
EP 0 179 903 B1 Description Reference is made to applicants commonly
assigned, U.S. Patent No. 4,435,047, Issued March 6, 1984, for
'Encapsulated Liquid Crystal and Method"; and copending U.S. Patent
Applications Serial No. 477,138 for 5    Enhanced Scattering in Voltage
Sensitive Encapsulated Liquid Crystal and Serial No. 477,242 for "Encap-
sulated Liquid Crystal and Method, both filed March 21, 1983; Serial No.
480,461 for "Colored Encapsulated Liquid Crystal Devices Using Imbibition
of Colored Dyes and Scanned Multicolor Displays" and Serial No. 480,466 for
Colored Encapsulated Liquid Crystal Apparatus Using Enhanced Scattering",
both filed March 30, 1983; and Serial No. 585,883 for "Encapsulated Liquid
Crystal Material, Apparatus And Method", filed 10   March 2, 1984; the
entire disclosures of such applications hereby are incorporated by
reference. The invention relates generally to projectors and, more
particularly, to a liquid crystal projector and method. In one embodiment
of the invention light Incident on a liquid crystal display-type device
selectively is scattered or transmitted by respective portions of the
liquid crystal display, and a projection mechanism projects an im- age
formed by either such scattered light or such transmitted light 15      A
conventional optical projector may include a light source, an input image
device holder, such as a glass plate on which a slide or transparency may
be placed for illumination by light from the light source, and a lens
system for projecting an image of the Illuminated slide or transparency.
Typically the slide or transparency would have optically transparent
portions and optically absorbent, e.g. black, portions. When projected onto
a screen, such black portions appear black due to absorption of light by
the light absorbing, e.g. black emulsion, 20   material on the slide or
transparency, and the optically transmissive portions would appear
relatively bright on the screen. Acommon exemplary projectoris known as an
overhead projectorwhich often is used during class- es, lectures,
presentations, and the like; overhead projectors often are used to project
images of alphanumeric, graphical, or other Information written or printed
on the transparency, and provision, too, often is made to en- able a
lecturer, for example, to write directly on the transparency while used in
the projector. 25      One problem with such conventional projectors is the
large amount of heat that is absorbed by the light absorbing portions of
the slide ortransparency, which could cause destruction or damage to the
latter; to min- imize such heat build-up it often is necessary to use one
or more infrared or heat absorbing filters optically upstream of the slide
ortransparency. The heat dissipated in the heatfilters and atthe optical
source orcabinet containing the same requires elimination, for example by a
blower or other means. The blower may produce 30   undesirable noise and/or
vibration and uses energy that would not have to be consumed if the heat
did not require such elimination. Another disadvantage with conventional
overhead projectors is that the hot surface of the transparency often Is
difficult to write on by the lecturer. A further disadvantage of such
conventional overhead projectors Is the diffraction of light at the
interface between light absorbing material, such as a black emulsion, and
transparent material of the transparency or slide; such diffraction can
reduce the contrast and 35  quality of the projected image seen on a
screen. Furthermore, in conventional film projectors, contrast would be
reduced since images are formed in part, at least, by the blockage of
light, and such blockage is a function of absorption, which can vary,
depending on the quality of opaqueness of the blocking material. Liquid
crystal material currently is used in a wide variety of devices, including,
for example, optical devices such as visual displays. A property of liquid
crystals enabling use in visual displays is the ability to scatter and/or
40  to absorb light when the liquid crystals are In a random alignment and
the ability to transmit light when the liquid crystals are in an ordered
alignment. Frequently a visual display using liquid crystals displays dark
characters on a gray or relatively light back- ground. In various
circumstances it would be desirable, though, using liquid crystal material
to be able to display with facility relatively bright characters or other
Information, etc. on a relatively dark background. It would be 45
desirable as well to improve the effective contrast between the character
displayed and the background of the display Itself. An example of
electrically responsive liquid crystal material and use thereof is found In
U.S. Patent No. 3,322,485. Certain types of liquid crystal material are
responsive to temperature, changing the optical char- acteristics, such as
the random or ordered alignment of the liquid crystal material, in response
to temperature 50   of the liquid crystal material. Currently there are
three categories of liquid crystal materials, namely cholesteric, nematic
and smectic. The present invention preferably uses nematic liquid crystal
material or a combination of nematic and some cholesteric type. More
specifically, the liquid crystal material preferably is operationally
nematic, i.e. it acts as nematic material and not as the other types.
