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ABSTRACT OF THE DISCLOSURE

MM

The present invention deals with liquid crystal displavys
where the incidént light and reflected light going
through the display are not specularly related. The
inéident light can be at a range of angles to the display
while the reflected light, 1.e. the viéwing direction is
at or ﬁearly normal to t'he display. For such nonspecular
ligquid crystal displays, the polarizer angles, the
input/output directors of the liquid crystal-cell, and
the liquid crystal cell retardation have to be specially

obtaln the best viewlng effects.

optimlzed tC
Conventional liguid crystal display modes do not work

optimally in this nonspecular situation. We also
disclose the new image-mode and shadow-mode nonspeculaxr
liguid crystal displays . Such displays have very bright
background and are free from viewling glare common in most
liguid crystal displays. The present invention applies
to all twist angles, e.g. the 90° TN, the 120° and 150°

HTN, the 180°, 240° and 270° STN displavys.
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1
LIQUID CRYSTAL DISPLAY WITH

NONSPECULAR REFLECTORS

The present invention relates to a new type of ligquid
crystal display where the input and cutput light beams do

not follow the usual specular relationship.

Liquid crystal displays are usually manufactured with a
Structure as shown in Fig. 1. It comprises an input
polarizer 1, a liquid crystal cell 2, an output polarizer
3 and a reflective diffuser 4. The liquid crystal cell
1s commonly made of two pieces of glass 5,6, alignment
layers 7,8, conductive electrode films 9,16 and the
ligquid crystal material 11 which possesses a twisting

alignment in conformance with the alignment layers 7 and

8 .

In this common reflective (or sometimes known as
transflective) 1liquid crystal display, the 1light 12
enters the display from one direction at some azimuthal
angle ¢ relative to the surface normal 13 of the display.
The corresponding pclar angle of the incident light is ¢
relative to some X-axis on the surface of the display.
Thus the angles specifying the light propagation
direction is given by (f#,d). This light is scattered and

reflected by the difiusive reflectcr and goes through the
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liguid crystal cell once more and is seen by the observer

14. This light intensity is strongest at the reflection

angle (6,¢+m). This 1is called specular reflection or
glare resflection. There is light observable at angles
other than (f,¢+n) as shown because of scattering, but
1ts 1ntensity drops off rapidly as the angle deviates
from 6. The situation 1s depicted in Fig. 2. By the
same scattering mechanism, at any viewing direction
(6,d+t), there is éontribution of light incident from

(f,9), and light from incident angles near (6,9¢).

However, a majority of the 1light is from the (0,0)

direction.

In designing and optimizing such common liquid crystal
displays, the aligrment direction of the top and bottom
glass plates and the placement of the input and output
polarizers are crucial. If one =takes the example of a
90° twisted nematic liguid crystal display, the most
common configuration 1s shown in Fig. 3. The 1input
polarizer P;,, and the input director n;, are aligned at
right angles. The output polarizer P_,., is also

perpendicular to the output ligquid crystal director n,,.

as shown. This i1s the so-cal.ed o-mode operation for the
TN display. The light enters the ligquilid crystal display
from the 12 QO’clock direction 15 and the viewer looks at

the display Zrxom the 6 O’cleck direction 16. This is in

. haiide e vTek] 6140 R | ] p R e ¢ B CARMALRE B, daas 1A W B 1l SR R i R TEL ERL L Tesl TP RHAEERN 1T | PAT K Lo B A G T b e v Crdm sl b ATV e e



CA 02315494 2000-11-03

3
contrast to the e-mocde operation where P,. and n;,, are

parallel, and P, and n,,, are also parallel. The viewling

angle polar plot fcr the o-mode TN display is shown in
Figs. 4 and 5. Fig. 4 is the polar plot for V=0 and Fig.
5 1s the polar plot of transmittance for 2.5V. They show
clearly the optimal viewing direction which is at the 6
O’clock position. The darkest part of the polar plot in
Fig. 5 indicates the light should exit the display at an

azimuthal angle 6 of 30° and a polar angle ¢ of 270°.

