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A LIQUID CRYSTAL DISPLAY DEVICE 

This invention relates to a Liquid crystal display 
device. 

Japanese Laid Open Patent Specification No. 

60-50511 discloses a super twisted nematic Liquid 

crystal display device which has a twist angle of the 

liquid crystal molecule of more than. 90°; and a pair of 
polarisers provided on upper and lower liquid crystal 
cells. An angle between the polarising axes (absorption 
axes) and the axis direction of the liquid crystal 
molecule adjacent to the electrode substrate falls 

within a range of 30° to 60°. Therefore, because of 

birefringence, when the liquid crystal display device is 

in the state of not applying voltage, its appearance is 

not ~hite and instead its appearance is green to reddish 

yellow. Furthermore, when the liquid crystal device is 
in the state of applying voltage, its appearance is. not 

black but instead its appearance is blue. More 

specifically, the known liquid crystal display device 
becomes green, yellowish green, yellow or reddish yellow 

in the positive display state and, when a selecting 

voltage is applied, the liquid crystal display device 

becomes blue or dark blue. The colour of the liquid 

crystal display device becomes dark blue in a negative 
display state and, when the ~electing voltage is 
applied, the colour turns to yellow. These above 

mentioned colours are not desirable as display colour~. 
White and black are· the most suitable display colours 

for a liquid crystal display device. 

There is a need for a liquid crystal display 
device having a monochrome black and white display and, 
in one aspect of the invention, it is an aim of the 
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present invention to prov;de such a device having a 

•onochrome black and white display in the positive and 

negative display states. 

Accordingly, this invention provides a liquid 

crystal display device comprising a liquid crystal cell 

formed of a twist nematic liquid crystal positioned 

between two electrode substrates, and a pair of 

polarisers which are located one on either side of the 

liquid crystal cell, characterised in that at least one 

layer of an optically anisotropic substance is provided 

between the pair of p~larisers in addition to the twist 

nematic liquid crystal. 
The optically anisotropic substance may be a 

liquid crystal which is oriented between two opposite 

substrates. The optically anisotropic substance may be 
in a polymeric film state. 

If desired, the optically anisotropic substance 

may be twisted in a different direction from the twist 

direction of the twist nematic liquid crystal. 
If more than two layers of the optically 

anisotropic substance are used, the directions of light 
axes between at least two layers are preferably 
different. 

The li~uid crystal display device may be one 
wherein each direction of each light axis on a surface 
adjacent to the twist nematic liquid crystal is 
substantially perpendicular to or is substantially 

parallel to the optically anisotropic substance. 

In order to facilitate a full and complete 

understanding of the invention, reference will now be 
made to the accompanying drawings and to the following 

Examples. In the accompanying drawings: 
Figure 1 is ~ sectional view showing schematically 

the structure of a liquid crystal display device 
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according to the present invention; 

figure 2 shows the relationship of each axis of a 

liquid crystal display device according to the present 

invention; 
figure 3 shows the relationship of each axis of a 

lfquid crystal display device according to prior art; 

Figure 4 shows the refationship between the 

external wavelength and the transmission according to a 

prior liquid crystal display device; 
Figure 5 shows the twist angle and the region 

of An x d of the A-cell of the liquid crystal display 
device according to Example 1; 

figure 6 shows the relationship between the 

external wavelength and the transmission of the liquid 
crystal display device according to Example 2; 

Figure 7 shows the relationshi~ between the 

external wavelength and the transmission of the liquid 
crystal display device according to Example 3; 

Figure 8 shows the relationship between the 

external wavelength and the transmitting state of the 

liquid crystal display device according to Example 4; 

Figure 9 shows the relationship between the twist 

angle and the region of An x d of the liquid crystal of 
the A-cell of the liquid crystal display device 

according to Example 5; 

Figure 10 shows the relationship between the 

external wavelength and the transmission of the liquid 

crystal display device according io Example 6; 

Figure 11 shows the relationship between the twist 

angle and the region of .dn x d of the liquid crystal of 
the A-cell of the liquid crystal display device 
according to Example 9; 

Figure 12 shows the relationship between the twist 

angle and the region of Lln x d of the liquid crystal of 
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the A-cell of the liquid crystal display device 

according to Example 10; 

figure 13 shows the relationship between the twist 

angle and the region of An x d of the liquid crystal of 

the A-cell of the liquid crystal display device 

according to Example 11; 
Figure 14 shows the relationship between the twist 

angle and the region of £l. n x d of the liquid crystal of 

the A-cell of the liquid crystal display device 

according to Example 12; 
Figure 15 is a sectional·view showing 

schematically the structure of the liquid crystal 

display device according to Example 14; 
Figure 16 shows a structu~e employing a film state 

polymer layer as the optically anisotropic substance~ 
Figure 17 shows the relationship of ·each axis of a 

liquid crystal display device employing the A-film; 
figure 18 shows schematically a structure where 

the A-film and the polariser are in one body; 
figure 19 shows schematically the structure of 

another liquid crystal display device according to the 
present invention 

Figure 20 shows the "off state" optical 

characteristics of the liquid crystal display device; 
figure 21 illustrates the relationship betveen the 

liquid crystal cell, the polarised substrate, and the 

optically anisotropic substance· in the liquid crystal 

display device shown in Figure 19; 

figure 22 shows a spectrum in which transmission 

is plotted against wavelength; 

Figure 23 shows the spectrum of figure 22 plotted 

on a chromaticity diagram; 

Figure 24 is similar to figure 20 and explains 

further conditions relating to the "off state .. ; 
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Figure 25 is similar to Figure 21 and shovs the 

condition of the structure shown in Figure 24; 

Figure 26 is similar to Figure 22 and shows the 

spectrum of the off state; 
Figure 27 is· similar to Figure 23 and shows a plot 

on the colour coordinate; 
Figure 28 shows the structure of another liquid 

crystal display device according to the present 

invention; 

Figure 29Ca> illustrates dividing the liquid 

crystal layer into many layers; 
Figure 29Cb) illustrates the liquid crystal layers 

which are not twisted; 

Figures 30-32 show the ·transition of the 

polarising state; 

Figure 33 shows the spectrum of a commercially 

available polariser; 
Figure 34 illustrates the driving of a liquid 

crystal display device of the invention; 

Figure 35 shows the structure of the prior art 

liquid crystal display device of Japanese Laid Open 

Patent Specification No. 60-50511; 

Figure 36 is like Figures 20 and 24 and shows 
schematically the off state characteristics of the above 

mentioned prior art super twisted nematic liquid crystal 
display device; 

Figure 37 shows the relationship between the prior 

art super twisted nematic liquid crystal display device 

of Figure 36 and the direction of the polarising axes 
(absorption axes) of the polariser;. 

Figure 38 shows the external appearance spectrum 

of the liquid crystal display device when certain 

angular positions ap~ertain in Figure 37; and 

Figure 39 is the plot of I and II in figure 20 on 

colour coordinates. · 

Referring t~ the drawings, figure 1 is a sectional 
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view showing schematically the structure of a liquid 

crystal display device employing a liquid crystal as the 

optically anisotropic substance in the liquid· crystal 

display device of the present invention. In Figure 1, 
there is. shown an upper polariser 1 and a liquid crystal 

cell 2. The liquid crystal cell 2 has a liquid crystal 

as an optically anisotropic substance san~wiched between 

two substrates, the liquid crystal cell 2 being 

hereinafter referred to as an A-cell. More 

specifically, the A-cell 2 has an upper substrate 3, a 
lower substrate 4, and a liquid crystal 5 which is used 

as the optically anisotropic substance in the A-cell. 
Also shown in Figure 1 is a liquid crystal cell 6 for 

providing a display by applying a voltage. The liquid 
crystal cell 6 is hereinafter referred to as a B-cell. 

The a-cell comprises an upper electrode substrate 7, a 
lower electrode substrate 8 and a liquid crystal 9. As 

shown in Figure 1, the liquid crystal display device 
includes a lower polariser 10. 

Referring now to Figure 2, there is shown the 

relationship of each axis of the liquid crystal display 

device according to the present invention. In Figure 2, 
there is shown a rubbing direction 11 of the lower 

electrode substrate 8 of the B-cell, a rubbing direction 
12 of the upper electrode substrate 7 of the B-cell, a 

rubbing direction 13 of the lower substrate 4 of the A­
cell, a rubbing direction 14 of the upper substrate 3 of 

the A-iell, a direction 15 of the polarising axes 

(absorption axes) of the lower polariser 10, a direction 

16 of the polarising axes (absorption axes> of the upper 

polariser 1, an angle 17 between the direction 16 of the 
polarising axes (absorption axes) of the upper polariser 

1 and the rubbing direction 14 of the upper substrate 3 

of the A-cell, a twist angle 18 of the liquid crystal 5 
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within the A-cell, an angle 19 between the rubbing 

direction 13 of the lower substrate 4 of the A-cell and 

the rubbing direction 12 of the upper electrode 7 

substrate of the a-cell, a twist angle 20 of the liquid 

crystal 9 within the a-cell, and an angle 21 between the 

rubbing· direction 11 of the lower electrode substrate 8 
of the a-cell and the direction 15 of the polarising 

axes (absorption axes> of the lower polariser 10. 

