PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

£/4 0033334

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(11) International Publication Number: WO 81/00463

(43) International Publication Date: 19 February 1981 (19.02.8 1))

(51) International Patent Classification 3:
Al
GO2F 1/133

(21) International Application Number:  PCT/US80/00913
(22) International Filing Date; 22 July 1980 (22.07.80)
(31) Priority Application Number; 061,286
(32) Priority Date: 27 July 1979 (27.07.79)
(33) Priority Country: Us

(71) Applicant: MINNESOTA MINING AND MANUFAC-
TURING COMPANY [US/US]; 3M Center,P.0.Box
33427, St. Paul, MN 55133 (US).

(72) Inventors: CHERN, Mao-Jin; HUFFMAN, William, A..;
NOVACK, James, C.; P.0. Box 33427, St. Paul, MN
55133 (US).

(74) Agents: BOVEE, Warren, R. etal,; Office of PatentCoun-
sel, Minnesota Mining and Manufacturing Company,
P.0. Box 33427, St. Paul, MN 55133 (US).

(81) Designated States: AT (European patent), CH (Euro-
pean patent), DE (European patent), FR (European
patent), GB (European patent),JP,LU (European pat-
ent), NL (European patent), SE (European patent).

Published
With international search report

(54) Title: DISPLAY DEVICE WITH DYNAMIC INTERNAL POLARIZER

(57) Abstract

Improved twist nematic liquid crystal display (1) incorporating dynamic, internal, pleochroic polarizer. Preferred dynam-
ic, internal, pleochroic polarizer comprises pleochroic dye admixed with liquid crystal composition (15). Display device (1) of
present invention provides improved performance, as measured by contrast ratio, and can provide advantageous color effects.




FOR THE PURPOSES OF INFORMATION ONLY

Codesused toidentify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT Austria KP Democratic People’s Republic of Korea
AU Australia LI Liechtenstein
BR Brazil LU Luxembourg
CF Central African Republic MC Monaco

CG Congo MG Madagascar
CH Switzerland MW Malawi

cM Cameroon NL Netherlands
DE Germany, Federal Republic of NO Norway

DK Denmark RO Romania

FI Finland SE Sweden

FR France SN Senegal

GA Gabon SuU Soviet Union
GB United Kingdom ™D Chad

HU Hungary TG Togo

JP Japan Us United States of America




WO 81/00463 PCT/US80/00913

10

20

25

Description

Display Device With Dynamic Internal Polarizer

" Technlcal Field

This invention relates to liquid erystal display
devices. More particularly, this invention relates to
twist nematic liquid crystal display devices incorporating
a dynamic, internal, pleochroic polarizer.

Background Art

Twist nematic liquid crystal displays are well known
and have found increased usage in a variety of electronic
devices in recent years. Such display devices employ a .
twist nematic cell having on the inner surfaces, electrodes,
a liquid crystal alignment layer, and, contained within the
cell, a layer of liquid crystal. The alignment layer 1is -
oriented so as to cause the liquid cerystal molecules to
assume a twisted configuration e.g. a helical alignment
across the cell. Under the influence of an electric field,
the molecules of liquid crystal adjacent the électrodes are
caused to realign in a characteristic way. Such a cell can
act to rotate polarized light or allow the light to pass
through without rotation depending on the alignment of the
molecules. When combined with polarizer elements on either
slde of the liquid crystal layer, the combination can be
made to act as a light valve, blocking all light (in the
ideal case) from passing through in selected areas. In
this way, the combination can be used as an information
display device.

Since liquid crystal displays employ polarizing
elements and aligned liquid crystal layers, their perfor-
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mance 1s dependent on the optical properties of such
materials. Generally, dlchroic polarizers are employed l1n
such displays. Due to the light absorption characteristlcs
of the dichroic dye moleciles in the polarizing element and
imperfections in the molecular arrangements of these mater-
ials, polarizing elements do not generally act as ideal
polarizing elements, but allow "leakage" of some light
throughout all or a portion of the visible spectrum other
than the desired polgrized component. This leakage can be
readily observed by crossing a pair of linear polarizing -
elements at the extinction angle and observing that light
is transmitted through the crossed polarizers even though
no light would be transmitted through a pair of ideal
polarizers so crossed.