This optimization of the viewing angle of the liquid
crystal display is well-known and has been discussed in
the literature. For example, the books by Blinov et al
(Electrooptic Effects 1in Liquid Crystal Materials
Springer-Verlag, 1994) and Bahadur (Ligquid Cry'stals
Applications and Uses, World Scientific, Singapore, 1990)
have discussions on the viewing angle of ligquid crystal
displays. In these discussions, the light is assumed to
traverse the liquid crystal cell at an oblique angle
once. The viewling angle diagram @©olots the contrast of
the display at the working voltages for light going
through the liguid crystal cell at an angle of (4,d)
where # 1s the angle between the light beam and the
surface normal of the liguid crystel cell (the azimuthal
angle) and ¢ 1s the angle between the projection of the

light beam on the ligquid crystal cell surface and the
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reference x-axis (the polar angle). The input director

cf the liquid crystal is also measured referenced to this

X-ax1s. For the case of the 90° twist TN displav, as
shown 1n Fig. 3, the x-axis is usually taken to be at 45°

tec the 1nput dirsctor.

In the traditicnal optimization of the ligquid crystal

display, 1t is generally assumed that light enters at a

C

ertain angle. Many plots of the transmission-voltage

curves have been shown in the literature for various

o~

combinations of the light viewing angle characterized by

(¢,¢). Implicit in such curves, with only one value of
6 specified, it is assumed that light enters'and exits
the cell at the same azimuthal angle. The possibility of
light entering and exiting the liquid crystal cell at
different azimuthal angles is never considered in the
numerical and experimental optimization procedures. The
present invention shows that for the -case of nonspecular
reflection, it is important to perform the siﬁultaneous
optimization of all iImportant LCD parameters by

considering light entering and exiting the LCD at

different angles.

Fig. 6 shown the transmission-voltage curves for liquid
crystal displays operating in the so-called second

minimum. This second minimum Ccorresponds to a
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retardation value, the product of the cell thickness and

the birefringence of the liguid crystal (dAn), of 1.075
um and a licguild crystal twist angle of 90°. Curve 17 is
when the viewing angle and the light entrance angle are

0° (normal to the cell). Curve 18 corresponds to light

entering at ¢=30°, ¢=90° and the display is iri<ewed at

#=30°, &=270°. This is the so-called 6 O’‘clock viewing

condition. Curve 13 corresponds to conditions exactly

opposite to curve 18, i.e. light entering at 6=30°, $=270°
and the display is viewed at 6=30°, ¢=90°. In the 6
O’clock position,‘the liguid crys=zal cell turns off at a
lower voltage and the change in transmission as a
function of voltage (the transmission-voltage or T-V
curve 18) 1s sharper. This leads to a much better
multiplexing capability for this display. Fig. 7 and 8
are similar plots for the cases of 120° and 180° twist

displéys.

In this present invention, we recognize the fact that it

1s possible to manufacture LCDs where the input light

angle and the output light angle are greatly different
(non-specular reflection). Such a possibility of having

non-specular light reflection was pointed out in US

i

patent No. 5,659,408 of M. Wenyon. One way of obtaining

this situation 1is tc wuse the so-called holographic

reflector films (see, for example, M. Wenvon et al,
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"White Holographic Reflector for LCDs", SID Symp. Dig.
1997). There are additionally many types of structured
scattering surfaces that can achieve such non-specular

reflections. However, such prior LCDs do not optimize

the reflection.

It 1s accordingly an object of the invention to seek to

mitigate this disadvantage.

According to the 1invention there 1s provided a ligquid
crystal display, characterised by the incident 1light

direction and the direction of li1ght exiting the display

after reflection being different. directions which are

non-specular.

Using the I1Invention it 1s possible to provide that the
incident and reflected light beams to be at different

angles. The transmission-voltage curves should be

calculated using different values of input and output

angles.

A liquid crystal display embodying the invention thus
has all of its critical parameters simultaneously
optimized allowing for the 1input light angle and the

viewing angle to be different from each other, thus

vielding retardation values of the display that are

S AR R TR AW I ke 1D s A s I ATRINY e U B T 0 VY, et N EPEERM G R M PR LR A B et L P '
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significantly difZerent from conventional liquid crystal

isplays. The polarizer angles, the input/output

directors and/cr the liguid cryvstal cell retardation may

thus be optimized for non-specular operation.

Another significant aspect of the present invention is

the recognition cf the fact that most of the nonspecular

reflectors are monochromatic. Tra+ is r €vVen with white

light input, the reflected light will have =a color, e.qg.
greenmn. Hsnce the cptimization of the nonspecular LCD
dces not have to <ake inte account color dispersion.
effects. One can assume a monoc:hromatic iight as the
input. Of course, this invention does not-prGClﬁde thé
situation where the nonspecul_ar reflector can be ﬁide

band or can reflect white licht as well.