The twist direction of the liquid crystal aolecule 

within each cell is hereinafter shown with the twist 

direction extending towards the bottom from the top of 

the cell. Also, when the selecting or the non-selecting 

voltage is applied by 1/100 duty driving, it is defined 

that the state which has substantial optical 

transmitting power is the "CFF" state, and the state 

which has little optical transmitting power is the "ON" 

state. 

In the liquid crystal display according to the 

present invention, the twist angle of the liquid crystal 

9 of the 9-cell has no limit in size. The practical 

embodiments of the liquid crystal display device 

according to the present invention is as follows. 

As the liquid crystal which is e~ployed in the A­

cell and the a-cell, there can be used phenyl 

cyclohexane, biphenyl cyclohexane species mixing n~matic 

liquid crystal and R-(tl)- COO -~-OR' species mixing 

liquid crystal whose dielectric anisotropy ..t1.E.< O. The 

same liquid crystal can be used for either the A-cell or 

the a-cell. Further, the same effect can be obtained 

even from the using of a different liquid crystal in the 

A-cell and the a-cell. In order to obtain the twist of 

the liquid crystal molecules in the A-cell and the B­

cel l, CB-15 (a product of BDH Company) or S-811 Ca 

product of Merk Company) may be used as an optical 
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activator. 

In the liquid crystal display device according to 
the present invention, when the linearly polarised light 
which passes through one of the pair of polarisers, 
passes through the liquid crystal cell, there results 
elliptically polarised light whose oblateness does not 
coincide with the direction of the long axis due to the 
wavelength. Then, the elliptically polarised light is 
passed through the optically anisotropic substance. The 
light which passes through the optically anisotropic 
substance has a large oblateness in the range from about 
400nm to about 700nm. Further, the light becomes 
elliptically polarised tight whose direction in the long 
axis is almost uniform. Light which passes through the 
other polariser has a small difference of trans•ission 
due to the wavelength, and the light becomes white in 
colour. Even at the time when the selecting voltage is 
applied, when the linearly polarised light which passes 
through one of the pair of polarisers, passes through 
the liquid crystal cell, elliptically polarised light is 
produced whose oblateness does not coincide with the 
direction of the long axis due to the wavelength. Then, 
when the light passes through the optically anisotropic 
substance, there can be obtained the elliptically 
polarised substance whose oblateness is large, and whose 
direction in the long axis is almost uniform. At this 
time, since the direction of the long axis of the 
elliptically polarised light is twisted at the angle of 
about 90° with respect to the direction of the long 
axis of the elliptically polarised light at the time 
when the voltage is not applied, the direction of the 
polarising axis of the polariser is determined at the 
suitable value, thereby enabling the liquid crystal 
display device to give a monochrome display. 
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The state (the oblateness, the direction of the 
long axis> of the polarised light which is emitted from 
the optically anisotropic substance will now be 
described. 

Firstly, when two linearly polarised lights which 
vi.brate in a direction perpendicular to each other are 
synthesised, elliptically polarised light which vibrates 
on the ellipse can be obtained. The elliptically 
polarised light can be obtained by the following 
formulas. 

X = A sin wt + 8 cos wt 

Y = C sin wt + D cos·vt 
(wt is a circular frequency) 

(1) 

(2) 

Secondly, the elliptically polarised light which 
passes through the uniaxial optically anisotropi~ 
substance (the bir~fringence is represented as 
~n = n11 -n1 and the layer thickness is represented as 

d) can be obtained by the following formulas. 
Xm =A sin (wt+ 2'1r·¥> + B cos ·Cwt+ 2-ir·7"> (3) 

Ym = C sin Cwt + 21t ·~ > + O cos Cwt + 241r·"~> <4> 
C ;\is a wavelength of the light) 

In the case of ~he twist orientated liquid crystal 
layer, the state of the polarised light at the tiae of 
passing through each layer is calculated successively by 

laminating. a uniaxial optically anisotropic substance 

Cit is defined that the birefringence is .l n = "11 -n1 
and the layer thickness is d) represented as the apove 
formulas (3) and (4) at the rotating angle (the amount 
thereof becomes the twist angle of the liquid crystal 
layer). Thus, the state at the time of passing through 
the liquid crystal layer is found. 

The state of vibration at the number of m+1th can 
be found by the following formulas. 

X m+1 = Xm cos 0+ Ym sine (5) 
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Y m+1 = -Xm sin 6+ Ym cos0 (6) 

The state of the elliptically polarised light 
which passes through the optically anisotropic substance 
comprising the liquid crystal layer or the like can be 
found by the method of substituting the for•ul~s (3) and· 
(4) to Xm and Ym in the formulas CS> and C6>. In the 
pre~ent invention, the state of the elliptically 
polarised light is calculated at the intervals of the 
wavelength of each light. Then the state of the light 
which is emitted, is shown in the spectrum. The 
elliptical shape of the light and the long axis 
direction may also be determined. Since the spectrum 
has little difference in the transmission amount between 
each wavelength, the emitted Light becomes close to the 
required white colour. 

As a result of the above, Figures 5, 9, and 11 to 
14 show the best suitable conditions. These Figures 
show the desirable ·range of the twist angle and An x d 
of the optically anisotropic substance using the liquid 
crystal at the time of determining the twist angle and 
.6 n x d of t he l i q·u i d c r y s t a l c e l l p e r f o rm i n g t he 
display. 

EXAMPLE 1 

In Figure 2, it is defin~d that th~ twist angle 20 
of the liquid crystal of the a-cell is about 200° to the 
-(eft direction, An x dis about 0.9}Jm, the angle 19 is 
about 90°, the angle 17 is from 30° to 60°, and the . . 
angle 21 is from 30° to 60°. When the twist angle 18 
and .6.n x d of the liquid crystal of the A-cell are 
defined as the region which is marked with the oblique 
lines as shown in Figure 5, a liquid crystal display 
device can be obtained wherein it becomes white in 
colour in the "OFF" state but becomes black in colour in 
the 11 0N .. state. 
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EXAMPLE 2 

In Example 1, it is defined that the angle 17 of 

Figure 2 is about 40°, the twist angle 18 of the liquid 

crystal molecule is about 140° to the right direction, 

the· angle 19 is about 90°, the twist angle 20 of the 

liquid crystal molecule is about 200° to the left 
direction, the ~ogle 21 is about 40°, An x d of the 

liquid crystal layer of the A-cell is about 0.7 .,am, and 
.6n x d of the liquid crystal layer of the B-cell is 
about 0.9p m. Figure 6 shows the external spectrum of 
the liquid crystal display device thereupon. In Figure 

6, the curve I shows the "OFF" state, and the curve II 
shows the "ON" state. According to prior art as shown 

in Figure 4, the external spectrum of the liquid crystal 

display device becomes yellow in colour in the "OFF" 

state (curve l), whilst the same becomes blue in colour 

in the "ON" state (curve II>. However, as shown in 

Figure 6, in the liquid crystal display device according 

to the present invention, the external spectrum of the 

liquid crystal display device becomes white in colour in 
the "OFF" state, whilst the same becomes black in colour 
in the "ON" state. 
EXAMPLE 3 

In Example 1, it is defined that the angle 17 of 
Figure 2 is about 40°, the twist angle 18 of the liquid 

crystal molecule is about 200° to the right direction, 

the angle 19 is abo~t 90°, the twist.angle 20 of th~ 
liquid crystal molecule is about 200° to the left 

direction, the angle 21 is about 50°, An x d of the 

liquid crystal layer of the A-cell is about 0.9 pm, and 

.6n x d of the liquid crystal layer of the B-cell is 
about 0.9.um. figure 7 shows the external spectrum of 

the liquid crystal display device thereupon. In Figure 

7, the curve I shows the "OFF" state, whilst the curve 
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II shows "ON" state. In this case, as in Example 2, the 
external spectrum of the liquid crystal display device 
becomes white in colour in the "OFF" state, whilst the 
same becomes black in colour in the "ON" state. 
EXAMPLE 4 

In Example 1, it is defined that the angle 17 of 
Figure 2 is about 40°, the twist angle 18 of the liquid 
crystal molecule is about 260° to the right direction, 
the angle 19 is about 90°, the twist angle 20 of the 
liquid crystal molecule is about 200° to the left 
direction, the angle 21 is about 40°, L1n x d of the 
liquid crystal layer of the A-eel l is about 0.8.JI m, and 
.4 n x d of the liquid crystal layer of the B-cell is 
about 0.9pm. Figure 8 shows the external spectrum of 
the liquid crystal display device thereupon. In Figure 
8, the curve I shows the "OFF" state, whilst the curve 
II shows the "ON" state. In this case, as in Examples 2 
and 3, the external spectrum of the liquid crystal 
display device becomes white in colour in the "OFF" 
state, whilst the same becomes black in colour in the 
"ON" state. 

