has studied the condition of obtaining good
display also in the case in which the viewing angle is moved
up/down and right/left, because the characteristics of viewing
angle particularly along the right/left directions are important
for applications to vehicle mount.

[0059] FIG. 5A shows the characteristics of transmission
factor versus viewing angle in the right/left directions of the
270° STN-LCD shown in FIG. 3 A at a wavelength of 630 nm.
The abscissa represents an angle using the positive direction
as the right direction viewed from the front side. As shown, as
the right/left angles become large, difference of a transmis-
sion factor between the absence and presence of applied
voltage reduces and a contrast ratio lowers. Transmission
factors of the absence and presence of applied voltage are
reversed at right/left angles larger than about 60°.

[0060] FIG. 5B shows characteristics of the transmission
factor versus viewing angle in the up/down directions of the
270° STN-LCD shown in FIG. 3A at a wavelength of 630 nm.
The abscissa represents an angle using the positive direction
as the up direction viewed from the front side. As shown, a
transmission factor in the presence of applied voltage is
asymmetrical relative to the viewing angle in the up/down
directions. A transmission factor in the absence of applied
voltage is generally symmetrical lip to about a viewing angle
of about 30° relative to the up/down directions, and has a
sufficient light shield ability.

[0061] The light shield ability takes an important role in a
contrast ratio of LCD. In the embodiment, the better it is that
a minimum value of the transmission factor in the absence of
applied voltage is as near to 0% as possible. The present
inventor has paid attention to a transmission factor in the
absence of applied voltage, and has studied the transmission
factor spectra generally in the visible wavelength range by
using a viewing angle as a parameter.

[0062] FIG. 6 shows the transmission factor spectra gener-
ally in the visible wavelength range and in the absence of
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applied voltage of the 270° STN-LCD shown in FIG. 3A. The
transmission factor spectra shown in FIG. 6 are obtained by
moving a viewing angle along the right/left directions relative
to the front side, by using as a parameter a viewing angle at a
pitch of 20° up to 60°. In FIG. 6, “normal” corresponds to 0°.

[0063] As shown, at a viewing angle of 20°, the transmis-
sion factor spectra in both the right/down directions do not
have a large difference from the transmission factor spectrum
at the viewing angle of 0°. As the viewing angle is moved
largely to 40° or to 60°, the transmission factor spectrum is
gradually shifted. A minimum value of the transmission fac-
tor is about 2% at a viewing angle of 40°, and about 8 to 9%
at a viewing angle of 60°, and as the liquid crystal display is
viewed at these angles, optical through occurs.

[0064] Description will be made on the transmission factor
spectra when the viewing angle is moved along the left/up
directions not shown in FIG. 6. The transmission factor spec-
tra when the viewing angle is moved along the left direction
are considered to be almost similar to those when the viewing
angle is moved along the right direction from the results
shown in FIG. 5A. The transmission factor spectra when the
viewing angle is moved along the up direction are considered
to be almost similar to those when the viewing angle is moved
along the down direction, at least up to a view angle of about
30°, from the results shown in FIG. 5B. The transmission
factor spectra when the viewing angle is moved down not
lower than 30° may be different from those when the viewing
angle is moved in the down direction or almost symmetrical
(depending upon a pretilt angle of the crystal layer).

[0065] The present inventor has studied how the character-
istics of transmission factor versus viewing angle in the
absence of applied voltage change with a twist angle of the
liquid crystal layer. During the studies the characteristics of
transmission factor versus viewing angle have also been stud-
ied not only for STN-LCD but also for 90°-twist TN-LCD.

[0066] FIG. 7A is a schematic plan view of 90° TN-LCD,
and shows liquid crystal molecule alignment directions and
polarizer polarizing axis directions on both sides of upper and
lower substrates. Liquid crystal molecules of 90° TN-LCD
shown in FIG. 7A are twisted by 90° and the polarizing axes
of the upper and lower polarizer are parallel.

[0067] FIG. 7B shows the transmission factor spectra of
90° TN-LCD generally in the visible wavelength range and in
the absence of applied voltage. The factors and parameter
shown in FIG. 7B are similar to those shown in FIG. 6. In the
example shown in FIGS. 7A and 7B, red color display in
black color background is realized as viewed from the front
side (viewing angle of 0°), wherein the polarizers are dis-
posed in the polarizing axis directions shown in FIG. 7A
relative to the TN cell having a twist angle of 90° and a
retardation And of about 0.555 um and ared color light having
a emission peak at 630 nm is used as a back light.