The effect of this behavior on a twist nematic display
is that some light "leaks" through the display even when
the display is in the off state. This effect has prevented
the construction of a satisfactory "dead panel" display,
that 1s, a display which appears to be pompletely dark in
the off state while still being sufficiently transmissive
in the on state. This 1s a particularly troublesome .
problem in the construction of a display wherein the diéplay
is lighted with a light source placed behind the display
since the light leakage affects the apparent photopic
contrast ratio (the ratio of visible light transmitted in
the on state versus the off state).

This condition is made worse by the imperfection of
alignment and natural birefringent character bf the liquid

crystal material employed in the twist nematic cell.

Because of the effect of the liquid crystal material on the
light passing through the cell, the light leakage of the
display device may be substantially greater than the leakage
of the polarizing elements alone.

The resultant effect of the above characteristies is
that significant amounts of light can pass through the
display even in the off or dark state. A "dead panel
appearance 1s difficult to achlieve with such a display and
the contrast ratio between the on and off state is not
normally as hiph as desired for critical applications, such
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as instrumentation displays and the like, where quick
recognition of a change in state, i.e., "off" to "on",

is essential. Moreover, the contrast ratio of the display
when viewed at certaln angles to the normal are signifil-
cantly reduced due to birefringent effects of the liquid
crystal molecules.

Disclosure Of Inventlion

The 1liquid crystal display devices of the pfésent
invention overcome many of the dilsadvantages of previously
known displays by employlng a dynamic, pleochroic, internal

polarizer means in combination with a conventional twist
nematlic liquld crystal display means. In a preferred
embodiment of the present inventlon, the internal polarizer
means comprises one or more pleochrolc dyes which,K can absorb
light in the visible région, i.é., nominally in the range of
about 400 to 700 nanometers. Pleochroic dyes whiech are
compatiblé with liquid crystals and which functién in the
known guest-host relationship can be coﬁtrblled through
application of an external stimulﬁs, such as by application
of an electric fleld to the liquid crystal layer. This ®
effect 1s discussed, for example, in U.S. Patents 3597044,
3833287 and 4154746,

Thus, the polarizing effect of the pleochrolc dye 1s
dynamic since it can be turned on and off. In the polar-
izing mode, the dye acts as a selective polarizer, absorbing
certaln wavelengths of polarized light vibrating parallel
to 1ts chromophoric axls. However, when caused to reorient
by the application of an electric fleld across the liguild
crystal layer, the dye allows light to pass substantially
unaffected.

The result of using the dynamic internal polarizing
means in combination with a pair of conventional, fixed,
polarizing elements exterior to the liquid crystal layer is
to absorb significant amounts of light which would otherwise
contribute to leakage by the polarizing elements, i.e.,
light leaked through a palr of polarizers in the crossed or
extlinection position. The effect of thls absorption can be
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observed as a darker background in the off state and
resulting enhanced contrast ratio and enhanced off-axils
contrast. By proper choice of the pleochroic dye,
polarizing elements, orientation of the polarizing elements,
or addition of isotropic dye, a more neutral density back-
ground or other desirable color effects can be achieved.

Since the preferred pleochrolc dyes are absorbent in
the orientation accompanying the off state of the device
and substantlally non-absorbent in the orientatlon corres-
ponding to the on state of the liquid crystal display, the
transmission or brightness of the display in the on state
is not significantly reduced. As can be appreclated, the
brightness and contrast ratio will be somewhat dependent
on the optical order paraméter of the dye. Thus, dyes
having relatively high order paraméters, é.g., 0.5 and most
preferably 0.7, are particularly preferred for use in the
present invention although dyes having lower order para-
meters can also be used where brightness is not of major
concern.