EXA"PLE S 
In Figure 2, it is defined that the twist angle of 

the liquid crystal of the B-cell 20 is about 250° to the 
left direction, An x d is about 0.9 JJ•, the angle 19 is 
about 90°, the angle 17 is between 30° and 60°, and the 
angle 21 is between 30° and 60°. When the twis~ angle 

18 and ...6.n x d of the liquid crystal of the A-cell are 
defined as the region which is marked with the oblique 
lines as shown in Figure 9, a liquid crystal display 
device can be obtained wherein the external spectrum of 
the liquid crystal display device becomes white in 
colour in the "OFF" state, whilst the same becomes black 
in colour in the "ON" state. 
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EXA"PLE 6 
In Example S, it ~s defined that the angle 17 of 

figure 2 is about 40°, the twist angle 18 of the liquid 
crystal molecule is about 160° to the right direction, 
the angle 19 is about 90°, the twist angle 20 of the 
liquid crystal molecule is about 250° to the left 
direct.ion, the angle 21 is about 40°, 6n x d of the 
liquid crystal layer of the A-cell is about 0.8,JJm, and 
6 n x d of the liquid crystal layer of the-B-cell is 
about 0.9~ m. Figure 10 shows the external spectrum of 
the liquid crystal display device thereupon. In Figure 
10, the curve I shows the "OFF" state, and t_h.e curve II 
shows the "ON" state. In this case, as in Example 2, 
the external spectrum of the liquid crystal display 
device becomes white in colour in the "OFF" stat.e, 
whilst the same becomes black in colour in the "ON" 
state. 

EXA"PLE 1 

In Figure 2, it is defined that the angle 17 is 
about 40°, the twist angle 18 of the liquid crystal 
molecule is about 360° to the right direction, the angle 
19 is about 90°, the twist angle 20 of·the liquid 
crystal molecule is about 250° to the left direction, 
and the angle 21 is about 40°. Further, 4.n x d of the 
liquid crystal layer of the A-cell is about 1.0,,,.11, and 
.6n x d of the liquid crystal layer of the a-cell is 
about 0.9.>Jm• In this case, the external spectrum of 
the liquid crystal display device becomes white in 
colour in the .. Off" state, whilst the same becomes btaclc 
in colour in the .. ON" state. 
EXAMPLE 8 

In Figure 2, it is defined that the angle 17 is 
about 50°, the twist angle 18 of the liquid crystal 
molecule is about 170° to the right direction, the angle 
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19 is about 90°, the twist angle 20 of ·the liquid 

crystal is about 170° to the left direction, and the 

angle 21 is about 40°. further, ~n x d of the liquid 

crystal layer of the A-cell is about 0.7 Pm, and An x d 

of t~e liquid crystal layer of the B-cell is about 

0.7JJm. In this case, there can be obtained a liquid 

crystal display device having a high response speed, 

wherein the external spectrum of the liquid crystal 

display device becomes white in colour in the "OFF" 

state, wh~lst the same becomes black in colour in the 

"ON"· state. 

EXARPLE 9 

In Figure 2, it is defined that the twist angle 20 
of the liquid crystal of the a-cell is about 120° to the 

left direction, an x d is about 0.9JJm, the angle 19 is 

about 90°, the angle 17 is bet•een 30° and 60°, and the 

angle 21 is between 30° and 60°. When the twist angle 

18 and the An x d. of the liquid crystal of the A-cell 

are defined as the region which is marked with the 
oblique lines as shown in Figure 11, a liquid :rystal 

display device can be obtained wherein the external 

spectrum of the liquid crystal display device become·s 

white in colour in the "OFF" state, whilst the same 

becomes black in colour in the "ON" state. 

EXAKPLE 10 
In Figure 2, it is defined that the twist angle 20 

of the liquid crystal of the B-cell is about 200° to the 

left ·direction, 6.n x d is about 0.6 pm, the angle 19 is 

about 90°, the angle 17 is between 30° and 60°, and the 

angle 21 is between 30° and 60°. When the twist angle 

18 and Lln x d of the liquid crystal of the A-cell are 

defined as the region which is marked with the oblique 

lines as shown in Figure 12, a liquid crystal display 

device can be obtained wherein the external spectrum of 
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the liquid crystal display device becomes white in 

colour in the "OFF" state, whilst the same becomes black 

in colour in the "ON" state. 

EXAMPLE 11 
In Figure 2, it is defined that the twist angle 20 

of the liquid crystal of the a-cell is about 200° to the 

left direction, An x dis about 1.S.,,.m, the angle 19 is 
about 90°, the angle 17 is between 30° and 60°, and the 
angle 21 is between 30° and 60°. When the twist angle 

18 and ~n x d of the liquid crystal of the A-cell are 

defined as the region which is marked with the oblique 
lines as shown in Figure 13, a liquid ~rystal display 

device can be ob~ained wherein the external spectrum of 
the liquid crystal display device becomes white in 
colour in the "Off" state, whilst the same becomes black 

in cotour in the "ON" ~tate. 
EXAMPLE 12 

In Figure 2, it is defined that the twist angle 20 
of the liquid crystal of the a-cell is about 350° to the 

left direction, An x d is about 0.9 .JJm, the angle 19 is 

about 90°, the angle 17 is between 30° and.60°, and the 
angle 21 is between 30° and 60°. When the twist angle 

18 and .6n x d of the liquid crystal of the A-cell are 

defined as the region which is marked with the oblique 
lines as shown in Figure 14, a liquid crystal display 

device can be obtained wherein the external spectrum of 
the liquid crystal display devi~e becomes white in 

colour in the "Off" state, whilst the same becomes black 
in colour in the "ON" state. 

EXA"PLE 13 

In Examples 1 to 12, the same effect can be 

obtained by a method in which the lower substrate 4 of 

the A-cell and the upper electrode substrate 7 of the a­
cell as shown in Figure 1 are replaced by one substrate. 
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EXAftPLE 14 
In Figure 15, there is shown an upper polariser 

22, an upper A-cell 23, a B-cell 24, a lower A-cell ·2s 

·and a lower polariser 26. 

substrate 27 of the upper 

the upper A-cell, a lower 

Figure 15 also shows an upper 

A-cell, a liquid crystal 28 of 

substrate 29 of the upper A-

cell, an upper electrode substrate 30 of the a-cell, a 

liquid crystal 31 of the a-cell, a lower electrode 
substrate 32 of the a-cell, an upper substrate 33 of the 

lower A-cell, a liquid crystal 34 of the lower A-cell, 
and a lower substrate 35 of the lower A-cell. In the. 

structure of the liquid crystal display device of figure 

15, the liquid crystal molecules of the upper A-cell 23 

and the lower A-cell 25 are twisted to the ri~ht 

direction. The liquid crystal molecule of the B-:ell 24 

is twisted to the left direction. The cngle which is 

formed by the twist angle of the liquid crystal molecule 
of the upper A-cell 23 added to the twist angle of the 

liquid crystal molecule of the lower A-cell 25 is 

defined as the twist angle of the total A-cell. The 

An x d which is formed by the L\n x d of the liquid 

crystal layer of the upper A-cell 23 added to the 

~n x d of the l~quid crystal layer of the lower A-cell 

25 is defined as the 6-n x d of the total A-cell. Where 
the twist angle and .6.n x d of the total A-cell are 
applied for the conditions of Examples 1 to 12, the same 

effect as that in Examples 1 to 12 can be obtained. 
EXAMPLE 15 

In the structure according to Exa~ple 14, the 

lower substrate 29 of the upper A-cell and the upper 

electrode substrate 30 of the a-cell are replaced by one 

substrate. Further, the lower electrode substrate 32 of 
the B-cell and the upper substrate 33 of the lower A­

cell are replaced by one substrate. The resulting 
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structure can be easy to produce and the same effect as 
that in Exa•ple 14 can be obtained. 
EXA"PLE 16 