[0068] As shown in FIG. 7B, however, the transmission
factor spectrum shifts largely as the viewing angle is moved
by 40° or 60°. A transmission factor in the absence of applied
voltage at a wavelength of 630 nm is about 2% at a viewing
angle of 40°, and about 8% at a viewing angle of 60°. It is
therefore difficult to realize good characteristics of viewing
angle.

[0069] FIG. 8 shows the transmission factor spectra of 180°
STN-LCD generally in the visible wavelength range and in
the absence of applied voltage. A retardation of the liquid
crystal cell is 0.847 pm. As shown, in the case of 180°-twist,
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a shift of the transmission factor spectrum is small at a view-
ing angle of 40°, and a minimum value is maintained gener-
ally at 0%.

[0070] The present inventor has studied a preferable twist
angle of STN-LCD by considering from the above results that
there exists an optimum range of the characteristics of trans-
mission factor versus viewing angle in the absence of applied
voltage and a twist angle of the liquid crystal layer.

[0071] FIG. 9 shows the characteristics of transmission
factor versus twist angle of STN-CLD at a wavelength of 630
nm by using a viewing angle as a parameter.

[0072] In order to realize display having wide characteris-
tics of viewing angle, it is preferable to realize a low trans-
mission factor in the absence of applied voltage at a viewing
angle not higher than 40° in both the down/right directions.
Display devices manufactured under various conditions were
observed. It has been found that display is good if a minimum
of transmission factor lower than 1% is realized within the
viewing angle range of 40°. In FIG. 9, a twist angle is 155° to
210° at a minimum of transmission factor lower than 1% and
at the viewing angle of 40° in the down/right directions (sec-
ond condition).

[0073] The present inventor has limited further a preferable
twist angle. Since characteristics of viewing angle in the
right/left directions are considered important for a vehicle
mount display, it is desired that a minimum of transmission
factor in the absence of applied voltage is as small as possible
in the viewing angle range of 40° in the right/left directions.
Display devices manufactured under various conditions from
this viewpoint were observed. It has been found that charac-
teristics of viewing angle of a vehicle mount display device
are improved further if a minimum of transmission factor is
not higher than 0.3% in the viewing angle range of 40° in the
right/left directions. In FIG. 9 a twist angle is 170° to 200° at
a minimum transmission factor not higher than 0.3% and at
the viewing angle of 40° in the right/left directions (in FIG. 9,
in the right direction. As already described, characteristics of
viewing angle in the right/left directions are expected to be
generally symmetrical).

[0074] Description will be made on a liquid crystal display
unit satisfying the first and second conditions and a red color
light as a back light at a wavelength of 630 nm of emission
peak with a liquid crystal cell.

First Embodiment

[0075] FIG. 10A is a schematic plan view of STN-LCD,
and shows liquid crystal molecule alignment directions and
polarizer polarizing axis directions on both sides of upper and
lower substrates. As shown, a liquid crystal twist angle is
180°. A smaller angle a of two angles between an alignment
direction AL1 of liquid crystal molecules contacting an upper
substrate and a polarizing axis direction P1 of an upper polar-
izer is 45°, and a smaller angle b of two angles between an
alignment direction AL2 of liquid crystal molecules contact-
ing a lower substrate and a polarizing axis direction P2 of a
lower polarizer is also 45°. A retardation of the liquid crystal
cell is 713 nm.

[0076] FIG. 10B shows the characteristics of transmission
factor versus viewing angle of the liquid crystal display unit at
a wavelength of 630 nm. As shown, a minimum of transmis-
sion factor is maintained not higher than 1% within the view-
ing angle range of 40° both in the up/down directions and
right/left directions. It is also known that a minimum of trans-
mission factor is maintained not higher than 1% within the
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viewing angle range of 60° both in the right/left directions,
providing good characteristics of viewing angle.

Second Embodiment

[0077] Another embodiment will be described using a red
color light of a wavelength of emission peak of 630 nm as a
back light with a liquid crystal cell.

[0078] FIG. 11A is a schematic plan view of STN-LCD,
and shows liquid crystal molecule alignment directions and
polarizer polarizing axis directions on both sides of upper and
lower substrates. As shown, a liquid crystal twist angle is
190°. A smaller angle a of two angles between an alignment
direction AL1 of liquid crystal molecules contacting an upper
substrate and a polarizing axis direction P1 of an upper polar-
izer is 50°, and a smaller angle b of two angles between an
alignment direction AL2 of liquid crystal molecules contact-
ing a lower substrate and a polarizing axis direction P2 of a
lower polarizer is also 40°.