A typical twist nematic display which exhlbilts a photo-
plc contrast ratio of about 135:1 can be improved by use of
the dynamie, internal polarizing means according to the
present invention to provide a photopic contrast ratio of
about 200:1 or gfeater. Such improvement in contrast ratio
can often be achleved while retaining about 80% of the
transmission the display would exhibit wilthout the internal
polarizer. Moreover, the off-axls contrast of the display
is improved due to reduction of the observable birefringent
characteristics of the display.

The pleochroic dye is used in comblnation with a
liquid crystal composition having positlve dielectrilc
anisotropy. As used herein, the term "liqﬁid crystal .
compositions having positive dieléctric anisotropy" includes
positive nematic liquid crystal compounds, mixtures of such
compounds and mixtures of positive and négative compounds
exhibiting net positive dielectric anisotropy. Other
ingredients commonly used in liquid crystal mlxtures can
also be incorporated in the composition, for éxample,

)
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chiral dopants, such as cholesteryl nonanoate, can be added
as well as 1sotropic dyes and the 1like.

The pleochroic dye can be employed in varying amounts
depending on the polarizer used, the light absorbing pro-
perties of the dye, the optical order parameter, the trans-
missivity required, etc. It.has been found that even small
amounts of the dye, e.g., below 0.1%, by weight of the
liquid crystal composition, can be effective. Amounts
above about 0.1% by weight and particularly abové 0.5% by
welght, are preferred. As the amount of the dye is
increased, the transmission of the display in the off state
may be reduced and generally amounts greater than about 2%
by welght are not used unless significant decreases in
transmission can be tolerated. As noted above, dyes wilth
relatively high optical order parameters aré desirable
since they can be employed 1in amounts which absorb signifi-
cant amounts of light yet do not cause a decrease in the
transmission beyond a desired lével, e.g., about 80% of the
transmission level without the dye. '

Brief Description of Drawings _
FIGURE 1 1s an exploded perspective view of the
elements of a twist nematic display representing the mole-

cules of ligquid crystal ina helical twist configuration.

FIGURE 2 is a cross section along line 2-2 of FIG 1 of
the assembled device shown in FIG 1.

FIGURE 3 is an operative embodiment of the elements
shown in FIG 1.

FIGURE 4 is a graph showing the transmission character-
istics of typical polarizing elements and display devices
and a superimposed photoplc response curve.

FIGURE 5 is a graph showing transmission curves for
certain pleochrolc dyes imposed on certain of the curves
shown in the graph of FIG 4,

FIGURE 6 is a graph showing transmission curves for a
blue polarizer and a red pleochroic dye, which combination
can provide a unique colored display.
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Detalled Description

Referring now to the drawings, there is shown in FIGs
1l and 2 an exploded perspective view of the elements of a
twist nematlic liquild crystal display 1 comprising trans-
parent cell walls 3 and 5. These cell walls 3 and 5 may
be joined together at their perimeter by sealing means 7
to form a closed cell. Typlcally, the cell walls are of
transparent glass or plastic, while the sealing means 7
can be an organic or inorganic sealant. Organic sealants
are typified by heat and photo curing epoxide polymers,
while inorganic sealants may be glass or metals.

The interior of the cell walls 3 and 5 generally carry
one or more transparent, conductive eléctrodes 9 and 11.
These are represented by a vertical stripe in FIG 1 for the
sake of simplicity, although many complex single or multiple
electrode patterns can be used to convey information.
Typically, a dot matrix electrode pgttérn or a seven-