. .-

It 1s therefore possible using the invention to provide

& set or sets of operating conditions for LCDs
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that are made with non-specular scattering reflectors.
Such non-specular LCDs are classified into two broad
categcories: <LThe Image mode (1-mcde) and the shadow mode
(s-mode). In both the i-mcde and the s-mcde, the light
comes 1nto the LCD from the 12 O’clock direction with
$=920°, and with @ off typically about 30-45°,. The
reflected light exits the LCD at near normal incidence,

which 1s the convenient direction for viewing an LCD.

In the i-mode, the polarizer directions and the input

director of the liquid crystal cell are placed in the

same manner as an ordinary ligquilid crystal display viewed
at 6 Q'clock. In this way, lightt enters the LCD from the
12 O'clock direction, and viewecd at near normal. Using

the ‘ 90° TN LCD as an example, the resultant T-V curve
will correspond to multiplving the T-V curves 17 and 10
in Fig. 6. As a comparison, in the conventional specular
LCD, with light incident from the 12 O’clock direction
and viéwed at the 6 0O’clock direction, the overall T-V

curve would correspond to multiplying curves 18 and 19.

In the s-mode, the entire polarizer-ligquid crystal cell-
analyzer assembly 1s rotated 180° while the nonspecular
refiector 1s not changed. In this way, light still

enters from (30-45°, 90°) and is viewed at (0°,0°).

However, the overall T-V curve should be represented by

A=t e edd = s e e (AN W | St g Ly M AL B D HS A iy
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the product of curves 17 and 18 in Fig. 6. The most

important observation

=
Ul

that the s-mods turns cn much

earlier at a much lower veltage than the i-mode-device

Morecver, the overall transmission-voltage curve 1S much
Steeper 1in the case of the s-mode than the i-mcde

Steeper T-V curve means that more data can be shown on

the display with less cross talk. Both the nonspecular

l-mode and s-mode are different from the specular I1.CD in

terms of the T-V curve.

i 1

s

While Fig. 6 illustrates the ldea of the present
invention using the 20° TN LCD, the same idea applies to
all twist angles. For example, Figs. 7 and 8 show thé

transmission-voltage curves for the Case of 120° twist

and.}80°'bwist'displays. 1T can be seen that there is a

large difference ketween 6 O’clock light incidence and
12 O’clock 1light incidence as well. Thus for non-
Specular reflection displays, the arrangement of the
polarizers and the directions of the viewing angle and
light incident angle are critical in Oobtaining a good

contrast display.

The fact that the taking into account of the angle of

incidence in optimizing both +whe s-mode and i-mode
display is illustrated by Fig. 9. In this
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as a function of the dAn value of thne ligquid cCrystal.
Hers d stands for the thicxness of the liguid crystal
cell and An is the birefringence of the liguid crystal
material. Thers are four curves with 1light incident
angles ranging from 0° to 60°. LT can clearly be seen

that the pcsition of the first minimum (actually the
first peak with 100% normalized Cransmittance) shifts to
lower velues as the light incidence angle increases. The

difference between the (0° casea and 60° case is as much as

50% decrease in dAn.

The polarizer placement is also important in cptimizing

the i-mode and s-mode displavys. Agaln, using the 120°
twist display as an example, Fig. 9 shows the
transmittance as a function of dAn for the polarizer
arrangement shown in Fig. 10. It can be seen that the
peak of the first minimum has shifted to a lower dAn

value as the light incident angle is increased to 60°.

However, if the polarizer arrangement is changed to the
one shown in Fig. 11, then the peak shifts to & larger

value of dAn as the _ight incident angle is increased, as

shown in Fig. 12.

In Fig. 13, the need for optimization of the non-

takling into account both the

specular display 1s shown,

angle of incidence and angle cf reflection. In Fi1g. 13,

N e e IR B A A L 0 s 2l et A N T, b ade e atD LV A St
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we plot the change in transmittarce as

by

a function of dAn

ruds

o O Q - - L. . -
tor 0° and 60° ancle of incidence. We also plot the

procuct of the two curves since Light will traverse the

B

liquid crystal cell &t +thes

i " —
.