'In Examples 1 to 15, it is defined that the 
temperature at the point of nematic-isotropic CNI> of 
the liquid crystal of the A-cell is TA Ck>, and the 
temperature at the point of NI of the liquid crystal of 
the B-cell is T8 Ck>. A liquid crystal is employed 
whose relationship between TA and T8 is satisfied by the 
condition 0.86 S~ ~ 1.15. As the result, although 
~ x d of the liquid crystal layer of the a-cell and the 

A-cell is changed by the temperature change, there is no 
change in the external colour of the liquid crystal 
display device. 
EXA"PLE 17 

In Examples 1· to 16, a liquid crystal whose 
dielectric anisotropy~ is positive is employed as the 
liquid crystal of the A-cell. Thus the orientation of 
the liquid crystal molecules of the A-cell gets confused 
by the static electricity from the outside, thereby 
causing an uneven colour in the ext~rnal appearance of 
the liquid crystal display device. Therefore, a liquid 
crystal whose dielectric anisotropyt1£.is negative is 
employed as the liquid crystal of the A-cell. There 
results an improved liquid crystal display device which 
does not have the uneven colour even in the presence of 
static electricity from the outside. 
EXAMPLE 18 

In Examples 1 to 16, the electrode is attached to 
the inside of the upper and lower substrates of the A­
cel l, and a liquid crystal whose dielectric anisotropy 
is positive is employed as the liquid crystal of the A­
cell. Thereby, although the colour in the external 
appearance of the liquid crystal display device changes 
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by the temperature change, it is possible to overcome 
the colour change by applying a voltage between 
electrodes which are attached to the upper and lover 
substrates of the A-cell. 

EXA"PLE 19 
In Examples 1 to 18, except for Examples 13 and 

15, the A-cell is optically adhered with the a-cell in 
order to prevent reflection of light on the surface of 
the substrate adjacent to the A-cell and the a-cell. 
Polyvinyl butyral film which is embossed is utilised as 
an adhesive layer, and adhesion is achieved by the 
application of heat or pressure. A heat-cured epoxy or 
uletan adhesive can be also utilised. Fur~her, acrylic 
ultraviolet adhesive can be utilised. Thus the A-cell 
is adhered to the B-cell such as to reduce the light 
reflection on the boundary_ surface of both cells. 
EXAKPLE 20 

figure 16 shows a structure employing a film state 
polymer layer (hereinafter referred to as A-film) as the 
optically anisotropic substance. In figure 16, there is 
shown an upper polariser 36, an upper A-film 37, a B­
cell 38, a lower A-film 39, and a lower polariser 40. 
Figure 16 also shows an upper electrode substrate 41 of 
the a-cell, a liquid crystal 42 of the a-cell, and a 
lower electrode substrate 43 of the a-cell. Figure 17 
shows the relationship of each axis of a liquid crystal 
display device employing the A-film. In Figur~ 17, 
there is shown a rubbing direction 45 of the upper 
electrode substrate of the B-ce l l, a rubbing d;rection 
46 of the lower electrode substrate of the a-cell, a 
direction 47 of the optical axis of the upper A-fil11, a 
direction 48 of the optical axis of the lower A-t; lea, a 
direction 49 of the polarising axes (absorption axes) of 
the upper polariser 36, a direction 50 of the polarising 
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axes (absorption axes) of the lower polariser 40, an 

angle 51 between the direction 49 of the polarising axes 

(absorption axes> of the upper polariser and the 

direction 47 of the optical axis of the upper A-film, an 

angle 52 between the direction 47 of the optical axes of 

the upper A-film and the r~bbing direction 45 of the 

upper electrode substrate of B-cell, a twist angle 53 of 

the liquid crystal molecule of the a-cell, an a~gle 54 

between the rubbing directiori 46 of the- lower electrode 

substrate of a-cell and the direction 48 of the optical 

axis of the lower A-film~ an angle 55 between the 

direction 48 of the optical axis of the lower A-film and 

the direction SO of the polarising axes (absorption 

axes) of the lower polariser 40. In Figure 16, it is 

defined that the angle 51 is about 40°, the angle 52 is 

about 90°, the twist angle 53 is about 200° to the left 

direction, and the angle between the rubbing direction 

46 of the lower electrode substrate ~f the a-cell 38 and 

the direction 50 of the polarising axes (absorption 

axes) of the lower polariser 40 without the lower A-film 

39 is about 40°. The product of the birefringence~nf 

and the thickness o·f the upper A-film Jdf, ~nf x df, is 

about 0.55)1 m. 

n x d of the liquid crystal layer of the a-cell is 

about 0.9~m. In this case, the liqui~ crystal display 

device becomes white in colour in the "OFF" state, 

whilst the same becomes black in colour in the "ON" 

state. 

The A-film may be a stretched film such for 

example as diacetyl cellulose, polyethylene 

terephthalate, cellulose diacetate, polyvinyl alcohol, 

polyamide, polyether sulfon, acryl, polysulfon, 

polyimide and polyolefin. 

EXAMPLE 21 
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In figure 17, it is defined that the angle 51 is 
about 50°, the an~le 52 is about 90°, the twist angle 53 
of the liquia crystal molecule of the a-cell is about 
200° to the left direction, the angle 54 is about 90°, 
the angle 55 is about 50°. .dn x d which is An x d of 
the upper A-film added to '6.n x d of the lower A-film, 
is about 0.6)Jm, whilst An x d of the liquid crystal 
layer of the B-cell is about 0.9.>'m• In this case, the 
saMe effect as that in Example 20 can be obtained. 
EXAMPLE 22 

Referring to Figure 17, the structure without the 
lower A-film is defined. It is defined that 6n x d of 
the upper A-film is about 0. 65 JJ m, the angle 51 is 
about so 0 , the angle s2 is about 90°, the twist angle 53 
of the liquid crystal molecule of the a-cell is about 
250° to the left direction, the angle.between the 
rubbing direction 46 of the lower electrode substrate of 
a-cell and the direction 50 of the polarising axes 
(absorption axes) of the lower polarisers is about so0 , 

and An x d of the liquid crystal of the a-cell is 
about 0.9)Jm. In this case, the liquid crystal display 
device becomes white in colour in the "OFF" state, 
whilst the same becomes black in colour in the "OH" 
state. 
EXAKPLE 23 

In Figure 17, the structure without the lower A­
fitm is defined. The upper A-film is composed with 
eleven films whose optical axes are twisted to the right 
direction through 15° from top to bottom. The total 
amount of An x d of the eleven films is about 0.7 .JJ•· 
Further, an angle between the polarising axes 
(absorption axes) of the upper polariser and the 
direction of the optical axis of the upper most f;tm of 
the upper A-film is represented as about 50°, an angle 
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between the direction of the optical axis of the lower 
fila of the upper A-fil• and the rubbing direction of 
the upper electrode substrate of the B-cell is 
represented as about 90°, and an angle between the 
rubbing direction of the lower electrode substrate of 
the a-cell and the polarising axes (absorption axes> of 
the lower polariser is represented as about 40°. The 
twist angle 53 of the liquid crystal molecule of the B­
cell is about 200° to the left direction, and the 
An x d of the liquid crystal of the a-cell is about 0.9 
.um. In this case, the liquid crystal. device beco.mes 
white in colour in the "OFF" state, whilst the same 
becomes black in colour in the "ON" state. 

EXA"PLE 24 
In Figure 16, the struct~re without the Lower A­

fi lm 39 is defined. It is defined that An· x d of the 
upper A-film 37 is about 0.65.,>Jm to 0.85.,JJm, the angle 
51 is about 35° to 55°, the angle 52 is about 80° to 
100°, the twist angle 53 of the liquid crystal molecule 
of the B-cell is about 200° to the left direction, an 
angle between the rubbing direction 46 of the lower 
electrode substrate of the B-cell and the direction 50 
of the polarising axes (absorption axes) of the lower 
polariser is about 35° to 55°, and ~n x d of the liquid 
crystal of the a-cell is about 0.9µ m. In this case, 
the liquid crystal display device becomes white in 
colour in the .. OFF .. state, whilst the same becomes black 
in colour in the "ON .. state. 
EXAMPLE 25 