segment or other segmented electrode 1s used to convey the
desired information. Typibally, thesé électrodes are vapor-
deposited coatings of metal oxides, such as indium oxide;or
tin oxide. , ?
The inside surfaces of cell walls 3 and 5 also typi-
cally are provided with an orienting layer 13 having an
orlentation direction represented by arrows 1l running
vertically on cell wall 3 and horizontally on cell wall 5.
This orienting layer may be formed by rubbing the surface
of the cell wall uniformly withrubbingcompouﬁd, such as
rouge, or other material, to orient the surface molecules
of the cell wall in the desired pattern. Alternatively, a
coating of silicon monoxide or other known alignment mater-
ial can be vapor deposited in the desired pattern to act as
an alignment layer. For most applications, a linear
orlenting pattern is appllied uniformly across the cell wall
although for some applications, differentially oriented
pattern may be used where different areas, e.g., background
versus electrode areas, are aligned in different directions.
The cell formed by cell walls 3 and 5 and sealing
means 7 contains a nematic liquid crystal composition 15
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(represented by oriented individual molecules in FIG 1)
comprising one or more nematic liquid crystal compounds.
The nematlc liquid crystals typically comprise rod-like
molecules which can be caused to assume a homogeneous
(parallel) alignment. By orienting the alignment layers 13
on cells 3 and 5 such that they are substantially perpen-
dicular to one another, the molecules of the nematic
composition 15 are caused to assume a helical, twisted
orientation rotated through about 90° from one cell wall to
the other. Display cells containing liquid erystals having
the twisted configﬁration are commonly called twisted
nematic liquid erystal displays or twisted nematic field
effect displays.

The nematic liquid crystals useful in the present
inventiOn are any of the liquid erystal materlals which are
useful in a twist nematic cell. Generally, nematic liquid
crystals having positive dielectric anlsotropy, or mixtures
having a net positive dielectric anisotropy, are'preferred.
Many such materials and mixtures are well known.

Typlcal 1liquid erystal compounds exhibiting positive
anlsotropy and useful with the pleochroic dyes describedf
herein are trans—ﬂ-n—pentyl—(u'-cyano-phenyl)-cyclohexane,
trans—a-n-pentyl—(ﬂ'-cyano—biphenyl—ﬂ)—cyclohexane, p-n-
hexylbenzylidene-p'-amino-benzonitrile, p-methoxybenzyli-
dene-p-amino-benzoinitrile, p—ethoxybénzylidene-p'—
aminobenzonitrile, p-cyano-benzylidene~p'-n-butyoxyaniline,
p-cyanobenzyl-ldene-p'-octyloxyaniline, and compounds having
the formula

0

0
{1 ]
x— CN, R —@ c-0 -@01\1 and R@-O-—C CN

wherein R = alkyl or alkoxy of 107 carbon atoms and X is
alkyl or alkoxy of 1-10 carbon atoms.

Eutectic mixtures and combinations of all the above
are alsouseful. Illustrative eutectic mixtures of U4'-
substituted 4-cyanobiphenyls wherein the U' substituents
are alkyl or alkoxy of 3 to 8 carbon atoms. Representative
1s the commercially available "E-7" mixture from B.D.H. Ltd.

. WIPO
J-{ 7’17...\', -
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Yet another useful mixture of compounds comprises mixtures
of the phenyleyclohexanes referred to above such as mixtures
comprising the U-alkyl-(l'-cyanophenyl)cyclohexanes,
mixtures comprising U-alkyl-(l'!'-cyanobiphenylyl)eyclohexanes,
and mixtures comprising both types of compounds. One useful
commercial mixture is a four-component mixture avallable
from EM Laboratorlies, Inc., identified as Nematic Phase 1132
TNC "Licristal". This mixture comprises by welght approxi-
mately: 14% trans-ld-n-pentyl-(4'-cyanobiphenylyl)cyclo-
hexane, 26% trans-h—n-propylL(M'cyanophenyl)cyclohexane,
36% trans-lU-n-pentyl-(l'-cyanophenyl)cyclohexane, and 24%
trans-4-n-heptyl-(4'cyanophenyl)cyclohexane.

Useful groups of nematle liquld crystal compounds and

' compositions having negative anisotropy are represented by

the following groups of compounds: p-methoxybenzylidene-
p'-n-butylaniline, p-methoxybenzylidéne-p'-amino-phenyl—
benzoate, p—methoxybenzylidené-p'—amino-phenylacgtate,
p-azoxyanisole, p-n-butylbenzoic acid p'-n-hexyloxyphenyl
ester, p(p'-ethoxyphenylazo)phenyl heptanocate, p(p'-ethoxy-
phenylazo)phenyl undecylenate, p-butyoxy benzylidene—p't;
pentylaniline, and p-ethoxybenzylidene-p'-n~-butylaniline.