[0079] FIG. 11B shows the characteristics of transmission
factor versus viewing angle of the liquid crystal display unit at
a wavelength of 630 nm. As shown, a good minimum of
transmission factor is maintained within the viewing angle
range of 40° both in the up/down directions and right/left
directions. It is also known that a minimum of transmission
factor is maintained not higher than 1% within the viewing
angle range of 80° both in the right/left directions, providing
good characteristics of viewing angle.

Third Embodiment

[0080] Another embodiment will be described using a
green color light of a wavelength of emission peak of 630 nm
as a back light with a liquid crystal cell. A combination of
liquid crystal molecule alignment directions and polarizer
polarizing axis directions of STN-LCD and a liquid crystal
twist angle are similar to those of the second embodiment. By
setting a cell retardation to 0.614 pm. it was adjusted in such
amanner that a minimum value of a transmission factor in the
absence of applied voltage appeared at a wavelength of 550
nm.

[0081] FIG. 12 shows the characteristics of transmission
factor versus viewing angle of the liquid crystal display unit at
awavelength of 550 nm. As shown, a good minimum value of
transmission factor is maintained within the viewing angle
range of 40° both in the up/down directions and right/left
directions. It is also known that a minimum value of trans-
mission factor is maintained not higher than 1% within the
viewing angle range of about 75° both in the right/left direc-
tions, providing good characteristics of viewing angle.
[0082] A light source having a different emission peak may
be used as the back light if the following conditions are
satisfied.

[0083] (1) An STN type liquid crystal display unit is used
having a twist angle of a liquid crystal layer of 155° to 210°.
[0084] (2) The liquid crystal molecule alignment directions
of the liquid crystal layer and the polarizer polarizing axis
directions are not the same, and a sum of the upper substrate
side angle (angle a) and the lower substrate side angle (angle
b) regarding the smaller angles between the alignment direc-
tion and polarizing direction is 90°+7°.

[0085] (3) A retardation of the cell can be adjusted in such
a manner that a wavelength at which a minimum value of
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transmission factor in the absence of applied voltage takes a
minimum value exists in the emission wavelength range of
the back light.
[0086] FIG. 13 shows the transmission factor spectra in the
absence of applied voltage and in the presence of applied
voltage of the first embodiment. A minimum value of trans-
mission factor in the absence of applied voltage is almost 0%
at a wavelength of 630 nm, realizing a high contrast ratio. A
transmission factor in the presence of applied voltage is as
low as about 14%. If this value can be made high a liquid
crystal display unit having better performance can be pro-
vided.
[0087] The present inventor has studied a condition (third
condition) for increasing a transmission factor in the presence
of applied voltages in addition to the first and second condi-
tions.
[0088] FIG. 14 shows an optimum retardation range rela-
tive to a wavelength of emission peak. Three straight lines in
FIG. 14 obtained by plotting optimum retardations providing
a high transmission factor in the presence of applied voltage
at each of liquid crystal twist angles of 155°, 180° and 210°
and interconnecting plots by three straight lines. The opti-
mum retardation is intended to mean a retardation providing
as high a transmission factor in the presence of applied volt-
age as possible in the range not hindering a liquid crystal cell
operation as judged by the present inventor.
[0089] At the same wavelength, the optimum retardation is
largest at the twist angle of 155°, and is smallest at the twist
angle of 210°. Between these optimum retardations, there
exists the optimum retardation at the twist angle of 180°. Also
between these retardation straight lines, there exist the opti-
mum retardations in a twist angle range of 155° to 210°.
[0090] From these results, the range of a retardation R
satisfying the third condition is given by the following for-
mula (1):

1.95A-200=R=2.13A-185 1)

where A is a wavelength of emission peak of a back light. This
formula indicates a condition necessary for obtaining a high
transmission factor in the presence of applied voltage near at
the wavelength of emission peak of the back light.
[0091] A retardation of the liquid crystal display unit of the
first embodiment is indicated by a cross symbol (x) in FIG.
14.
[0092] The inventor has tried to derive a formula general-
izing the formula (1) of 1.95A-200=R=2.13A-185. It is
assumed that a retardation function represented by a wave-
length A function can be approximated to a formula (2).
R=AAT)h+g(T) @
by using temporary functions of a twist angle T(°):