Operationally nematic means that in the absence of external fields 55
structural distortion of the liquid crystal is dominated by the orientation
of the liquid crystal at its boundaries, e.g. with a surface, such as the
surface of a capsule-like volume, rather than bulk effects, such as very
strong twists as in cholesteric material, or layering as in smectic
material. Thus, for example, chiral ingredients which induce a tendency to
twist but cannot overcome the effects of boundary alignment still would be
operationally 2  



EP0179903B1 nematic. Such material should have a positive dielectric
anisotropy. Although various characteristics of the va- rious liquid
crystal materials are described in the prior art, one known characteristic
Is that of reversibility. Par- ticularly, nematic liquid crystal material
Is known to be reversible, but cholesteric material ordinarily is not re-
versible. 5       It is also known to add pleochroic dyes to the liquid
crystal material. One advantage to using pleochroic dye with the liquid
crystal material is the eliminating of a need for a polarizer. However, in
the nematic form a pleochroic device has relatively low contrast. In the
past cholesteric material could be added to the nematic material together
with the dye to improve contrast ratio. See for example the White et al
article in Journal of Applied Physics, Vol. 45, No. 11, November 1974, at
pages 4718-4723. However, although nematic material 10  is reversible,
depending on whether or not an electric field is applied across the same,
cholesteric material ordinarily would not tend to its original zero field
form when the electric field would be removed. Another dis- advantage to
use of pleochroic dye in solution with liquid crystal material is that the
absorption of the dye is not zero in the field-on condition; rather,
absorption In the field-on condition follows an ordering parameter, which
relates to or is a function of the relative alignment of the dyes. 15
Usually liquid crystal material is anisotropic both optically
(birefringence) and, for example in the case of nematic material,
electrically. The optical anisotropy is manifest by the scattering of light
when the liquid crystal material is In random alignment, and the
transmission of light through the liquid crystal material when it Is in
ordered alignment. The electrical anisotropy may be a relationship between
the dielectric constantordielectric coefficient with respect to the
alignment of the liquid crystal material. 20      In the past, devices
using liquid crystals, such as visual display devices, have been relatively
small. Use of encapsulated liquid crystals disclosed in applicants above
mentioned co-pending applications has enabled the satisfactory use of
liquid crystals in relatively large size displays, such as billboards,
etc., as is disclosed in such applications; and another large (or small)
scale use may be as an optical shutter to control passage of light from one
area into another, say at a window or window-like area of a building. The
present invention 25  relates to improvements in such encapsulated liquid
crystals and to the utilization of the light scattering char- acteristic of
the liquid crystal material as opposed, for example, to the light
absorption (usually with pleochroic dye) characteristic thereof. The
invention also relates to the use of such material and characteristics, for
ex- ample, to obtain a relatively bright character or information displayed
on a relatively dark or colored background in both small and large displays
as an optical shutter, and so on. Such large displays and shutters may be
about 30  one square foot surface area or even larger. In accordance with
the present invention the liquid crystal material most preferably is of the
encapsulated type. As used herein with respect to the present Invention,
encapsulated liquid crystal material means liquid crys- tal material in a
substantially closed containment medium, such as discrete capsules or
cells, and preferably may be in the form of an emulsion of the liquid
crystal material and the containment medium. Such emulsion 35  should be a
stable one. Various methods for making and using encapsulated liquid
crystal material and appa- ratus associated therewith are discussed below
and in the applicants' co-pending application, which is incor- porated by
reference. In U.S. Patent No. 3750136, there is disclosed a projector
including a matrix of individually controlled liquid crystal devices
constituting a valve element for projected light. The selective switching
of the liquid crystal de- 40  vices allows the projection of shapes,
numerals and the like. JP-A-55-21001 discloses a liquid crystal material
lightvalve which could be used in the device of U.S. Pa- tent No. 3750136.
The light valve includes a layer of liquid crystal material and a plurality
of parallel, strip-like electrodes for selectively energising the liquid
crystal material. In U.S. Patent No.4389096, there is disclosed a further
liquid crystal light valve for use in a Schleren pro- 45  jection system.
However, all of the prior art projectors and light valves therefor utilise
conventional liquid crystal technol- ogy, which requires either the use of
dynamic scattering devices (which consume large amounts of energy) or
twisted nematic devices (which necessarily Include polarisers). Thus, the
prior art devices are somewhat in- efficient. 50      According to the
invention, there is provided a projector comprising: liquid crystal means
for controlling the transmission or scattering of incident light, the
liquid crystal means comprising a liquid crystal material which
scattersortransmits light as afunction of the amplitude of a selected
predetermined electricfield applied across the liquid crystal means, and
means for applying said electric field; optical means Including 55      (I)
optical projecting means for projecting lightwhich Is affected
ornotaffected by said liquid crystal means; and (ii) optical discriminating
means for discriminating between light scattered and light transmitted by
said 



liquid crystal material; 3    EP 0 179 903 B1 characterised in that the
liquid crystal material is encapsulated in the form of plural volumes In a
con- tainment medium, the containment medium inducing In the liquid crystal
material an alignment which results in the scattering of incident light In
the absence of an electric field, the amount of said scattered light being
reduced when a predetermined electric field is applied. 5      Thus, the
invention employs a liquid crystal display type of device to affect light
incident thereon thereby creating an image or characteristics of an image
which can be projected using an optical projection arrange- ment. The
liquid crystal material is capable of transmitting or scattering light
which is incident thereon. The image or characteristics of an image are
created by determining which portions of the liquid crystal display are to
transmit light and which are to scatter light, for example by selective
application of an electric field or 10  other prescribed input to
respective portions of the liquid crystal display. The liquid crystal
display itself may be relatively small or large depending on the desired
resolution and contrast of the viewed projected output image, whether it is
Intended for a person to be able to write on the display or on a protective
film positioned in proximity thereto, the capability of the lenses and
projecting optics, etc. The projection optics may include an aperture
Intended to block scattered light and to transmit light which is
essentially transmitted through the 15  liquid crystal displayforfocusing
and/or projection onto a screen orothersurfaceon which the projected image
is formed. Alternatively, the projection optics may include a mask which
blocks the transmitted light and a lens which gathers or collects the
scattered light for projection onto the screen as the viewable projected
image. Advantageous features inuring to the invention Include improved
contrast, coolness of operation, and ver- satility of the display and
image. Contrast Is improved over prior art photographic and transparency
film dis- 20   plays, for example, because light is not absorbed by an
emulsion or other absorbing material on the transpar- ency; rather, In the
invention light is scattered and blocked, not being permitted to pass
through the aperture or is focused and blocked by a mask. Since light
intentionally preferably is not absorbed by the liquid crystal display of
the invention, heat energy does not have to be dissipated by the light
absorbing material; therefore, the overall operation of the projector is
cooler, the writing surface, if there were one, would be cooler and easier
25  to use than a hot surface, a separate blower and/or heat filters could
be eliminated, the potential of head dam- age to the display is minimized,
etc. Versatility of the projector according to the invention resides, for
example, In the ability conveniently to change the phase of the image, for
example, conveniently being able to project bright characters on a dark
background or vice versa as well as the ability conveniently to change the
image by changing the electrical Input to the liquid crystal display and,
therefore, controlling which portions of the 30   display scatter and which
portions transmit light. Also, colorfilters conveniently can be added at
the light output of the projector. The liquid crystal display taking the
place of the transparency or slide, for example, in the projector of the
Invention, preferably has the ability to effect isotropic scattering of
light or to transmit light. The display is formed of plural volumes of
liquid crystal material in a containment medium. Those volumes may be
fluidically 35  isolated or interconnected or both. Preferably the liquid
crystal material is nearly completely isotropically scat- tering when in
distorted or curvilinear alignment; at least such liquid crystal material
preferably effects as much isotropic scattering as is possible. Isotropic
scattering means that when a beam of lightenters the liquid crystal
material there is virtually no way to predict the exit angle of scattered
light. On the other hand, in the presence of the prescribed input, such as
an electric field, the liquid crystal structure tends to align with respect
to the 40  field and effectively becomes optically transparent. The liquid
crystal also may include pleochroic dye if absorption characteristics are
desired. Also, the liquid crystal and/or the containmentorsupport medium
may Include non-pleochroic dye forcoloring light transmitted therethrough.