In Figure 16, the structure without the lower A­
f i lm 39 is defined. It is defined that -An x d of the 
upper A-film 37 is about 0.25.JJ m to 0.45JJ m, the angle 
51 is about 35° to 55°, the angle 52 is about 80° to 
100° , the twist angle of the liquid crystal molecule of 
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the B-cell is about 200° to the left direction, an angle 

between the rubbing direction 46 of the tower electrode 

substrate of the s-cell and the direction 50 of the 

polarising axes (absorption axes> is about 35° to 55°, 

and .6.n x d of the liquid crystal of the B-cell is about 

0.9_pm. In this case, the liquid crystal display device 

becomes white in colour in the "OFF" state, whilst the 

same becomes black in colour in the "ON" state. 
EXAMPLE 26 

In figure 16, the structure without the lower A-
f i lm 39 is defined. It is defined that .Aon x d of the 

upper A-film 37 is about 0.4,., m to 0.6.J) m, the angle 51 
is about 35o to 55°, the angle 52 is about so0 to 100°, 

the twist angle 53 of the liquid crystal molecule of the 
B-cell is about 180° to the left dire~tion, th~ angle 

between the rubbing direction 46 of the lower electrode 

substrate of the a-cell and the direction 50 of the 

polarising axes (absorption axes> of the lower polariser 
is about 35° to ss 0 , and ~n x d of the liquid crystal 

of the B-cell is about 0.9pm. In this case, the liquid 

crystal display device becomes white in colour in the 

"OFF" state, whilst the same becomes black in colour in 
the "ON" state. 
EXAMPLE 27 

In Figure 16, the structure without the lower A-
f i lm 39 is defined.·· It.is defined that .6n x d of the 

upper A-film 37 is about 0.5 to 0.7pm, the angle 51. is 
about 35° to 55°, the angle 52 is about ao 0 to 100°, the 

twist angle 53 of the liquid crystal molecule of the B­

cell is about 180° to the left direction, the angle 

between the rubbing direction 46 of the lower electrode 

substrate of the a-cell and the direction SO of the 

polarising axes (absorption axes> is about 35° to 55°, 

and ~n x d of the liquid crystal of the B-cell is about 
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1.0. In this case, the liquid crystal display device 
becomes almost white in colour in the "OFF" state, 
whilst the same becomes almost black in colour in the 
"ON" state. 

EXAMPLE 28 
In Figure 16, the structure without the tower A-

f i lm 39. is defined. It is defined that ..dn x d of the 
upper A-film 37 is about 0.5 to 0.6~ m, the angle 51 is 
about 35° to 55°, the angle 52 is about 80° to 100°, the 
twist angle 53 of the liquid crystal molecule of the B­
cell is about 230° to the left direction, the angle 
between the rubbing direction 46 of the lower electrode 
substrate of the B-cell and the direction SO of the 
polarising axes (absorption axes) of the lower polariser 
is about 35° to 55°, and ~n x d of the liquid crystal 
of the a-cell is about 0.9..JJm. In this case, the liquid 
crystal display device becomes almost white in colour in 
the "OFF" state, whilst the same becomes almost black in 
the "ON" state. 
EXAKPLE 29 

In Examples 20 to 28, a structure is defined which 
is formed by the A-film and the polariser being in one 
body. Figure 18 shows schematically a structure where 
the A-film and the polariser are in one body. In Figure 
18, there is shown a protective film 56 of the 
polariser, a polariser 57, an A-film 58 and a protective ..... 
film 59 of the polariser. As shown in Figure 18, the A-
film which is incorporated with the polariser, is 
utilised ;n the liqu;d crystal display device, thereby 
to obtain the same effect. 
EXAMPLE 30 

In Examples 1 to 29, even although a reflector is 
provided in the outside of either the upper or the lower 
polariser, a reflective display device giving monochrome 
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display can be obtained.-

It will be appreciated from the above description 

with reference to the drawings and the Examples that the 

present invention provides an excellent liquid crystal 

display device giving monochrome display, wherein the 

liquid crystal display device becomes white in colour in 

the "OFF" state, and black in colour in the "ON" state. 

Figure 3 shows the relationship of each axis of 
the liquid crystal display -..device according to prior art 

and the direction of the polarising a~es Cab-sor_ption. 
axes) of the polariser. In Figure 3, there is shown a 

rubbing direction 100 of the upper electrode substrate· 
of the liquid crystal cell, a rubbing direction 101 of 

the lower electrode substrate of the liquid crystal 

cell, a direction 102 of the polarising axes (absorption 

axes> of the upper polariser, a direction 103 of the 

polarising axes (absorption axes) of ihe lower 

polariser, a twist angle 104 of the liquid crystal 
molecule of the liquid crystal cell, an angle 105 

between the polarising axes (absorption axes) of the 

upper polariser and the rubbing direction 100 of the 

upper electrode substrate of the liquid crystal cell, 

and an angle 106 between the rubbing direction 101 of 

the lower electrode substrate and the polarising axes 
(absorption axes) of the lower polariser. 

Figure 4 shows the external appearance of the 

spectrum of the liqui~~rystal display device in the 

case where the twist angle 104 is about 200°, the angle 

105 is about 50°, the angle 106 is about 50°, and 

An_ x d of the liquid crystal is about 0.9 _,-m in Figure 

3. In Figure 4, the c~rve I is a state of applying the 

voltage, and the curve II is a spectrum at the time when 
the selecting voltage is applied by the 1/100 duty 
driving. 
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Before referring to Figures 19 to 39, reference 
will again be made to the super twisted nematic liquid 
crystal display device as disclosed in Japanese Laid 
Open Patent Specification No. 60-50511. This known 
super twisted nematic liquid crystal display device has, 
as mentioned above, a. iwist angle of the liquid crystal 
molecule of more than 90° and a pair of polarisers 
provided on the upper and lower liquid crystal cells. 
Also as mentioned above, an angle between the polarising 
axes (absorption axes) and the axis direction of the 
liquid crystal molecule adjacent to the electrode 
substrate thus falls within a range of between 30° and 
60° and because of birefringence, when the liquid 
crystal display d~vice is in the state of not applying 
vol~age, its appearance is not white and instead its 
appearance becomes green to reddish yellow. Also, when 
the liquid crystal device is in the state of applying 
voltage, its appearance is not black but instead its 
appearance becomes blue. 

Figure 34 shows an example for driving the liquid 
crystal display device according to the present 
invention. 

Figure 35 is a schematic view of the prior art 
super twisted nematic liquid crystal display device of 
·Japanese Laid Open Patent Specification No. 60-50511. 
In Figure 35, 171 is an upper polariser, 172 is a liquid 
crystal cell, 173 ;s a substrate, 174 is a transparent 
electrode, 175 is a orientation film, 176 is a spacer, 
177 is a liquid crystal, and 178 is a lower polariser. 

Referring now to figure 37, there is shown the 
relationship between the liquid crystal cell of the 
.prior liquid crystal display device and the direction of 
the polarising axes (absorption axe;) of the polariser. 
In Figure 37, 190 is a rubbing direction of the upper 
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electrode substrate of the liquid crystal cell, 191 is a 
rubbing direction of the lower electroje substrate of 
the liquid crystal cell, 192 is a direction of the 
polarising axes (absorption axes) of the upper 
polariser, 193 is a direction cf the polarising axes 
(absorption axes) of the lower polariser, 194 is a size 
of the twist angle of the liquid crystal molecule of the 
liquid crystal cell, 195 is an angle which is formed by 
the rubbing direction 190 of the upper electrode 
substrate and the direction 192 of the polarising axes 
(absorption axes> of the upper polariser and 196 is an 
angle which is formed by the rubbing direction 191 of the 
lower electrode substrate and the direction 193 of the 
polarising axes (absorption axes) of the lower 
polariser. 

Figure 38 shows the external appearance spectrum 
of the liquid crystal display device in the case where 
the angle 194 is about 200°, the angle 195 is.about 50°, 
the angle 196 is about 50°, and ihe further n x d of 
the liquid crystal is about 0.9 m in Figure.37. In 
Figure 38, the curve I shows the spectrum of the off 
state pixel transmission and II shows the spectrum of on 
state pixel transmission. Each pixel is driven by 
conventional X-Y matrix multiple~ driving. The duty 
ratio of the multiplex driving is, in this case, 1/100. 
The "off state" is defined as the state of no voltage 
application or, even under the voltage application, the 
state where little orientation change in the liquid 
crystal layer takes place. The "on state" is defined as 
the state where voltages, enough to cause orientation 
and optical transmission change, are applied. It will 
be noticed from Figure 38 that I is "bright" and II is 
"dark". Thus, I and II can visually be distinguished. 

Figure 39 is the plot of I and II in Figure 38 on 
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the colour coordinates CCIE 1931, i.e. Commission 

Internationale de Enluminure by which a trichromatic 

specification was decided in 1931). Figure 39 shows that 

the off state I is yellow and the on state II is blue. 