Certaln of the negative nematic liqﬁid crystalline
compounds described above are disclosed in U.S.

Patents Re 29349, 3829491, 3809656, 3994567 and 3703331.
When the negative'nématic compounds are combined with the
positive nematic compounds, combinations can be provided
which have a2 net positive anisotroepy. This may be achieved
using only relatively low percentagés of materials with
high positive anisotropy when the other materials have
relatively low negative anisotropy.

The liquid crystal in the twisted conflguration has
the abllity to cause polarized light to rotate 90° (or
other angle between the direction of orientation of the cell
walls, e.g. typically bétwéen 75° and 105°) as it passes
through the cell.

When coupled with a pair of polarizing elements 17 and
19 (polarizing light in the direction represented by arrows
21) on either side of the 1liquid crystal material 15,
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(located either interior or exterior (shown) of cell walls
3 and 5) the combination can function as a light valve by
application of an electric field from voltage source 23
through switch 25. )

In operation, light, e.g., from a source represented
by bulb is used to back-light the display. The light source
may be separated from the dilsplay by a diffusing layer,
louvered film or the like to cause the light to more
uniformly illuminate the display. Light from soﬁrce 27
passes through and 1s polarized vertically by element 19.
The vertically polarized light is rotated by liquid crystal
15 so that 1t exits the liquid crystal layer polarized
horizontally. As a result, the majority of light is
blocked by polarizing element 17, because 1t has a polari-
zation directlion perpendicular to the light emergling from
liquid crystal 15, and little light (except that leaked by
the polarizer) is observed by viewer 29, )

However, when switch 25~is closed as shown in FIG 3,
the molecules of liquid crystal 15 which are between elec-
trodes 9 and 11 are caused to realign and no longer rotate
the polarized light entering the cell. The light passidé
through this area of the cell can, therefore, pass through
polarizer 17 and is obsérvéd as a bright area by observer
29. _

Thus, in the "off" state, thé observed slde of the
display 1s ideally dark or "dead", even though the light
source is continuously 1it. The contrast ratio of the
display 1s the ratio of visible light transmitted in the on
state to the visible 1light transmitted in the off state. It
is desired that the contrast ratio be a maximum for a given
light source and that the panel appear as dark as possible
in the off state.

Having ekxplained the operation of the typlcal twist
nematic display, it can be seen that the performance as
measured by the contrast ratio and darkness in the off state
is partially dependent on the leakage characteristics of the
polarizing elements. Further, the color of the background
or image portion of the cell 1s dependent on the particular

UREAF
oML
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spectral bands of light passed by the polarizer as discussed
hereafter. The performance is also dependent on the abillity
of the liquid crystal to rotate the incoming polarized light
precisely so that 1t 1s presented to the second polarizer at
the desired angle, e.g., angle of maximum extinetion.

Displays having improved performance can be constructed
according to the present inventlon by employing a dynamic
internal pleochroic polarizer means. More particularly,
means which can be controlled to absorb certain ﬁavelengths
of light or pass light, as desired, is employed in the
improved displays of this invention. By the addition of a
guest pleochroic dye to the liquid crystal composition, the
liquid cerystal layer 15 can be made to act as a dynamic,
internal, pleochroic polarlizing means to provide enhanced
display contrast or other advantageous celor effects.

The pleochroic dye molecules and liquild crystal mole-
cules sympathetically align in what is known aslg'guest-host
relationship (see, for example, U.S. Patents 3833287 and
4154746). A change in orientation in the iiquid erystal
also causes a corresponding change of orientation in thedye.
Because the dye is pleochroic, i.e., absorbs light which
vibrates parallel to 1ts chromophoric axis and does not
absorb light vibrating perpendicular to its chromophoric
axls, when used in a display device such as shown in FIG 1,
the dye will absorb light in the off state and allow light
to pass in the electrode areas in the on state.