Further a liquid crystal color filter having only one color or multiple
colors may be used to color light projected by the projector. 45      As it
is used herein with respect to the invention, the terms distorted
alignment, random alignment, curvi- linearalignment and field-off condition
mean essentially the same thing; namely, that the directional orientation
of the liquid crystal molecules or structure is distorted to an effectively
curved configuration. Such distortion is effected, for example, by the wall
of respective capsules. The particular distorted alignment of liquid
crystal material in a given capsule usually always will be substantially
the same In the absence of an electric field. 50      On the other hand, as
it is used herein with respect to the invention, parallel aligned, ordered
alignment, and field-on condition means that the liquid crystal material in
a capsule is generally aligned with respect to an externally applied
electric field. Briefly, the liquid crystal apparatus includes liquid
crystal material for selectively primarily scattering or transmitting light
in response to a prescribed input and a containment or support medium for
holding therein 



55  the liquid crystal material, thus forming volumes of liquid crystal
material. In accordance with a preferred em- bodiment and best mode of the
invention, the liquid crystal material is of the encapsulated type that
will cause substantially isotropic scattering of light incident thereon,
including the scattering of some of such light back In the viewing
direction toward, for example, the eye of an observer. More preferably,
such liquid crystal is op- 4    EP 0 179 903 B1 erationally nematic, has a
positive dielectric anisotropy, and has an ordinary index of refraction
that substan- tially matches that of the containment or encapsulating
medium therefor. In one embodiment, a large quantity of light that Is
isotropically scattered by the liquid crystal material is totally
internally reflected by the support medium back to the liquid crystal
material thereby illuminating the 5   same and causing further isotropic
scattering and brightening of the appearance of the liquid crystal
material, for example to the eye of an observer. The Internal reflectance
characteristic of the support medium may be effected by the interface of
such back surface with another medium, such as a solid, liquid, or gas,
even in- cluding air, with the constraint that the index of refraction of
the support medium is greater than the Index of refraction of such other
medium. The support medium may be comprised of several components,
Including, 10  for example, the containment/encapsulating material (or that
with which the liquid crystal material is in emul- sion), additional
quantities of such encapsulating or other material, a mounting medium, such
as a plastic-like film or glass, etc., all of which will be described in
further detail below. The back surface of the support medium may be
optically transmissive so that light that reaches such sur- face in a
direction substantially normal thereto will be transmitted. In one
embodiment a reflector may be lo- 5  cated at such back surface. Ordered
alignment of the liquid crystal material will at least substantially
eliminate the isotropic scattering so that substantially all the light
passing through the liquid crystal material will also pass through the
support medium. Incident Illumination for a liquid crystal display
embodying the invention may be from the front, viewing or projecting side.
Alternatively, incident illumination may be from the back side, i.e. that
more remote from the 20  screen, etc, or where it is desired to project an
Image. Moreover, a cholesteric material may be added to the nematic liquid
crystal material to expedite return of the latter to distorted alignment
pattern following in general the configuration of the capsule or cell wall
when the electric field Is turned off, especially when the capsules are
relatively large. Also, If desired, a viscosity controlling additive may be
mixed with the liquid crystal. Further, an additive to the liquid crystal
may be used 25  to help force a preferred alignment of the liquid crystal
structure In a capsule. These and otherembodiments of the invention will
become apparent as the following description proceeds. There now follows a
description of preferred embodiments of the invention, by way of example,
with ref- erence being made to the accompanying drawings in which: Fig. 1
Is a schematic representation of a liquid crystal device in accordance with
the present invention; so      Figs. 2 and 3 are enlarged schematic
illustrations of a liquid crystal capsule In accordance with the present
invention respectively under a no-field or field-off condition and under an
applied electric field or field-on condition; Figs. 4 and 5 are schematic
representations of a liquid crystal apparatus according to one embodiment
of the invention, respectively In a no-field condition and In an applied
electric field condition; 35      Fig. 8 is an isometric view of a liquid
crystal display apparatus in accordance with the present invention and
which may be formed of any of the embodiments disclosed herein; Fig. 7 Is a
fragmentary schematic elevation view of another embodiment of liquid
crystal apparatus using continuous layers of liquid crystal material and
Interrupted electrodes; Fig. 8 is a schematic isometric view, partly broken
away, of the embodiment of Fig. 7; 40      Fig. 9 is a schematic view of an
approximately proportioned liquid crystal display according to the
invention showing a more accurately representative size relationship of the
support medium layers and encapsulated liquid crystal layer for the several
embodiments herein; Fig. 10 is a schematic Illustration of a nematic liquid
crystal capsule with cholosteric material additive, which may be used with
the several embodiments herein; 45      Fig. 11 Is a schematic Illustration
like Figs. 2 and 3 showing an alternate embodiment of encapsulated liquid
crystal; Fig. 12 is a schematic illustration of a liquid crystal projector
in accordance with the present Invention; Figs. 13 and 14 are fragmentary
schematic illustrations of alternate light output mechanisms used in con-
nection with the projection lens in the projector of Fig. 12; 50      Figs.