WO directions. This

(D

represents the non-specular

R

eflection case of light
incident at 60° degree to the display and viewed at near
normal angle. It can be seen that the shifts in the peak

O0f the first minimum is not as drastic, but nonetheless

1s still significant.

: Ral o~ y Ty , + . - . B
For a Dbetter uncaerstanding of the present invention,

embodiments will now be described by way of example, with

reference to the accompanying drawings, in which:-

Fig. 1 shows the components of a typical known liguid

crystal display;

Fig. 2 shows the Sscattering of 1light by a common

diffusive reflector used in transflective LCD:

Fig. 3 shows the commcn alignment of polarizers and
liquid crystal directors for a 90° TN LCD, for opt]

viewing at the 6 O’clock position:

b
l
i)
} -
N
(D
()
(1
O
B
)
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as shown in Fig. 3:

1 : , ’
F1g. 5 shows the polar plot cf the 2.5V Cransmittance of

an~?® m T M A+ ] = . e
20" TN LCD with polarizers and Lliquid crystal directors

ds shown in Fig. 3;

Fig. 6 shows the transmission-voltage curves for the 90°
TN LCD for light €ntering the displavy at various angles

of incidence. Curve A is when the viewer 1is at -30Q° (6

O’clock), curve B is when the viewer at (° (necrmal to the
cell), and curve C corresponds tc the viewer at +30° (12

O’clcck);

Fig. 7 shows the transmission-voltage curves for the 120°

Q7clock), curve B is when the viewer at 0° (normal to the
cell), and curve C corresponds to the viewer at +30° (12

Q’clock);

F1g. 8 shows the transmission-vcltage curves for the 180°

IN LCD for light 2snzering the displavy at wvarious angles

Cf incidence. Curve A is when the viewer is at -30° (6
7 - . 4 *

O’clock), curve B is when the viewer at 0° (normal to the
) * ) ‘

ce-l), and curve (¢ corresponds to the viewer at +30° (12

C'clock) ;
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F1g. 9 shows transmittance of the 120° twist LCD as a

Fig. 10 shows a regular polarizer errangement:
F1g. 11 shows an inverted polarizer arrangement:

Fig. 12 shows transmittance of the 120° twist LCD as a

tunction of dAn for variocus light angles of incidence;

Fig. 13 shows transmittance of the 120° twist LCD as a

function of dAn for the cases o7 0° and 60° angles of

1lncidence for the regular polarizer drrangement in Fig.

12

Flg. 14 shows alignment of the polarizers and the liquid

crystal directors for the first preferred embodiment:;

Fig. 13 shows alignment of the polarizers and the ligquid

Crystal directors for the second preferred embodiment:

¥1g. 16 shows alicnment of the pclarizers and the liguid

crystal directcrs fcr the third preferred embodiment ;

edbel B qn e . CHNPMLE v P - . .
] ' B Treom ot Wt hea e e 43 R M SO e Lt R LRI ¢ A P It e bR e e b A Sl b S AR B By W a2 44t st 3t b | el >MIP o) AT Bl Wy r

- . . T . el Do SIS ANADGR M PREF Y rNosen o L

. T A 1 4 Al MM R M IR A P LR AL e nidafle t



CA 02315494 2000-11-03

In the first embodiment cf the new Liquid crystal displavy
accorcding to the present 1nvention, the alignment of the

polarizers and the liquid crvstal directors are as shown

in Fig. 1l4. The polarizers are at or near 90° to each

other, and are disposed symmetrically with respect to the

input and output directors of the liquid crystal cell.
In.'this embc-diment, the input polarizer P., 1s on the same
side as the inpuﬁ director n;, relative to the V-axis.
The twist angle of the ligquid crystal, which corresponds
to the angle between n,, and n.., can be any angle from
60° to 270°. 1In paxticular, it can be J0° TN, or a 12Q°

HTN, or a 180°-240° STN displavy. The walues of the

crystal cell can be any of the values listed in Table TIT
below. For each twist angle, the dAn value can

correspond to the first minimum or second minimum

dccording to the design of LCDs. This embodiment
corresponds o a 5 0’clock viewing of the LCD. In this
arrangement, lLight enters the display from the =9 (°

directicn at an obl_.gue angle and viewed at near normal

cdiresction. This is also the i-mode displavy.