Pleecchroic dyes, per se, are well known in the art.
Reference to such materials may be readily found in the
patent literature. See for example, U.S. Patents 3833287,
3960751, 4032219, 4105654, 4116861, 4128496, 4137193,
4145114, and 4154746, As will be discussed hereinafter,
single dyes or mixtures of dyes may be employed. Pleochroic
dyes containing azoic and stilbene linkages are well known
in the patent literature and are representative of useful
pleochroic dyes. Azo dyes wherein at least one portion of
the molecule has the structural formula
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are well known and are described, for example, in U.S.
Patents 4128496, 4137193 and 4145114, Stilbene derivative
pleochroic dyes wherein at least one portion of the molecule
has the structural formula

are also well known and are described, for example, in U.S.
Patent 4116861. -

Anthragquinone-based dyes having the general formula

9 B
I
R3 0 R2

wherein at least one of Rl, R2 and Rj are chromophoric
inducing organic groups, are.also useful in the present
invention. C

A particularly preferred group of anthraquinone-based
pleochroic dyes are represénted by the strﬁctural formula

R
9 1
i

R, 0 R,

wherein R1 and R3 are independently selected organic sub-
stituents, preferably selected from the group consisting of

NH, , NH «@ alkyl , NH @ 0-alkyl ,
HH -@ N-(alkyl), , MNH 7 N N ,

//:_.k’ . WIPO Y'\’

{Enr wrmeaN
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and mixtures thereof and wherein R3 can also be selected
from the group consisting of H, OH, Cl and N02,

and wherein R2 is H or NH2 or OH;

provided that alkyl contains 2 to about 20 carbon atoms and
when elther Rl or R3'is hydrogen, hydroxyl, Cl or NOZ’ the
other is not hydrogen, hydroxyl, Cl or N02.

These dyes are particularly preferred dye to thelr
relatively high optical order parameters and strong
absorption at various desirable wavelengths.

The effect of the pleochroic dye can be more clearly
understood by further reference to FIGs 4, 5 and 6 wherein
curve A is a representativé curve showing relative trans-
mission versus Wavélength for a palr of crossed polarizers
such as the lodine-containing H and K type film polarizers
and other similar polarizérs availablé commercially from
Polaroid Corporation and others. Thils representative
polarizer pailr exhibits some transmission or leakage at
all visible wavelengths with’ increased transmission between
400 and 500 nm. This results in observation of a dark blue
color when the polarizers are crossed due to transmissiop of
the blue light. i

Curve B of FIG 4 shows the transmission characteristics
of a display device such as shown in FIG 1 using the same
polarizing elements as in Curve A. The upward displacement
of Curve B 1s due to the presence of the 1liquid crystal in
the cell and the imperfect alignment and birefringent
properties of thé liquiad crystai molecﬁlés. It can be seen
that in the off or dark state a certain residual amount of
light is transmitted through the display device. This
light 1s readily detected by the eyé and causes the display
to appear brighter than desirable in the dark or dead state.
Moreover, since the light 1éakage is more pronounced at the
blue wavelengths, the display appears to have a blue cast
when a black or neutral density background may be more
desirable. A typical photopic response curve 1is shown as
Curve C in FIG 4. Whille this curve suggests relatilve
insensitivity of the eye to light in the regilon between 400
and 500 nm, the blﬁe leakage 1s readily cbservéd due to the

=
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human eye's sensitivity to color hue.

In order to reduce the light leakage and increase both
the on/off contrast ratio and the darkness in the off state,
pleochroic dyes may be added which have the ability to absorb
light in the visible reglon. FIG 5 shows the transmission
curve of a magenta pleochroic dye, Curve D, and a yellow
pleochroic dye, Curve E. The magenta dye, D, absorbs
broadly across the visible spectrum from 400 to 700 nm.
Light which would otherwise be transmitted through the
display device 1s absorbed, reducing the background bright-
ness in the "off" state and improving the overall contrast
ratio. Dye E, on the other hand, has a relatively narrow
absorption band primarily in the blue region and is par-
ticularly useful to reduce the light in the wavelength of
greatest leakage for the particular polarizing element
1llustrated. A mixture of both dyes woeuld be particularly
effective with these polarizing élements redueing light
leakage broadly across the visible spectrqm'and also
causing the resultant light transmission curve of the
display to be more nearly neutral or flat across the
visible spectrum.