AT=aT+b

g(T)y=cT+d

[0093] The formula (1) is substituted into the retardation
formulas (3) and (4) at the twist angles of 155° and 210°:

R=2.13A-185 ®3)
R=1.95A-200 4)
to form simultaneous equations (5-1) to (6-2):

AU55)=155a+b=2.13 (5-1)

A210)=210a+b-1.95 (5-2)
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A155)-155c+d=-185 (6-1)
A210)=210c+d=-200 (6-2)

These equations are solved to obtain:

R=(-0.00327T42.637)A-0.27277-142.7 (155=T=<2.
10) @

[0094] This formula shows an optimum value of a retarda-
tion, and the value in the range of 90% to to 110% of the
formula(7) is expected to be the condition (third condition)
necessary for increasing a transmission factor in the presence
of applied voltage.

[0095] Studies are made on the liquid crystal display unit
having a twist angle of 180°, an angle a=45°, an angle b=45°,
and a wavelength of emission peak of 630 nm of a single
wavelength light source by considering the above-described
three conditions In the foregoing, the plus/minus sign of an
angle between a liquid crystal molecule alignment direction
and a polarizer polarizing axis direction is not considered. In
the following, however, the plus/minus sign of an angle is
incorporated in the studies. The upper substrate side angle of
the smaller angle relative to the polarizer polarizing direction
is represented by an angle ¢, and the lower substrate side angle
is represented by an angle d (Icl=a, Id|=b). This is because the
plus/minus sign of the angle influences a retardation of a
liquid crystal cell. An angle has a plus sign for the counter-
clockwise direction from the liquid crystal molecule align-
ment direction toward the polarizer polarizing direction.
[0096] FIGS. 15A to 15D show liquid crystal molecule
alignment directions and polarizer polarizing axis directions
of liquid crystal display units (where FIG. 15A is equivalent
to FIG. 15D). When considering the plus/minus sign of angles
c and d, there are the following combinations (15-1) to (15-4)
of angles (corresponding to FIGS. 15A to 15D):

c=+45°, d=+45° (15-1)
c=45°, d=-45° (15-2)
c=-45°, d=+45° (15-3)
c=-45°, d=-45° (15-4)
[0097] These four angle combinations satisty the first and

second conditions. Studies are made on whether a retardation
of a liquid crystal cell satisfies the third condition.

[0098] Retardations of the combinations (15-1) and (15-4)
are 713 nm which does not satisfy the third condition.
[0099] Retardations of the combinations (15-2) and (15-3)
are 1110 nm which satisfies the third condition. These two
combinations are adopted as the fourth embodiment.

[0100] In the fourth embodiment, the angles ¢ and d are
opposite.

[0101] FIG. 16 shows the transmission factor spectra of the
fourth embodiment. As shown, a transmission factor spec-
trum in the absence of applied voltage has a minimum value
of almost 0% at a wavelength of 630 nm. A transmission
factor in the presence of applied voltage at the same wave-
length has a high value of about 50%. It can therefore be said
that a light shield performance in the absence of applied
voltage is high and a contrast ratio is high.

[0102] FIG. 17A shows transmission factor curves when a
viewing angle is moved in the up/down directions, and FIG.
17B shows transmission factor curves when a viewing angle
is moved in the right/left directions.
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[0103] Reference is made to FIG. 17A. As the viewing
angle is moved in the up/down directions a minimum value of
transmission factor in the absence of applied voltage is main-
tained not higher than 1% (a minimum value of transmission
factor at which characteristics of viewing angle are good in
the second condition) in the viewing angle range of -40° to
40°. A transmission factor in the presence of applied voltage
is not lower than 30% in the viewing angle range of -40° to
40°, and symmetry is not so bad. It can therefore be said from
these results that characteristics of viewing angle in the
up/down directions are good. Reference is made to FIG. 17B.
As the viewing angle is moved in the right/left directions, a
minimum value of transmission factor in the absence of
applied voltage is generally symmetrical in the right/left
directions and maintained not higher than 2% in the viewing
angle range of —-50° to 50°. A transmission factor in the
presence of applied voltage is almost symmetrical in the
viewing angle range of —80° to 80°. It can therefore be said
from these results that characteristics of viewing angle in the
right/left directions are also good.

[0104] As the third condition is satisfied in addition to the
first and second conditions, it is possible to provide a liquid
crystal display unit having a good light shield performance in
the absence of applied voltage, good characteristics of view-
ing angle, and a high contrast ratio.