15Aand 158 are, respectively, a schematic representation of light scattered
by the liquid crystal dis- play of Fig. 13 and a graph of intensity of
projected light as a function of electrical input magnitude; 



Fig. 16 is a schematic illustration of a folded liquid crystal projector in
accordance with the preferred em- bodiment and best mode of the invention;
Fig. 17 is a schematic illustration of a double or compound folded liquid
crystal projector in accordance 55      with the Invention; Fig. 18 is a
dyed display for use in the several projector embodiments; Fig. 19 is a
view of a projector like that of Fig. 16 but with a dynamic color filter,
and Fig. 20 is a plan view of the dynamic color filter. 5    EP0179903B1
The detailed description of several embodiments of liquid crystal projector
and method of projecting light using the same are described with reference
to Figs. 12-20 nearthe latter portion of the text of this application.
Initially, though, a detailed description of the liquid crystal display
will be presented. It is noted that reference to liquid crystal display
here means a liquid crystal device capable of selective operation to affect
or not to 5   affect light incident thereon regardless of whether the
results of such affectation of light by the liquid crystal may or may not
be visible by direct observation of the liquid crystal material by an
observer, although it is in- tended that such results be capable of being
operated on optically to result ultimately in projection of an image of
alphanumeric, graphical, or other Information, etc. Referring in detail to
the drawings, wherein like reference numerals designate like parts in the
several fig- 10  ures, and initially to Figs. 1,2 and 3, encapsulated
liquid crystal material used in accordance with the present invention is
illustrated. In Fig. is a schematic representation of a liquid crystal
apparatus 10 in accordance with the present invention. The apparatus 10
Includes encapsulated liquid crystal material 11 represented by a single
capsule In Figs. 1-3. Although the capsules Illustrated in the drawings are
shown in two dimensions and, therefore, planarform, itwill be appreciated
thatthe capsules are three dimensional, most preferablysphe- 15  rical. The
capsule 11 is shown mounted In a preferably transparentsupport medium 12
having upper and lower portions 12a, 12b which may be integral with each
other. The apparatus 10 also includes a pair of electrodes 13, 14 for
applying an electric field across the liquid crystal material when a switch
15 is closed to energize the electrodes from a conventional voltage source
18. Reference herein to capsule, capsules, encapsulated liquid crystal,
etc. means volumes of liquid crystal material In a containment medium. 20
A primary feature of the present invention is that such encapsulated liquid
crystal material will isotropically scatter light impinging thereon when in
a field-off random alignment condition; and in the field-on orderly aligned
condition, such material will be substantially optically transparent. It Is
to be understood that the capsule 11 may be one of many capsules that are
discretely formed or, more preferably, that are formed by mixing the liquid
crystal material with a so-called encapsulating material or con- 25
tainment medium to form an emulsion, preferably a stable one. The capsules
may be fluidically interconnected with othercapsules orfluldically isolated
from each other or both types of interconnected and isolated capsules may
exist. The emulsion may be applied to or sandwiched between the support
media portions 12a, 12b and electrodes 13, 14, as is Illustrated. if
desired, the support medium 12 and the so-called encapsulating material or
containment medium may be the same material. As a further alternative, the
upper and lower support me- 3o  dium portions 12a, 12b, or one of them, may
be a plastic-like, glass, or like, preferably transparent, mounting
material. In this latter case the electrodes 13, 14 may be applied to such
mounting material and the encapsu- lated liquid crystal materail/emulsion,
including many capsules 11, for example, may be sandwiched between such
mounting material 12a, 12b to form the apparatus 10, as will be described
in further detail below. A medium 18 forms an interface 19 with the lower
support medium portion 12b to obtain a total internal 35  reflection
function, if desired, which will be described in greater detail below.
Suffice it to say here, though, that due to the total internal reflection
principle of operation, the liquid crystal material in the capsule 11 will
be illuminated by Incident light, for example represented by a light beam
17, and with light that it isotropically scatters in the apparatus 10 so
that from the viewing area 20 beyond the upper support medium portion 12a,
the liquid crystal material 11 will appearwhite orrelatively brightwhen
undera no-field condition, e.g. the switch 40 15 is open. Although such
isotropic scattering (and some absorption, especially with a pleochroic dye
present in the encapsulated liquid crystal material) occurs in applicant's
invention disclosed in the above U.S. Patent No. 4,435,047, the total
internal reflection principle of the present invention enhances scattering
and, thus, brightens the visualloptical appearance of characters formed by
the encapsulated liquid crystal material. Such total internal reflection,
though, is less important to the present invention than Is the desired
ability selectively 45  to scatter or to transmit light. The electrode 13
may be, for example, a quantity of vacuum deposited indium tin oxide
applied to the lower support medium portion 12b, and the electrode 14 may
be, for example, electrically conductive ink applied di- rectly to the
liquid crystal material or could be like the electrode 13. Other electrode
material and mounting 



means therefor also may be used for either electrode. Examples Include tin
oxide and antimony doped tin oxide. 50  Preferably the electrodes are
relatively thin, for example, about 200 angstroms thick, and transparent so
that they do not significantly affect the optics of the liquid crystal
apparatus 10. The encapsulated liquid crystal material 11 Includes liquid
crystal 30 contained within the confines or in- teriorvolume 31 of acapsule
32. Each capsule 32 may be a discrete one isolated fluidically from
othercapsules or connected fluidically with one or more other capsules; or
alternatively the liquid crystal 30 may be contained 55  in a stable
emulsion of a containment medium or so-called encapsulating material 33
that tends to form a mul- titude of capsule-like environments for
containing the liquid crystal material. For convenience of illustration,
the capsules 32 are shown as discrete capsules In and preferably formed of
the overall quantity of containment medium or encapsulating material 33.