The pleochroic dye can also be used to alter the
inherent color produced by the polarizer pair of a display.
FIG 6 shows a transmission Curve F for a pair of crossed
polarizers which is very transmissive in the blue region
with good absorption in the red. A dye having a trans-
mission curve such as G, when used in a device such as
shown in FIG 1, will provide a purple‘color in the off
state and a white image in the on state. Alternatively, if
the dye-pelarizer combination shown in FIG 6 is used in a
device similar to that shown in FIG 1, but with the exterior
polarizer 17 oriented so that its direction of polarization
1s substantially perpendicular to that of 21, a color on
color effect 1s achieved whereby in the off state, the color
of the dye (red) 1s observed and in the on state, an image
having the color of the crossed polarizer, e.g., blue, is
displayed on a red background.
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With reference to FIG 1, displays utilizing blue-
transmissive crossed polarizer elements in both the parallel
and crossed configurations with varilous pleochroic dyes can
provide interestling color effects. When the polarlzers are
parallel the image (on state) will be white against a back-
ground which i1s a summation of the dye and polarizer color.
Thus, for a magenta dye the background will be maroon, for
a red dye, the background will be purple and for a yellow
dye green. When the polarizer elements are crossed, the
display will provide an image which is the color of the
polarizer against a background the color of the dye in the
on state. '

In still another embodiment of the invention, 1sotropilec
dyes can bé added to the display to provide further color
effects. An isotropic dye 1s a dye which does net align
with the liquid crystal moleculés. Useful isotropic dyes
are those which are nonionic and stable in the presence
of the nematic liquid crystal composition, which-do not
possess intrinsic dichroism and which absorb light 1n the
visible spectrum. Thése may includé a largé number of known
dyes including triarylmethane, amido anthraquinenes, :
triaryl cyclopropane, tetra arylcyclobutane, and the lilke.
The effect of such dyes will be additive to the effects
explained above.

The present invention can be further illustrated by
reference to the following examples.

Examples 1 - 6

A twist nematic cell was prepared using glass cell
walls having an orienting layer of silicon monoxide
deposited on the interior of the walls by vapor deposition.
The orienting layer was linear and the direction of orien-
tation of the two surfaces were at an angle of about 85° to
one another in the cell assembly. The liquid crystal was
a positive nematic mixture of phenyl-cyclohexane liquid
crystal compounds comprising by welght approximately:

14% trans-U4-n pentyl-(l'-cyanobiphenylyl) cyclohexane;

SUREA[}
OMPI
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26% trans-4-n propyl - U'cyanophenyl) cyclohexane; 36% trans-
4-n-pentyl-(4'cyanophenyl) cyclohexane; and 24% trans-i-n-
heptyl-(4'cyanophenyl) cyclohexane. This composition is
avallable commercially under the trade designation Nematic
Phase 1132 TNC "Licristal" from EM Laboratories, Inc.

The polarizers used for the display was a pair of
dichroic iodine film polarizers, Polaroid HN 42, having a
45% transmission ratio.

Additional displays containing various magéﬁta anthra-
guinone-based pleochroic dyes were prepared, the dyes having
the following structure

wherein R2 is hydrogen and R, and R are as shoﬁn in the
Table I below.

The contrast ratio of the displays was megsured as a
measure of the light transmitted in the on state compargd
to the light transmitted in the off state. This measure-

ment was performed on an optical bench using a white light

1 3

source and associated optics. Detection was by a photocell
focﬁsed to receive light from the electrode area on the face
of the cell, the photocell fitted with a photopic filter.