[0105] Combinations of various angles providing an angle
a+b=90° have been studied, and it has been found that a
transmission factor in the presence of applied voltage
becomes highest at the combination of a=b=45°.

[0106] Studies are made on a liquid crystal display unit
having a twist angle of 180°, an angle a=45°, an angle b=45°,
and an emission peak wavelength of 630 nm of a single
wavelength light source.

[0107] FIGS. 18A to 18D show liquid crystal molecule
alignment directions and polarizer polarizing axis directions
of liquid crystal display units. Similar to the fourth embodi-
ment, when considering the plus/minus sign of angles c and d,
there are the following combinations (18-1) to (18-4) of
angles (corresponding to FIGS. 18A to 18D):

C=+45°, d=445° (18-1)
c=-45°, d=-45° (18-2)
c=-45°, d=445° (18-3)
c=-45°, d=-45° (18-4)
[0108] These four angle combinations satisty the first and

second conditions. Studies are made on whether a retardation
of a liquid crystal cell satisfies the third condition.

[0109] Retardations of the combinations (18-1) and (18-4)
are 683 nm which does not satisfy the third condition.
[0110] Retardations of the combinations (18-2) and (18-3)
are 1086 nm which satisfies the third condition. These two
combinations are adopted as the fifth embodiment.

[0111] Similar to the fourth embodiment, also in the fifth
embodiment, the angles ¢ and d are opposite.

[0112] FIG. 19 shows the transmission factor spectra of the
fifth embodiment. As shown a transmission factor spectrum
in the absence of applied voltage has a minimum value of
almost 0% at a wavelength of 630 nm. A transmission factor
in the presence of applied voltage at the same wavelength has
a high value of about 49%. It can therefore be said that a light
shield performance in the absence of applied voltage is high
and a contrast ratio is high.
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[0113] FIG. 20A shows transmission factor curves when a
viewing angle is moved in the up/down directions, and FIG.
20B shows transmission factor curves when a viewing angle
is moved in the right/left directions.

[0114] Reference is made to FIG. 20A. As the viewing
angle is moved in the up/down directions, a minimum value of
transmission factor in the absence of applied voltage is main-
tained at 1% in the viewing angle range of —-80° to 70°.
Although a transmission factor in the presence of applied
voltage is slightly shifted from symmetry, it is maintained not
lower than about 32% in the viewing angle range of -40° to
40°. It can therefore be said from these results that the char-
acteristics of viewing angle in the up/down directions are
good.

[0115] Reference is made to FIG. 20B. As the viewing
angle is moved in the right/left directions, a minimum value
of transmission factor in the absence of applied voltage is
generally symmetrical in the right/left directions and main-
tained not higher than 1% in the viewing angle range of —50°
to 50°. A transmission factor in the presence of applied volt-
age is almost symmetrical in the viewing angle range of -80°
to 80°. It can therefore be said from these results that the
characteristics of viewing angle in the right/left directions are
also good.

[0116] A wavelength of emission peak of a monochromatic
light source is not limited to 630 nm. Description will be
made on a liquid crystal display unit using a single wave-
length light source having an emission peak at a wavelength
of 550 nm according to the sixth embodiment.

[0117] The sixth embodiment has a liquid crystal cell struc-
ture and a combination of the angles ¢ and d similar to those
of the fifth embodiment and has a different retardation. A
retardation of the cell is set to 917 nm so as to make a
minimum value of a transmission factor in the absence of
applied voltage be coincide with an emission peak wave-
length 550 nm.

[0118] FIG. 21 shows transmission factor spectra of the
sixth embodiment. As shown, a transmission factor spectrum
in the absence of applied voltage has a minimum value of
almost 0% at a wavelength of 550 nm. A transmission factor
in the presence of applied voltage at the same wavelength has
a high value of about 50%. It can therefore be said that a light
shield performance in the absence of applied voltage is high
and a contrast ratio is high.

[0119] The embodiments described above are expected to
be applied to a liquid crystal display part of a multiplex drive
method having a select voltage applying part, a non-select
voltage applying part and a no-voltage applying unit provided
in the liquid crystal cell. In this case, it is preferable that a
liquid crystal alignment state in the select voltage applying
part is made to be coincident with a liquid crystal alignment
state in the non-select voltage applying part as much as pos-
sible, for high contrast and low cross talk.