-1 the second <embcdiment ofFf the npew ~rguid crvstal

b e aaadiae MM g AN A M AT L, o et
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display according to the LNVention, the alignment of the

rstas !l A7 o =3
Sta. Cdrectors are as Shown

in Fig. 15 ~ne polarizer
F 5. 15. The polarizers are at or neas- 20° to each

P - A o e 3 . .
otner, and are ~sk-sea symmetrically with raspect to the

input and output directors of the liguid crystal cell

In this embodiment, the input polarizer P.. 1s on the
Opposlite side as the input dirsctor Nn;, relative to the
YV-axls., The twist angle of the liquid crystal, which
correspopds to the angle between nm_ahd Newe, Ca&N be any
angle from 60° tc 270°. In particular, 1t can be a g9p°
TN, cxr a 120° HTN? Oor a 180°-220° 87N display. The values
©f the thickness d times the birefringence An of the
liquid crystal cell can be any of the values'listed in
Table III below. For each twist angle, .the dAn Value can
correspond to the first minimum or second minimum
according to the design of LCDs. This embodiment
Corresponds to a 5§ QO’clock viewing of the LCD. Tn this
arrangement, light enters thé dlisplay from the $=90°

direction at an oblique angle and viewed at near normal

hd +- L * ¢ . "
direction. This is also the L-mode display

In the third embodiment of the new liquid crystal display

according to the invention, the alignment of the
polarizers and the ligu-d crvstal directors are a5 shown

at 2r necacr 90° to ezch

(b

] - 1A el -bah
in rrg. 1lb6. The polarizers ar

2 sdadliialbsadossunsses sen  sn Beesn. 0 A48 152 1 CUBCASS, Sl Fod -
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otner, and are disocsed symmetrically with respect to the

input and cutput direc:

COrs of the licuid Crystal cell.
In this empodiment, the input polarizer P.. 1S on the same
side as the input director n.. -slative to the y-axis.
The twist angle cf the liguid crystal, which correspcnds
to the angle between n,, and n.., can be any angle from
60° to 27.00. ln particular, 1t can be a 90° TN, or a 120°
HTN,' or a 180°-240° STN displavy. The wvalues of the

thickness d times the birefringence An of the liquid

chstal cell can be any of the values listed in Table IIT
below. For 'each twist 'angle, 'the dAn wvalue can
correspond to the first minimum or second minimum
according to the: cesign o<¢f IL(CDs. This embodiment
corresponds to a 12 0O’clock vieﬁing of the LCD. 1In t‘his'
arrangement, Jlight enters the display from the ¢=90°
direction at an oplique angle‘and viewed at near normal

direction. This is also the s-mode display.

In the fourth embodiment of the new ligquid crystal
display according to the 1nvention, the alignment of the
polarizers and the liguid crystal directors are as' shown
in Fig. 17. The pclarizers are at or near 90° to each
other, and are dispcesed symet::icaily wWlith respect to the

input and output directors of the liguid crystal cell.

B b b N T : v R : N ’ 1
In thls embodiment, the input polarizer P.. 1s on the
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Ooppcsite side as the input director n., relative to the

V-axis. The twist angle of the liguid crystal, which
corresponds to the angle between n.. and n_.., can be any
angle from 60° to 270°. In particular, it can be a 90°
TN, or a 120¢° HIN, or a 180°-240° 8TN diéplay. The values
0f the thickness d times the birefringence An of the
liquid crystal ;:e.ll can be any of the values listed in
Table III below. For each twist angle, the dAn value can
ccicres;mnd Lo the first minimum or second minimum
acfciording | to the design of LCDs. This embodiment

corresponds to a 6 O’clock viewing of the LCD. In this

arrangement, light enters the display from the ¢-90°
direction at an obligque angle and viewed at near normal

direction. This is also the s-mode display.

In thé fifth embodiment 'of this new liquid crystal
display, the rear polarizer can be absent. The normal
version of this display has been discussed by Yu et al,
'"A New TN-LCD Mode Reﬁlective LCD with Large Cell Gap“ and
Lcw Operating Vol'taigé., Pp 155-158, Int’l Display Research
Conference, Torontc, 1997. In the embodiment dliscussed
here, the ncnspecular reflector 24 can be placed inside
the liquid crystal cell as shcown in Fig. 18. In this

preferred embodiment, conly an input polarizer 17 is

needed. The liguid crwvstal displavy consists of the usual

glass substrztes 13 and 12, the ligquid crvstal allignment
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layers 21 and 22 he Cter '
) 1 a: <«, the patterned conductive Cransparent

eleCtrodes 20 and 22, and the liguid crystal 25. The

nenspecalar reflector 24 may or may not have a protective

Ccating between itself and the patterned electrode 23

The twist angle and the polarizer angles are optimized

for oblique incident 1light and near normal viewing
Since the nonspecular reflector 24 is inside the liquid
crystal cell, there is no shadow effect. Both the shadow

mode and Iimage mcde can be seen simultaneously

Depending on the polarizer arrangement as described in

the previous preferred embodiments, the display can be
elther in the s-mode or the i-mode. For the s-mode
operaticn the threshold is signifj_r:antly lowered and the