An osclllescope was used to record the readings directly
from the photocell. As can be seen in Table I the contrast
ratlios were significantly enhanced,
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TABLE I

Dye

None

R,=NH

Rys By

1° CyH

9

R

1> Ry=hH '@' C12M25
Ry, Ry=NH @ 0-CgH; »

" Examples 7-9

R
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Concentration, Contrast
Weight % Ratio
— 135
0.5 184
1.0 204
2.0 i 315
1.0 190
1.0 190

Displays were prepared as in Examples 2-6 except that
a mixture of magenta and yellow dyes was used to provide a
display having a more neutral density as well as improved

contrast ratio.
of the dyes used in Examples 2-6 with R1 and R3 as shown in

The dyes had the

TABLE II

15
Table II.
Example
20 7.
8.
9.
25

general structural formula

<

Contrast

Concentration,

" Weight % Ratio
— 135
0.5 180
0.5
0.5 200
0.5
0.5 250
1.0
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Claims

1. A liquid crystal display device (1) having an
improved contrast ratio comprising a twist nematic cell
comprising parallel spaced wall plates (3, 5) forming a
cell, electrodes (9, 11) arranged to provide an electric
field across sald cell, a composition comprising a nematic
liquid erystal composition (15) within said cell, the
interior of saild wall plateé (3, 5) being surface oriented
to cause said liquid crystal composition (15) to assume a
twisted molecﬁlar structure along an axls normal to the
parallel surfaces of said wall plates (3, 5) said display
device (1) including polarizing elements (17, 19) on either
side of said liquid erystal composition (15) wherein the
improvement comprises a dynamic, pleochroic, internal
polarizing means interposed bétween said polarizing
elements (17, 19). ' ’

2. A display device (1) according to claim 1 wherein
said nematic liquid crystal composition has a positive

dielectric anisotropy.

3. A display dévice (1) accerding to claim 2 wherein
said polarizing elements (17, 19) are lecated interior of
the wall plates (3, 5) of sald twist nematic cell.

4. A display device (1) according to claim 2 wherein
said polarizing elements (17, 19) are located exterior of
the wall plates (3, 5) of saild twist nematic cell.

5. A display device (1) according to claim 2 wherein
sald polarizing elements (17, 19) are linear polarizers
oriented so that their relative direction of polarization
is substantially parallel and wherein the direction of
polarization of at least one polarizing element is sub-
stantially perpendicular to the direction of surface
orientation of one of said wall plates (3, 5).
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6. A display device (1) according to claim 2 wherein
said dynamic polarizing means can be controlled by appli-
cation of an electric field across said cell.

7. A display device (1) according to claim 2 wherein
sald dynamic, pleochroic, internal polarizing means com-
prises at least one pleochroic dye admixed with said liquid
crystal composition (15) in an amount effective .to provide
an improved contrast ratio,

8. A display device (1) according to claim 7 wherein
said plecchrolc dye absorbs light at all wavelengths between
about 450 to 600 nanometers.

9. A display device (1) according to claim' 7 wherein
sald device also has a substantially néutral density color
inthe off state, wherein said pleochroic dye absorbs light
at the wavelengths of substantial leakage. of said pair of
polarizing elements (17, 19).

10. A display device (1) according to eclaim 7 wherein
said dynamic, pleochroic, internal polarizing méans com-
prises a mixture of pleochroic dyes having different light
absorption characteristics,

1l. A display device (1) according to claim 7 wherein
said device (1) includes at least one isotropic dye admixed
with said liquid crystal composition (15).

12. A display device (1) accerding to claim 7 wherein
sald pleochroic dye has the following structural formula:

9 B -
il

wherein Rl and R3 are independently selected organic groups
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selected from the group consisting of NH2,

NH O alkyl, NH -@— 0-alkyl,

NH -@-N—(alkyl)z, NH*</ \>—<_:> 5 ’
! b

NatoRra s

and mixtures thereof and wherein R3‘and also be selected

from the group consisting of H, OH, Cl and N02, and wherein
R2 is H, OH or NH2; provided that alkyl contalns -2 to about

20 carbon atoms and that when eilther Rl or R3 is H, OH, C1

or NO2 the other 1s not H, OH, Cl or N02.
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