As mentioned above, according to the prior art 

super twisted nematic liquid crystal display device of 

Japanese Laid Open Patent Specification No. 60-50511, 

the colour of the external appearance of the liquid 

crystal display device becomes green, yellowish green, 

yellow or reddish yellow in the positive display, and at 

the time when the selecting voltage is applied, the 

colour becomes blue or dark blue. The colour of the 

liquid crystal display device becomes dark blue in the 

negative display state and, when the selecting voltage 

is applied, the colour becomes yellow. As previously 

stated, these colours are not desirable colours as the 

display colour of the display device. Hore 

specifically, white and black are the most suitable 

display colours for the display device. 

In addition to the requirement for a liquid 

crystal display device having a "black and white" 

display, when it is desired to make a colour display, 

especially a full colour display, in combination with a 

colour filter, it is very important for display 

performance as to whether the displaying mode is "black 

and white" or not. ·In the case of the above mentioned 

prior super twisted nematic liquid crystal display 

device, the spectrum of which is shown in Figure J8, it 

is difficult to display red and blue as bright as green. 

In one aspect of this invention, the present invention 

aims to deal with this problem. Thus, more 
specifically, this invention aims in the said one aspect 

to provide the improved liquid crystal-display device 
having the function of the black and white display both 
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in the positive mode or negative mode, and also to 
enable the provision of a colour display having a good 
colour performance. 

Figure 19 is given as a typical example of a 
display of the present invention that has the required 
black and white display and the required·colour display. 
In Figure 19, there are shown linear polarisers 11,18, a 
liquid crystal cell 12 and an optically anisotropic 
substance 19. Also shown in Figure 1 is a substrate 13, 
a transparent substrate 14, an orientation film 15, a 
spacer 16 and a liquid crystal 17. The spacer 16 is for 
providing a desired space between substrates. The 
polarisers, liquid crystal material~, way of giving 
orientation to the liquid crystal layer, way of driving, 
etc. used in Figure 19 are the same as the prior super 
twisted nematic liquid crytal display device of Japanese 
Laid Open Patent Specification No. 60-50~~1 and prior 
tvisted nematic liquid crystal display devices. 

figure 33 is the spectrum of a commercially 
available polariser which is called LLC2-82-18 and which 
is manufactured by Sanritsu Electronics Co., Japan. 
This is an example of~ polariser. In Figure 33, I 
represents a parallel state and II represents a cross 
nicol state. 

The liquid crystal material used in the present 
invention may be a nematic liquid crystal which has 
positive dielectric anisotropy. One example of such a 
material is the material which is known as SS-4008 and 
which is manufactured by Chisso Co. Another example of 
such a material is the mixture shown below: 
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In order to keep the twisted structure stable, it 
is desirable to dope chiral compounds in the liquid 

crystal mixture. Preferred examples of such coapounds 
are CB-15 (manufactured by British Drug Houses) for 
right handed helix, and S-811 (manufactured by Merck) 
for left handed helix. 

Referring again to Figure 19, the optically 

anisotropic substance 19 is the key component. Liquid 
crystal compounds, uniaxially expanded polymer film, 

polymer liquid crystal film, and liquid crystal 
compounds in the polymer matrix are usable as the 

optically anisotropic substance. These examples usually 
show uniaxial optical anisotropy. Substances that show 
biaxial optical anisotropy can be used in some cases. 

Nematic liquid.crystal, cholesteric liquid crystal 
and smectic liquid crystal can be used tot the optically 
anisotropic ·substance. Preferably, the same nem:atic 
liquid crystal compound is employed for liquid crystal 
cell 12 in Figure 19. This is because the mismatching 

of birefringence dispersion between the liquid crystal 
layer and the optically anisotropic substance layer can 
be overcome. 

Examples of uniaxially expanded polymer film are 
polyvinyl alcohol, polyester, polyethylene, 
polyetheramide and polysulfon. An example of .polymer 
liquid crystal film is the polymer blend of polypeptide 
and polymethacrylate. Other polymer liquid crystals than 
polypeptide can be used. Polymer liquid crystals that 
show a cholester;c phase are preferable. One such 

example is as given as follows: 
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Examples of liquid crystal compounds in the 
polymer matrix are composed by the following components. 
Examples of liquid crystal cpmpounds are a blend of 
phenyl cyclohexane, cyclohexyl cyclohexane, biphenyl 
components and chiral components. Examples of polymer 
matrix materials are polymethylmet~acrylate, 
polyaceticvinyl and polyamide. A preferred example of a 
liquid crystal compound in the polymer matrix is as 

follows: CsH1@li-@-oC1:.Hr 1'1% 

fsH,@!o@·ocH1 t'I% 

CZH.t-©@-CN It~ 

C~Hr@@)-CN l''fo 

C1H9-©@/o-@®- ~H11 .l<Jj. 

cf H,,-@@-cN 
It will be appreciated that, in order to be free 

of a colouring state, the present invention employs a 
display having at least one layer of an optically 
anisotropic substance. There will now be given a 
detailed explanation of the function of the layer of 
optically anisotropic substance. 

Figure 36 is a schematic drawing to explain the 
"off state" optical characteristics of the prior super 
twisted liquid crystal display device disclosed in 
Japanese Laid Open Patent Specification No. 60-50511 
CSTN-LCD). In Figure 36, 181 is the incident light. 
Generally 181 is the natural light, so that it contains 
all wave lengths in the visible region. The polarising 
direction of each light is random. After passing 
through a linear polariser 182, the incident light 181 
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becomes a set of linearly polarised lights 1831, 1832, 

1833 and so on. 1831, 1832 and 1833 mean the polarised 
light whose wave lengths are 450 nm, 550 nm and 650 n• 
respectively. It is obvious that the set of lights 
contain other wave length light than 1831, 1832 and 
1833. Here these three wave lengths are shown as being 
representative of blue, green and red. A set of lights 
1831, 1832 and 1833 passes through a liquid crystal cell 
184. The liquid crystal in the liquid crystal cell is 
the optically uniaxial anisotropic media and ,in the 
liquid crystal cell, it forms a twisted orientation. 
How they change their polarising state when the lights 
1831, 1832 and 1833 pass through the above mentioned 
liquid crystal layer, they change their polarising state 
is precisely predictable by way of calculations 
mentioned hereinbelow. For example, in the case of the 
STN-LCD, the spectrum of which is shown in figure 38, 
the polarising states become those shown as 1851, 1852 
and 1853 respectively. Generally speaking, after 
passing through the anisotropic media, the linearly 
polarised light becomes elliptically polarised light 
just like 1851, 1852 and 1853. The polarised lights 
1851, 1852 and 1853 show that there is a difference of 
polarising state in accordance with the wave length. 
These polarised lights 1851, 1852 and 1853 finally 
passes through a linear polariser 186. It will easily 
be understood that, after passing through the polariser. 
186, each light becomes those shown as 1871, 1872 and 
1873 respectively. This is because only the component 
of.each light, which corresponds to the polarising 
direction of the polariser 186, can pass through. It 
can be observed that, in this case, the intensity of 
green light CSSO nm wave length) is stronger than that 
of blue (450 nm) and red (650 nm). The spectral 
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expression of this result is the "I" in figure 38. 

Figure 39 is the plot of the same result on the colour 

coordinate. Thus, the prior STN-LCD can not help 

avoiding a coloured appearance because of the optical 

ariisotropy (birefringence) of the liquid crystal layer. 

Figure 20 is a schematic drawing to explain the 

"off state" opHcal characteristics of the present 

invention. Comparing Figure 20 with Figure 36, the 

difference is that, the present invention as exe~plified 

by Figure 20, has the additional ·component 28 which is 
the optically anisotropic substance. For the 
convenience of explanation, the conditions of each 

component, except the optically anisotropic substance 28 

and the polariser 26, are taken to be the same as that 

in the case of prior STN-LCD shown in Figure 36, and 

whose spectrum is shown in Figure 38. Thus, the 

polarising state of each wave length light 251, 252 and 

253 is exactly the same as 1851, 1852 and 1853 in Figure 

36 respectively. Each elliptically polarised light 251, 

252 and 253 passes through the optically anisotropic 

substance 28. This optically anisotropic substance 28 

functions to cancel the difference of polarised states 

that are caused by passing through the liquid cell 24. 

In order to make it clear, the optical function of the 

liquid crystal cell 24 is defined as "H". The polarised 

states of the lights 231, 232 and 233 are defined as 

"p". There is then obtained the formula: 

p• = "'· * p (7) 

where P' means the polarised states of the lights 251, 

252 and 253. 