[0120] FIG. 22A is a diagram showing a relation between
in-plane alignment directions of liquid crystal molecules and
polarizer polarizing axis directions of STN-LCD according to
a comparative example. As shown, a liquid crystal twist angle
TW is 270°. A smaller angle a of two angles between an
alignment direction AL1 of liquid crystal molecules contact-
ing an upper substrate and a polarizing axis direction P1 ofan
upper polarizer is 30°, and a smaller angle b of two angles
between an alignment direction AL2 of liquid crystal mol-
ecules contacting a lower substrate and a polarizing axis
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direction P2 of a lower polarizer is 30°. A retardation R ofthe
liquid crystal cell of the comparative example is 0.952 um.
[0121] FIG. 22B shows transmission factor spectra in the
wavelength range including the visible wavelength range of
the liquid crystal display shown in FIG. 22A. As shown, a
transmission factor Toff in the absence of applied voltage has
a minimum value of about 6% at a wavelength of 630 nm.
Even if LED at this wavelength is used as a back light, a
portion of light of the back light in the absence of applied
voltage transmits so that normally black cannot be realized. A
transmission factor Ton in the presence of applied voltage is
about 50% at a wavelength of 630 nm, and a contrast ratio is
about 8.

[0122] FIGS. 23A and 23B show examples of a vehicle
mount liquid crystal displays Many vehicle mount liquid
crystal displays are of a simple matrix type, a segment type, or
a single matrix+segment type. For example, red display of a
normally black mode is used for display of a vehicle mount air
conditioner.

[0123] FIG. 23A shows a display example of the liquid
crystal display adopting the comparative example, and FIG.
23B shows a display example of the liquid crystal display
adopting the first embodiment. It can be seen that a display
example of the liquid crystal display adopting the first
embodiment has a higher contrast ratio with black back-
ground.

[0124] The present invention has been described in connec-
tion with the preferred embodiments. The invention is not
limited only to the above embodiments. For example, as a
monochromatic light source, a laser may be used instead of
LED.

[0125] It will be apparent to those skilled in the art that
other various modifications, improvements, combinations
and the like can be made.

What are claimed are:

1. An STN liquid crystal display comprising:

a back light using a monochromatic light source for emit-
ting monochromatic light; and

a liquid crystal display cell including opposing first and
second transparent substrates, first and second transpar-
ent electrodes formed above opposing surfaces of the
first and second transparent substrates, respectively, first
and second alignment films formed above the first and
second transparent substrates respectively, covering the
first and second transparent electrodes, a liquid crystal
layer containing chiral agent and squeezed between the
first and second transparent substrates, and first and
second polarizers disposed outside the first and second
transparent substrates, respectively

wherein:

atwistangle of liquid crystal molecules of the liquid crystal
layer is 155° to 210°, and

a first angle between a polarizing axis direction of the first
polarizer and an alignment direction of liquid crystal
molecules of the liquid crystal layer in contact with the
first transparent substrate and a second angle between a
polarizing axis direction of the second polarizer and an
alignment direction of liquid crystal molecules of the
liquid crystal layer in contact with the second transpar-
ent substrate are each larger than 0° and smaller than
90°, and a sum of the first and second angles is 90°+7°.

2. The liquid crystal display according to claim 1, wherein

a retardation R (nm) of the liquid crystal display unit exists
90%, to 10% of below equation:
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R=(~0.00327T+2.637)A-0.2727T-142.7
(155=T=210)

where A(nm) is an emission peak wavelength of said mono-
chromatic light source and T (°) is the twist angle of liquid
crystal molecules of said liquid crystal layer.

3. The liquid crystal display according to claim 2, wherein
the twist angle of liquid crystal molecules of said liquid
crystal layer is 170° to 200°.

4. The liquid crystal display according to claim 2, wherein
an optical transmission factor spectrum of said liquid crystal
display cell has a minimum value at an emission wavelength
of said monochromatic light source.

5. The liquid crystal display according to claim 2, wherein
the monochromatic light is red color light or green color light.
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6. The liquid crystal display according to claim 2, wherein
the liquid crystal display unit is used as a vehicle mount
display device.

7. The liquid crystal display according to claim 2, wherein
at a position contacting said first and second transparent sub-
strates, an angle between the liquid crystal molecule align-
ment direction of said liquid crystal layer and the polarizer
polarizing axis direction is approximately 45° for both sides
of'said first and second transparent substrates.

8. The liquid crystal display according to claim 2, wherein
at a position contacting said first and second transparent sub-
strates, an angle between the liquid crystal molecule align-
ment direction of said liquid crystal layer and the polarizer
polarizing axis direction is opposite on each side of said first
and second transparent substrates.
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