According to the preferred embodiment and best mode of the present    EP 0
179 903 B1 invention, the capsule 32 Is generally spherical, and the liquid
crystal 30 is nematic or operationally nematic liquid crystal material
having positive dielectric anisotropy. However, the principles of the
invention would apply when the capsule 32 is of a shape other than
spherical; such shape should provide the desired optical and electrical
characteristics thatwill satisfactorily coactwith the optical
characteristics of the liquid crystal material 5   30, e.g index of
refraction, and will permit an adequate portion of the electric field to
occur across the liquid crystal 30 itself for effecting desired ordered or
parallel alignment of the liquid crystal when it is desired to have a
field-on condition. The shape also should tend to distort the liquid
crystal material when in a field-off or ran- dom alignment condition. A
particular advantage to the preferred spherical configuration of the
capsule 32 is the distortion It effects on the liquid crystal 30 therein
when in a field-off condition. This distortion is due, at 10  least in
part, to the relative sizes of the capsules and the pitch of the liquid
crystal; they preferably are about the same or at least about the same
order of magnitude. Moreover, nematic liquid crystal material has fluid-
like properties that facilitate the conformance or the distortion thereof
to the shape of the capsule wall in the absence of an electric field. On
the other hand, in the presence of an electric field such nematic material
will relatively easily change to ordered alignment with respect to such
field. 15      Liquid crystal material of a type other than nematic or
combinations of various types of liquid crystal ma- terial and/or other
additives may be used with or substituted for the preferred nematic liquid
crystal material as long as the encapsulated liquid crystal is
operationally nematic. However, cholesteric and smectic liquid crystal
material generally are bulk driven. It is more difficult to break up the
bulk structure thereof for confor- mance to capsule wall shape and energy
considerations in the capsule. 20      Turning to Figs. 2 and 3, a
schematic representation of the single capsule 32 containing liquid crystal
30 Is shown, respectively, In the field-off and field-on conditions. The
capsules 32 are spherical and have a gen- erally smooth curved interiorwall
surface 50 defining the boundary forthe volume 31. The actual dimensional
parameters of the wall surface 50 and of the overall capsule 32 are related
to the quantity of liquid crystal 30 contained therein and possibly to
other characteristics of the individual liquid crystal material therein.
Addition- 25  ally, the capsule 32 applies a force to the liquid crystals
30 tending to pressurize or at least to maintain sub- stantially
constaintthe pressure within the volume 31. As a resultofthe foregoing, and
due to the surface wetting nature of the liquid crystal, the liquid
crystals which ordinarily in free form would tend to be parallel, although
perhaps randomly distributed, are distorted to curve in a direction that
generally is parallel to a relatively prox- imate portion of the
Interiorwall surface 50. Due to such distortion the liquid crystals store
elastic energy. For so  simplicity of Illustration, a layer 51 of liquid
crystal molecules whose directional orientation is represented by
respective dashed lines 52 is shown In closest proximity to the interior
wall surface 50. The directional orien- tation of the liquid crystal
molecules 52, more accurately the liquid crystal structure, is distorted to
curve In the direction that is parallel to a proximate area of the wall
surface 50. The directional pattern of the liquid crys- tal molecules away
from the boundary layer 52 within the capsule is represented by 53. The
liquid crystal mol- 35   ecules are directionally represented in layers,
but it will be appreciated that the molecules themselves are not confined
to such layers. Thus, the organization In an individual capsule is
predetermined by the organization of the structure 52 at the wall and is
fixed unless acted on by outside forces, e.g. an electric field. On removal
of the electric field the directional orientation would revert back to the
original one, such as that shown in Fig. 2. 40      Nematic type material
usually assumes a parallel configuration and usually Is optical
polarization direction sensitive. However, since the material 52 in the
encapsulated liquid crystal 11 is distorted or forced to curved form in the
full three dimensions of the capsule 32, such nematic liquid crystal
material In such capsule takes on an Improved characteristic of being
insensitive to the direction of optical polarization of incident light. The
inventor has discovered, moreover, that when the liquid crystal material 30
in the capsule 32 has pleochroic 45   dye dissolved therein, such
dye,whichordinarily alsowould be expected to have optical polarization
sensitivity, no longer is polarization sensitive because the dye tends to
follow the same kind of curvature orientation or 



distortion as that of the individual liquid crystal molecules 52. The
liquid crystal 30 in the capsule 32 has a discontinuity 55 in the generally
spherical orientation thereof due to the inability of the liquid crystal to
align uniformly in a manner compatible with parallel alignment with 60  the
wall 50 and a requirement for minimum elastic energy. Such discontinuity is
in three dimensions and is useful to effect a distorting of the liquid
crystal 30 further to decrease the possibility that the liquid crystal 30
would be sensitive to optical polarization direction of incident light. The
discontinuity protrusion 55 would tend to cause scattering and absorption
within the capsule, and the tangential or parallel alignment of the liquid
crys- tal molecules with respect to portions of the interior wall surface
50 of the capsules both cause scattering and 55   absorption within the
capsule 32. When the electric field is applied, for example, as is shown in
Fig. 3, the dis- continuity will no longer exist so that such discontinuity
will have a minimum effect on optical transmission when the encapsulated
liquid crystal 11 Is in a field-on or aligned condition. Although the
foregoing discussion has been in terms of a homogeneous orientation of the
liquid crystal 7    EP0179903B1 material (parallel to the capsule wall),
such is not a requisite of the invention. All that is required is that the
Interaction between the wall and the liquid crystal produce an orientation
in the liquid crystal near that wall that is generally uniform and
piecewise continuous, so that the spatial average orientation of the liquid
crystal material over the capsule volume is strongly curved and there is no
substantial parallel direction of orientation 5   of the liquid crystal
structure in the absence of an electricfield. It is this strongly curved
orientation that results in the scattering and polarization Insensitivity
In the field-off condition, which is a feature of this invention. In the
field-on condition, orany othercondition which results in the liquid
crystal being in ordered or parallel alignment, as is shown in Fig. 3, the
encapsulated liquid crystal 11 will transmitsubstantiallyall the light
incident thereon and will tend not to be visible in the support medium 12.