If the· optical function of the optically 
anisotropic substance 28 is given as "M-1", where ,.,..-1 .. 

means. the inverse transformation of "K", then there may 

be obtained the formula: 
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P'' = H-1 * p' (8) 
where p•• means the polarised states of the lights 291, 
292 and 293. From formulae (7) and (8), there may be 
obtained the formula: 

p•• = M-1 * M * p 

lt is clear that: 
M-1 * M = I 

So there is obtained: 
p•• = p 

(9) 

(10) 

(11) 

Formula C11) means that the polarised states of 
the lights 231, 232 and 233 (p) ar~ exactly the same as 
291, 292 and 293 CP''>. Since the lights 231, 232 and 
233 are the states just after passing through the linear 
polariser 22, so these lights are ~inearly polarised and 
their polarising directions are the same. Thus t~e 

lights 291, 292 and·z93 are also linearly polarised and 
their polarising directions are the same. If the 
direction of the polariser 26 corresponds the polaricing 
directions of the lights 291, 292 and 293 these Lights 
can pass through the polariser 26 without change. So 
the lights 271, 272 and 273 are exactly the same as 291, 
292 and 293. In this case, the spectrum of the lights 
(271, 272, 273 and other wave length lights) is 
i~entical to the spectrum of the polariser used and 
shown in Figure 33 I. (For the present purposes, the 
absorbance and reflectance by the liquid crystal cell 24 
and the optically anisotropic substance 28 can be 
ignored). A colourless polariser can easily be c;osen 
and used. Thus, the liquid crystal display device of 
the present invention can be free of colouring. 

The question may still be raised of whether the 
~o~dition of the optically anisotropic substance,. that 
can make the inverse transformation against the 
transformation by the liq~id crystal cell, really 
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exists. The answer to this question is in the 

affirmative and the Applicant has found that such a 

conditi-0n of the optically anisotropic-substance exists. 

Furthermore, such a condition exists, irrespecti~e of 

what the condition of the liquid crystal cell is. 

In order to explain the above condition, the 

relationship between the liquid crystal cell, the 

polarised substrate, and the optically anisotropic 

substance in the liquid crystal display device according 

to the present invention is shown in Figure 21. Figure 
21 corresponds to the liquid crystal display device 

according to the present invention as shown in Figure 

19. In Figure 21, 31 is a rubbing direction of the 

lower electrode substrate of t~e liquid crystal c~ll, 32 

is a rubbing direction of the upper electrode substrate 

of the liquid crystal cell, 33 is a direction of optical 

axis of the surface which is opposed to the liquid 

crystal cell of the optically anisotropic substance, 34 

is a direction of the optical axis of the surface which 

is opposed to the polarised substrate of the optically 

an-isotropic substance, 35 is a direction of polarising 

·axes (absorption axes) of the low!r polari~ed substrate, 

36 i·s a direction of polarising axes (absorption axes> 

of the upper polarised substrate , 37 ~s an angle 
between the direction of polarising axes of the upper 

polarised substrate 36 and the direction of optical axis 

of the optically anisotropic substance 34, 38 is an 

angle between the direction of optical axis of the 

optically anisotropic substance 33 and 34, 39 i~ an 

angle between 33 and 32, 40 is a size of the twist angle 

of the liquid crystal layer in the liquid crystal cell, 

and 30 is an angle between the rubbing direction of the 

liquid crystal cell 31 and the direction of polarising 

axes of the lower polarised substrate 35, respectively. 



36· 

T~e conditions of the liquid crystal cell are made 
to be the .same as in the prior STN-LCD as shown in the 
spectrum of Figure 38, namely, the twist angle of the 
liquid crystal layer in the liquid crystal cell 40 is 
made to be about 200°, and An x d is made to be about 
0.9 pm. So, the whitening under these conditions may be 
explained as follows. In the case where there is no 
optically apisotropic substance, the spectrum becomes 
the same as shown in Figure 38, namely, it enters into 
the colouring state. However, in the case where, for 
example, the liquid crystal cell is used as the 
optically anisotropic substance, wherein the twist angle 
of the liquid crystal layer 38 is -200° (namely, the 
helix is opposite ~ith respect to the liquid crystal 
cell for displaying, and the absolute value of the twist 
angle is equal to the liquid crystal cell) and An x dis 
about 0.9.J.Jm, as shown in Figure 22, the spectrum in the 
off sta~e becomes approximately flat. The other 
appertaining conditions are that 37 is 45°, 30 is 45°, · 
and 39 is 90°. The spectrum of figure 22, which is 
.plotted on a chromaticity diagram is shown in Figure 23. 
It is clear that an approximately wh.ite colour can be 
obtained in comparison with the prior method as shown in 
Figure 38. 

The above shows that the condition of the 
optically anisotropic substance that can make the 
inverse transformation against that of the liquid 
crystal cell exists. So Figure 20 is not imaginary, but 
it is reality. So the question may then arise as to 
what kind of conditions the optically anisotropic 
substance must satisfy. The answers are as follows: 

C1> the product of birefringence C~n) and layer 
thickness Cd) .b.n*d for both the liquid crystal cell 
ar.d the optically anisotropic substance is the same, 
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viz: 

C.O.n*d) LC cell·= CAn*d) optically anisotropic substance 

C2) the twist angle of th~ liquid crystal layer 

in the liquid crystal cell is the same as the twist 

angle of the optically anisotropic substance, and the 

twist directions of both of them are opposed to each 

other. 

(3) the angle 39 that is the angle between the 

rubbing direction of the upper electrode substrate 32 

and the optical axis of the optically anisotropic 

substance on the surface that faces the liquid crystal 

cell 33 is 90 degrees. 

When the above three conditions are satisfied, the 

off state of the liquid crystal display device of the 

present invention is free of colouring, no matter how 

the value of .6n*d and the twist angle would be. 

The above explanation is all for the "decolouring'' 

of the off state. In the present invention, the 

colouring problem in the on state may also be solved. 

It is complicated to explain the reasons of 

"decolouring" in the on state. Nevertheless, the liquid 

crystal display device of the present invention is free 

of colouring even in the on state. 

As explained above, it is necessary, for being 

free of colouring in the off state, to satisfy the above 

explained three conditions. However, in many cases, it 

is ~ot necessary for decolouring to satisfy the three 

conditions. Figure 24 is a drawing which is given to 

explain such conditions. Figure 24 corresponds to 

Figure 20-except that the polarising states of the 

lights 691, 692 and 693, those are the states after 

passing through the optically anisotropic substance 68, 

are not linearly polarised, unlike the lights 291, 292 

and 293 in Figure 20. These lights are slightly 

elliptically polarised and the directions of polarising 
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axes are different. Consequently, the intensity of the 

lights 671, 672 and 673 show a small wave length 

dependency. For example, in the case of the conditions 

disclosed in Example 20, the spectrum of the off state 

is shown in figure 26 and the plot on the colour 

coordinate is shown in Figure 27. In the conditions of 

Example 20, just like the lights 691, 692 and 693 in 

Figure 24, the polarising states after passing through 

the optically anisotropic substance are elliptically 

polarised. However, as shown in Figure 27, it has 

almost no colour. Thus, there exists a decolouring 

condition of optically anisotropic substance; even in 

the conditions that will not satisfy the above three 

conditions. 

Figure 25 shows the condition in the structure 

shown in Figure 24. Thus, Figure 25 shows the 

relationship between the optically anisotropic 

substance, the liquid crystal cell and the polariser in 

Example 20. In Figure ·25, 70 is the direction of the 

polarising axis (absorption axis) of the upper 

polariser, 71 is the direction of the optical axis of 

the optically anisotropic substance, 72 is the rubbihng 

direction of the upper electrode substrate of the liquid 

crystal cell, 73 is the rubbing direction of the lover 

electrode substrate of the liquid crystal cell, 74 is . 

the direction of the polarising axis (absorption axis) 

of the lower polariser, 75 is an angle between the 

direction 70 of the polarising axis of the upper 

polariser and the direction 72 of the optical ax-is of 

the optically anisotropic substance, 76 is an angle 

between the direction 71 of the optical axis of the 

optically anisotropic substance and the rubbing 

direction 72 of the upper electrode substrate of the 

Liquid crystal cell, 77·is the size of the twist of the 
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liquid crystal layer of the liquid crystal cell, and 78 

is an angle between the .rubbing direction 73 of the 
lower electrode substrate of the liquid crystal cell and 
the direction 74 of the polarising a.xis of the lower 
polariser. 

for several practical reasons, the conditions that 
will not satisfy the above three conditions are 
preferable. One of these reasons is that the 

commercially available polarisers have, more or less, 
colour. An e~ample is shown in Figure 33. In Figure 
33, both the spectrums of I and II are not perfectly 
flat. This means more or less coloured. It is possible 
to get a be~ter decolouring state by choosing proper 
conditions of the optically anisotropic substance, other 
than the above three conditions. This is possible for 
both the on state and the off state. Another reason is 
the viewable angle. In some liquid.crystal cell 
conditions, other conditions of the optically 

anisotropic substance is more preferable for a viewable 
angle than the above three conditions. 