T-V  curve significantly sharper than the i-mode

operation.
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7arious LCD modes. A1l angles

= X-aX1Ss which is hcecrizontel

CO the viewing dirsction pointing frem left +o right.

T -

“m
TWIST INPUT QUTPUT INPUT QUTPUT
ANGLE DIRECTOR | DIRECTCR POLARIZER | POLARIZER
ANGLE ANGLE ANGLE | ANGLE
| go0° 45¢ 135¢ 15 -45° |
- TE
15Q° 4 5° ~45° |
—_— P Y
_ 7
165° 45° ~-45°
—_— 9 TEo ]
" 18(Q° 0° | 180° 45° ~45° !
24(° . =30° 210° 45° l -45°
| - _ S - ]
-~—-—-—--_—---.-.._.___.._.__________ T e,—————————m———————ee—e———
TABLE IT

—7“—__——“—_\_

L S e e —

right
TWIST INPUT
ANGLE DIRECTOR
ANGLE
90° ¢ 5°
120° 30°
150° 15°
180° 0° -
| 240° ' =2 |
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DIRECTOR
ANGLE

|
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150°
165°

180°
210°
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ANGLE
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~482
-4 57

-4 5°

QUTPUT
POLARIZER

ANGLE B
————__‘_——_—__-__—J

457

45°

~30° |
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| TWIST FIRS FIRST S - i
: FIRS ST SECOND SE
| ANGLE MINIMUM MINIMUM MINIMUM 4MIN§§g§
(um) AT $60° (um) AT $60°
INCIDENCE INCIDENCE |
(m) | ( um)
i ' r—— L — " M
90 | 0.5 0.4 1.075 0.95
11 O N‘
120 0.6 0.52 1.24 1.2 .
-y | 0.6 - 4ot
| 150Q° 0.64 0.58
180¢° . 0.63 0.61
’ 240° 0.66 0.56
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WE CLAIM:

1. A liquid crystal display, comprising:
(1) an incident light direction;
(11) a direction of light exiting the display after

reflection; and

(111) said directions being different and non-

specular.

2 . A liquid crystal display as defined in Claim 1,
whereas incident angle(s) of light beams and reflected

angle(s) of light beams are different from one another.

3. A liquid crystal display as defined in Claim 2,

wherein that transmission-voltage curves therefor are

calculated using said different values of input and

output angles.

4. A liquid crystal display, as defined in Claim 1,

wherein said display comprises a ncn-specular scattering

reflector.

5. A liquid crystal display as defined in Claim 1
wherein said display comprises an input polarizer, a
liquid crystal cell, and a non-specular reflector at the

rear of the display.

Tt e M At M i) (O MM EHE AR 6 AR | i d o adv AR s Ayt A O ATVME ¢ rimids A TRARKS TAPEH TRl 44 L W S tdnldne dadrse
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6 . A liquid crystal display as defined in Claim 2,

wherein said display comprises an input polarizer, a

liquid crystal display and a non-specular reflector at
the rear of the display, and wherein said display 1is
characterised by light entering the display at an aﬁgle
¢ to the surface normal of the display, and by being
viewed at an angle #’to the surface normal of the

display, where 6’ is significantly different from 4.

7. A liquid crystal display as defined in Claim 6,

whereby said angle # is between 30°-60°.

8 . A liquid crystal display as defined in Claim 6,

wherein said angle # is between 0°-10°.

9. A liquid crystal display as defined in Claim 4,

wherein said non-specular reflector is a holographic

reflector.

10. A liquid crystal display as defined in Claim 5,

wherein the said display comprises a rear polarizer.

11. A ligquid crystal display as defined in Claim S,
wherein said display comprises a rear polarizer, and

wherein there is a retardation film placed between said

liquid crystal cell and said rear polarizer.