On the other hand, in the field-off condition 10   when the liquid crystal
is in distorted alignment, sometimes referred to herein as random alignment
for example as is shown In Fig. 2, some of the Incident light will be
absorbed, but also some of the incident light will tend to be scattered
Isotropically in the support medium 12. Using total internal reflection
such isotropically scat- tered light can be redirected to the encapsulated
liquid crystal 11 thus brightening the same tending to cause it to appear
white to a viewer or viewing instrument. 15      The index of refraction of
the encapsulating medium 32 and the ordinary index of refraction of the
liquid crystal 30should be matched as much as possible when in the field-on
orliquid crystal orderly aligned condition to avoid optical distortion due
to refraction of Incident light passing therethrough. However, when the
liquid crystal material is in distorted or random alignment, ie. there is
no field applied, there will be a difference in the indices of refraction
at the boundary of the liquid crystal 30 and wall of capsule 32; the
extraordinary index 20   of refraction of the liquid crystal is greaterthan
the indexof refraction of the encapsulating medium. This causes refraction
at that interface or boundary of the liquid crystal material and of the
containment or encapsulating medium and, thus, further scattering. Light
that is so further scattered will be internally reflected for further
brightening in the liquid crystal appearance. Such occurrence of different
indices of refraction is known as bi- refringence. Principles of
birefringence are described in Optics by Sears and in Crystals And The
Polarizing 25   Microscope by Hartshorne and Stewart, the relevant
disclosures of which are hereby Incorporated by refer- ence. Preferably the
encap sulating or containment medium 32 and the support medium 12 have the
same index of refraction to appear optically substantially as the same
material, thus avoiding a further optical inter- face. As long as the
ordinary index of refraction of the liquid crystal material is closer to
the index of refraction 3o   of the so-called encapsulating medium, than is
the extraordinary index of refraction, a change in scattering will result
when going from field-on to field-off conditions, and vice-versa. Maximum
contrast results when the ordinary index of refraction matches the index of
refraction of the medium. The closeness of the index matching will be
dependent on the desired degree of contrast and transparency in the device,
but the ordinary Index of refraction of the crystal and the Index of the
medium will preferably differ by no more than 0.03, more 35   preferably
0.01, especially 0.001. The tolerated difference will depend upon capsule
size. According to the preferred embodiment and best mode, desirably the
electric field E shown on Fig. 3 is applied to the liquid crystal 30 in the
capsule 32 for the most part ratherthan being dissipated or dropped sub-
stantially in the encapsulating material. There should not be a substantial
voltage drop across or through the material of which the wall 54 of the
capsule 32 isformed; rather, the voltage drop should occuracross the liquid
40   crystal 30 within the volume 31 of the capsule 32. The electrical
impedance of the encapsulating medium preferably should in effect be large
enough relative to that of the liquid crystal in the encapsulated liquid
crystal 11 that a short circuit will not occur exclusively through the wall
54, say from point A via only the wall to point B, bypassing the liquid
crystal. Therefore, for 



example, the effective impedance to induced or displacement current flow
through orvia only the wall 54 from 45   point A to point B should be
greater than the impedance that would be encountered in a path from point A
to point A' inside the interior wall surface 50, through the liquid crystal
material 30 to point B' still within the volume 31, ultimately to point B
again. This condition will assure that there will be a potential difference
between point A and point B. Such potential difference should be large
enough to produce an electric field across the liquid crystal material that
will tend to align the same. It will be appreciated that due to geometrical
considerations, 50   namely the length through only the wall from point A
to point B, for example, such condition still can be met even though the
actual impedance of the wall material is lower than that of the liquid
crystal material therein. The dielectric constants (coefficients) of the
material of which the encapsulating medium Is formed and of which the
liquid crystal is comprised, and the effective capacitance values of the
capsule wall 54, particularly in a radial direction and of the liquid
crystal across which the electric field E is imposed, all should be so
related 55  that the wall 54 of the capsule 32 does not substantially drop
the magnitude of the applied electric field E. Ideally the capacitance
dielectric constants (coefficients) of the entire layer 81 (Fig. 4) of
encapsulated liquid crystal material should be substantially the same for
the field-on condition. The liquid crystal 30 will have a dielectric
constant value that is anisotropic and, therefore, sometimes is    EP 0 179
903 B1 referred to as a dielectric coefficient It Is preferable that the
dielectric constant of the wall 54 be no lower than the dielectric
coefficient of the anisotropic liquid crystal material 30 to help meet the
above conditions for op- timum operation. It Is desirable to have a
relatively high positive dielectric anisotropy in order to reduce the
voltage requirements for the electric field E. The differential between the
dielectric coefficient for the liquid 5   crystal 30 when no electric field
is applied, which should be rather small, and the dielectric coefficient
for the liquid crystal when it is aligned upon application of an electric
field, which should be relatively large, should be as large as possible.