The above is an explanation of the various kinds 
of optically anisotropic substance that may be employed 
in the structure shown in f igu~e 19. In the structure 
of Figure 19, the optically anisotropic substance is 
l o c a t e d above t ht: U qui d c r y s t a l c e l l 1 2 • Ho w.e v e r, i t 
is to be appreciated that the upper and lower 

relationship has no relation to the subject matter of 
the present invention. This is also applicable to the 
positioning relationship between the liquid crystal cell 
12 and the optically anisotropic substance in Figures 20 

and 24. 

Figure 28 shows another example of the structure 
of a liquid crystal display device according to the 
present invention. figure 28 is like Figure 19 but with 
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.the similar parts being differently numbered. Figure 28 

is different from Figure 19 in that the optically 

anisotropic substance exists above and below the liquid 

crystal cell. Even in such a structure, the optically 

anisotropic substance is able to remove the colouring 

entirely as shown in Figure 20. Naturally it is also 

able to remove the colouring entirely as shown in Figure 

24. Th~ above explanation relates to the condition 

of having a high transmission of· the off state, namely 

the normally-on state. An explanation will now be given 

with respect to the condition having the low 

transmission of the off state, namely the normally-off 

state. Thus, the polarising light 291, 292, 293 and so 

on can not pass through th~ polarising plate 26 so long 

as the direction of the polarised axis of the polarised 

plate 26 as shown in Figure 20 is perpendicular to the 

pola~ised substrate 22. Therefore, the spectrum of the 

transmitting light coincides with the spectrum of the 

polarised plate in the state of cross nicol as shown in 

Figure 33 by II. (for the present purposes, the light 

absorption of the liquid crystal cell and the optically 

anisotropic substance and so on ·can be ignored). The 

condition is the most dark condition which is obtained 

by using the polarised plate as shown in Figure 33. 

~herefore, according to the present_ invention, the 

spectral properties having the desirable best flatness 

can be obtained by using the optically anisotropic 

substance even in the normally-off state. Thus, the 

removal of the colouring can be realised in every case. 

A practical method for calculating the change of 

polarising state of the light passing through the 

optically anisotropic substance such like the liquid 

crystal cell and so on, uill nou be given. The incident 

light to the optically anisotropic substance is 
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generally the elliptically polarised light. The 

reference trace of the elliptically polarised light 

extending to the positive direction of the Z axis is 

represented with the ~olumn vector, in which x and y 

components are defined as the element as below.: 

(12> 

In the above formula 12, a.i is an amplitude of 
• the I component, w is a circular frequency, and lp is a 

phase angle of the i component, respectively. However, 

at this time, since the absolute phase of the vibration 

has no relation thereto, the optical frequency and the 

absolute phase of the formula C12> are removed. 

Further, the polarised condition is represented w;th the 

normalised Jones vector as the following formula (13>, 

in which the vibration of each component i_s caused to be 

normalised: 

ax ex.p(-if) 
i 0.-r.' + a:y' E= 

(13) 

a.l ~XP(if) 
ya.~ -t-~ '12 

The polarised light E of the formula (13) becomes 

a polarised light E', as the result of changing the 

polarising state by passing through the optically 
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anisotropic substance. The optically anisotropic 
substance is represented by a 2 X 2 Jones matrix which 
performs the above transformation. For example, in the 
case where the optically anisotropic substance is a 
uniaxial linear retarder such like the polymer layer, 
the Jones matrix is represented as follows: 

[ 

C()S'B e%p (i ~ )+ sin.2ee~(-i~) 2 i si1t9 coso sin.. x ] 
Rti 9" · . · c14>. 

' 2 lSitr.8c.oS9Sitt,4_. ~s'fiex..p(-tf )+s111.'ee~p(;.~) 
In the above formula (14) 8 is an angle between 

the fast axis of the linear retarder and the x axis, and 
~ is a retardation. The retardation is defined as 
An : 2 ·n x di}\ usingAn x d of the linear retarder 
and the wavelength Aof the Ught. 

The polarising state passing thr~ugh the polymer 
layer is found by functioning the Jones matrix~AB' of 
the formula (14> from the left side of the incident 
light vector E as follows: 

EI=- RA..8 E. 

In the case where the optically anisotropic 
substance is formed by laminating some polymer layers, 
the following formula is found by functioning the Jones 
matrix of the formula C14) one after another in 
accordance with the order that the light passes through 
from the left side of the incident light vector 

Where the optically anisotropic substance is the 
liquid crystal cell, it becomes difficult as the 
retarder due to the twist orientation of the liquid 
crystal molecule. However, if the liquid crystal layer 
is divided into considerably many layers as shown in 
Figure 29(a), it can be represented by the subsequences 



43 

of the liquid crystal layers which is not twisted as 

shown in Figure 29Cb). Since the liquid crystal layer 

which is not twisted, is the uniaxial linear retarder as 

well as the polymer layer, the polarising state of the 

light passing through the liquid crystal cell can be 

found by the same method as the case of laminating some 

polymer layers as mentioned above. 

With using the above method, it is to be given 

that the angle 40 of Figure 21 is 200°, the angle 38 is 

-200°, the angle 30 is 45°, the an~le 37 is 45°, the 
angle 39 is 90°, and both of ~n x d of the liquid 

crystal cell for displaying and the liquid crystal cell 

of the optically anisotropic substance are 0.9~m, 

respectively. Under these conditions, the polarising 

state is calculated by dividing the liquid crystal layer 

into 20 pieces. The transitions of the polarising state 

are shown in Figures 30 to 32. Figures 30, 31 and 32 

show the transitions of the polarising state whose wave 

length is 450 nm, 550 nm and 650 nm, respectively. For 

example, in Figure 30Ca>, the polarising state of the 

linearly polarised light 121, which is incident light to 

the liquid crystal cell for displaying, transits to 122, 

123 and 124 every fifth layer; and at last the cell is 

injected at the elliptically polarised light of 125. In 

Figure 30(b), the resulting elliptically polarised light 

125 becomes the incident light to the optically 

anisotropic substance, and. the polarising state of the 

elliptically polarised light 125 transits to 126, 127 

and 128 every fifth layer; and at last the optically 

anisotropic substance is injected at the linearly 

polarised light of 129. In each above mentioned course, 

the transition of the polarising state by the optically 

anisotropic substance as shoMn in the figures (b) 

corresponds to the entirely opposite transition of that 
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by the liquid crystal cell for displaying as shown in 
the Figures Cal. Therefore, the incident light to the 
liquid crystal cell injects the optically anisotropic 
substance at ent;rely the same polarising state. Since 
the effect is obtained regardless of the wave length of 
the light as clearly shown from Figures 31 and 32, it is 
possible in the liquid crystal displa~ device having the 

·structure according to the present invention that the 
colour;ng at the time of off state is entirely 
dissoluted, and that the required whitening ;s obtained. 

It is to be appreciated that the em~odiments of 
the invention described above ~ith reference to the 
examples have been given by way of example on~y and that 
modifications may be effected. Thus, for example, the 
explanat;ons given above for Figures 19 to 39 may apply 
where appropriate to Figures 1 to 18. 
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CLAIHS 

1. A liquid crystal display device comprising a 

liquid crystal cell (6) formed of a twist nematic liquid 

crystal (9) positioned between two electrode substrates 

C7,8> and a pair of polarisers <1,10) which are located 

one on either side of the liquid crystal cell C6>, 

characterised in that at least one layer (5) of an 

optically anisotropic substance is provided between the 

pair of polarisers C1,10> in addition to the twist 

nemati~ liquid crystal (9). 

2. A liquid crystal display device according to claim 

1 characterised in that the optically anisotropic 

substance is a liquid crystal which is oriented between 

two opposite substrates. 

3. A liquid crystal display device according to claim 

1 characterised in that the optically anisotropic 

substance is in a polymeric film state. 

4. A liquid crystal display device according to any 

one of the preceding claims characterised in that the 

optically anisotropic substance is twisted in a 

different direction from the twist direction of the 

twist nematic liquid crystal. 

5. A liquid cry~tal display device according to claim 

3 characterised in that if more than two layers of the 

optically anisotropic substance are used, the directions 

of light axes between at least two layers are different. 

:6. A liquid crystal display device ~ccording to claim 

1 characterised in that each direction of each light 

axis on a surface adjacent to the twist nematic liquid 

crystal is substantially perpendicular to or is 

subst~ntially parallel to the optically anisotropic 

substance. 