T i S S T s’ ar T



CA 02315494 2000-11-03

23

12. A 1liquid crystal display as defined in Claim 5,

wherein said display comprises a twist angle of 90°+10°,

a thickness times birefringence product of 0.5%0.1 um,

and wherein polarizer(s) and liquid crystal director(s)

are arranged to provide an image mode (1-mode)

operation.

13. A liquid crystal display as defined in Claim 5,

wherein said display comprises a twist angle of 90°+10°,

a thickness times birefringence product of 1.075+0.1 um,
wherein polarizer(s) and liquid crystal director(s) are

arranged to provide an image mode (i-mode) operation.

14. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of

120°+10°, a thickness times birefringence product of

0.6#0.1 wum, wherein polarizer(s) and liquid crystal
director(s) are arranged to provide an image mode (1-

mode) operation.

15. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
120°+£10°, a thickness times birefringence product of

1.24+20.1 pm, wherein polarizer(s) and liquid crystal

director(s) are arranged to provide an image mode (1i-

mode) operation.
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16. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
180°%+10°, a thickness birefringence product of 0.62%0.1

um, wherein polarizer(s) and liquid crystal director(s)

are arranged to provide an image mode (1-mode)

operation.

17. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
180°£10°, thickness times birefringence product of
1.25¢0.1 wum, wherein polarizer(s) and liquid crystal
director(s) are arranged to provide an image mode (1-

mode) operation.

18. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
240°+10°, a thickness times birefringence product of
0.6520.1 um, wherein polarizer(s) and liquid crystal
director(s) being arranged to provide an image mode (1-

mode) operation.

19. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
240°+10°, a thickness times birefringence product of
1.340.1 wum, wherein polarizer(s) and liquid crystal

director(s) are arranged to provide an image mode (i-

Ssss et ks M RTINS ] T e M A S b ety Lo 14 LE Ct e e e o LR (A AR 4 PRI T Ve b e s gt '
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mode) operation.

20. A liquid crystal display as defined in Claim 5,

wherein said display comprises a twist angle of
20°1240°, by polarizer(s) and liquid crystal director(s)
are arranged to provide an image mode (1-mode)

operation.

21. A liquid crystal display as defined in Claim 5,
wherein said display comprises twist angle of 90°+10°,
a thickness times birefringence product of 1.07520.1 um,
wherein polarizer(s) and liquid crystal director(s) are

arranged to provide a shadow mode (s-mode) operation.

22. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
120°%10°, a thickness times birefringence product of
0.620.1 um, wherein polarizer(s) and liquid crystal
director(s) are arranged to provide a shadow mode (s-

mode) operation.

23. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
120°+10°, a thickness times birefringence product of

1.24%0.1 um, wherein polarizer(s) and ligquid crystal

director(s) being arranged to provide a shadow mode (s~
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mode) operation.

24. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
180°+10°, a thickness times birefringence product of

0.62£0.1 wum, wherein polarizer(s) and liquid crystal

director(s) are arranged to provide a shadow mode (s-

mode) operation.

25. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
180°+10°, a thickness times birefringence product of
1.2520.1 wum, wherein polarizer(s) and liquid crystal
director(s) are arranged to provide a shadow mode (s-

mode) operation.

26. A liquid crystal display as defined in Claim 5,

wherein said display comprises a twist angle of
240°110°, a thickness times birefringence product of
0.6520.1 um, wherein polarizer(s ) and 1liquid crystal
director(s) are arranged to provide a shadow mode (s-

mode) operation.

27. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of

240°1+10°, a thickness times birefringence product of
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1.330.1 um, wherein polarizer(s) and liquid crystal

director(s) are arranged to provide a shadow mode (s-

mode) operation.

28. A liquid crystal display as defined in Claim 5,
wherein said display comprises a twist angle of
90°1240°, wherein polarizer(s) and liquid crystal

director(s) are arranged to provide an shadow mode (s-

mode) operation.

29. A liquid crystal display as defined in Claim 5,
wherein said display comprises a polarizer and ligquid

crystal alignment as shown in Table I, and by

retardation values as shown in Table IIT.

30. A liquid crystal display as defined in Claim 5,
wherein said display comprises a polarizer and ligquid
crystal alignment as shown in Table II, and by

retardation values as shown in Table IITI.
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RECEIVED WITH THIS APPLICATION
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