The dielectric constants (coefficients) relationships are discussed in the
above appli- cations. it should be noted, in particular, though, that the
critical relationship of dielectric values and applied electriefield should
be such thatthe field applied across the liquid crystal material in the
capsule(s) is adequate 10  to cause alignment of the liquid crystal
structure with respect to the field. The lower dielectric values of com-
monly used liquid crystals are, for example, from as low as about 3.5 to as
high as about 8. The capsules 32 may be of various sizes. The smaller the
size, though, the higher the requirements will be for the electric field to
effect alignment of the liquid crystal in the capsule. Preferably, though,
the capsules should be of uniform size parameters sothatthe various
characteristics, such as the optical and electrical char- 15  acteristics,
of an apparatus, such as a display, using the encapsulated liquid crystal
will be substantially uni- form. Moreover, the capsules 32 should be at
least [err] in diameter so they appear as discrete capsules relative to an
incident light beam; a smaller diameter would result in the light beam
"seeing" the capsules as a continuous homogeneous layer and would not
undergo the required isotropi scattering. Examples of capsule sizes, say
from [err] diameter, and of liquid crystal material are in the above
concurrently filed 20  application and are hereby specifically incorporated
by reference. A preferred liquid crystal material in accordance with the
best mode of the Invention is that nematic material NM-8250, an ester that
has been sold by American Liquid Xtal Chemical Corp., Kent, Ohio, U.S.A.
Other ex- amples may be ester combinations, biphenyl and/or biphenyl
combinations, and the like. Several other types of liquid crystal material
useful according to the invention include the following four 25 examples,
each being a recipe for the respective liquid crystal materais. The
so-called 10% material has about 10% 4-cyano substituted materials; the 20%
material has about 20% 4-cyano substituted materials, and so on. 10%
Material 30 Pentylphenylmethoxy Benzoate  54 grams Pentylphenylpentyloxy
Benzoate  36 grams Cyanophenylpentyl Benzoate    2.6 grams
Cyanophenylheptyl Benzoate    3.9 grams 35  Cyanophenylpentyloxy Benzoate
1.2 grams Cyanophenylheptyloxy Benzoate  1.1 grams Cyanophenyloctyloxy
Benzoate   0.94 grams Cyanophenylmethoxy Benzoate   0.35 grams 40  20%
Material Pentylphenylmethoxy Benzoate  48 grams Pentylphenylpentyloxy
Benzoate  32 grams Cyanophenylpentyl Benzoate    5.17 grams 



45  Cyanophenylheptyl Benzoate    7.75 grams Cyanophenylpentyloxy Benzoate
2.35 grams Cyanophenyiheptyloxy Benzoate  2.12 grams Cyanophenyloctyloxy
Benzoate   1.88 grams Cyanophenyimethoxy Bernzoate   0.705 grams 50 40%
Material Pentylphenylmethoxy Benzoate   36 grams Pentylphenylpentyloxy
Benzoate  24 grams 65   Cyanophenylpentyl Benzoate    10.35 grams
Cyanophenylheptyl Benzoate    15.52 grams Cyanophenylpentyloxy Benzoate
4.7 grams Cyanophenylheptyloxy Benzoate  4.23 grams 9    EP 0 179 903 B1
Cyanophenyloctyloxy Benzoate   3.76 grams Cyanophenylmethoxy Benzoate
1.41 grams 40% MOD 5 Pentylphenylmethoxy Benzoate   36 grams
Pentylphenylpentyloxy Benzoate  24 grams Cyanophenylpentyl Benzoate   16
grams Cyanophenylheptyl Benzoate   24 grams 10      The encapsulating
medium forming respective capsules 32 should be of a type that is
substantially com- pletely unaffected by and does not affect the liquid
crystal material. Various resins and/or polymers may be used as the
encapsulating medium. A preferred encapsulating medium is polyvinyl alcohol
(PVA), which has a good, relatively high, dielectric constant and an index
of refraction that is relatively closely matched to that of the preferred
liquid crystal material. An example of preferred PVA is an about 84%
hydrolized, molecular 15  weight of at least about 1,000, resin. Use of a
PVA of Monsanto Company identified as Gelvatol 20/30 repre- sents the best
mode of the invention. A method for making emulsified or encapsulated
liquid crystals 11 may include mixing together the con- tainment or
encapsulating medium, the liquid crystal material, and perhaps a carrier
medium, such as water. Mixing may occur in a variety of mixer devices, such
as a blender, a colloid mill, which is most preferred, or 20  the like.
Whatoccurs during such mixing is the formation of an emulsion of the
ingredients, which subsequently can be dried eliminating the carrier
medium, such as water, and satisfactorily curing the encapsulating medium,
such as the PVA. Although the capsule 32 of each thusly made encapsulated
liquid crystal 11 may not be a perfect sphere, each capsule will be
substantially spherical in configuration because a sphere is the lowest
free energy state of the Individual droplets, globules or capsules of the
emulsion, both when originally formed 25  and after drying and/or curing.
The capsule size (diameter) preferably should be uniform In the emulsion
for uniformity of operation with respect to effect on incident light and
response to electric field. Exemplary capsule size range may be from about
[err] to about [err] preferably [err]and more preferably [err]. Various
techniques may be employed to form the support medium 12, which may be of
the same orsimilar 30  material as the encapsulating or containment medium.
For example, the lower support medium 12b may be formed using a molding or
casting process. The electrode 13 and liquid crystal material may be
applied for support by that medium 12b. The electrode 14 may be applied,
e.g. by printing. Thereafter, the upper support medium portion 12a may be
poured or cast in place to complete enclosing the encapsulated liquid
crystal ma- terial and the electrodes. Alternatively, the support medium
portions 12a, 12b may be a substantially trans- 35  parent plastic-like
film or a plate of glass, as is described In Example 1, for example. The
reflectance medium 18, if a solid, for example, may be applied to the
support medium portion 12b by a further casting or molding technique. The
following are several examples of materials and methods for making liquid
crystal display devices and operational characteristics thereof In
accordance with the present invention. 40 Example 1 An example of the
isotropically scattering material was produced by mixing about 2 grams of
8250 (an ester by American Liquid Xtal) nematic liquid crystal with about 4
grams of a 20% solution of Airco 405 polyvinyl al- 



45  cohol (the other 80% of such solution was water). The material was
mixed in a small homogenizer at low shear to form an emulsion. Using a
doctor blade it about a [err] setting the emulsion was coated on an elec-
trode of Intrex material already in position on a polyester film base of
about [err] thickness. Such film was that known as Mylar. Another sheet of
such film with such an electrode was placed on the encapsulated liquid
crystal layer, thus sandwiching the latter between the respective
electrodes and films. The Individual 50  encapsulated operationally nematic
liquid crystal capsules or particles were about [err]in di- ameter and the
total layer of encapsulated liquid crystal material was aboutp[err]thick.
The device made according to Example 1 was tested. The resulting material
scattered light in a zero electric field (hereinafter usually referred to
as a zero field or field off condition) condition. In an applied field of
10 volts the scattering decreased and at 40 volts scattering stopped
altogether. 55      Although a homogenizer was used, other types of mixers,
blenders, etc., may be used to perform the de- sired mixing. 10    EP 0 179
903 1 Example 2 An example of the isotropically scattering material was
produced by mixing about 2 grams of 8250 nematic liquid crystal with about
4 grams of a 22% solution (78% water) of Gelvatol 20/30 (by Monsanto)
polyvinyl al- 5   cohol. The material was mixed in a small homogenizer at
low shear to form an emulsion. The emulsion was coated on Intrex film
electrode and Mylar film polyester base, as in Example 1, with a doctor
blade at a [err] setting and the sandwich was completed as In Example 1.
The nematic capsules or particles were about [err] In diameter, and the
encapsulated liquid crystal layer was about [err]thick. The device made
according to Example 2 was tested. The resulting material scattered light
in a zero or 10  field-off electricfield condition. In an appliedfield of
10 voltsthe scattering decreased and at 40volts scattering stopped
altogether. Example 3 15     An example of the isotropically scattering
material was produced by mixing about 2 grams of E-63 (a bi- phenyl by
British DrugHouse, a subsidiary of E. Merck of West Germany) nematic liquid
crystal with about 4 grams of a 22% solution of Gelvatol 20/30 (by
Monsanto) polyvinyl alcohol. The material was mixed In a small homogenizer
at low shear to form an emulsion. The emulsion was coated on Intrex film
electrode and Mylar film polyester base with a doctor blade at a 1.27x[err]
setting and the sandwich was completed as above. 20  The thickness of the
encapsulated liquid crystal layer was about [err]; the nematic capsules of
particles were about [err]in diameter. The device made according to Example
3 was tested. The resulting material scattered light in a zero field or
field-off condition. In an applied field of 7 volts the scattering
decreased and at 35 volts scattering stopped altogether. 26 Example 4 An
example of the isotropically scattering material was produced by mixing
about 2 grams of 8250 liquid crystal with about 4 grams of a 22% solution
of Gelvatol 20/30 polyvinylalcohol. The material was mixed in a 30  small
homogenizer at low shear to form an emulsion. The emulsion was coated on
Intrex film electrode and Mylar polyester film base with a doctor blade at
a [err] setting and the sandwich was completed as above. The thickness of
the encapsulated liquid crystal layer was about [err] the nematic capsules
of particles were about [err] in diameter. To improve the emulsion
stability and coating uniformity 0.001% of GAF LO 630 non-ionic surfactant
(de- 35  tergent) was added before the mixing step. Improved performance
and stability of the emulsion and in coating of the emulsion onto the
electrode/polyesterfilm base were noted. The operational results were
otherwise sub- stantially similar to those described above with respect to
Example 1. Thus, it will be appreciated that in accordance with the
invention a surfactant, preferably a non-ionic sur- factant, a detergent,
or the like may be mixed with the encapsulated liquid crystal material
prior to depositing 40  on the electrode coated film, as was just described
above. Example 5 The steps of Example 1 were followed using the same
materials as in Example I except that 3.175mm 45  glass plate was
substituted for the Mylar film. Operation was substantially the same as was
described with respect to Example 1. Example 6 50      A mixture was formed
of 8250 nematic liquid crystal and a solution of 15% AN169 Gantrez in 85%
water. Such Gantrez is poly(methyl vinyl ether/maleic anhydride), a
polymaleic acid product, of GAF Corporation. The 



mixture was of 15% liquid crystal and 85% Gantrez as the containmentmedium.
The mixture was homogenized at low shear to form an emulsion, which was
applied to an electrode/support film as above; such support film was about
[err] thick. After drying of the emulsion, the resulting liquid crystal
emulsion responded to 55   an electric field generally as above, scattering
when in field-off condition, showing a threshold of about 7 volts to begin
reducing scattering, and having a saturation level of substantially no
scattering at about 45 volts. Another example of an acid type containment
medium useful In the Invention is carbopole (carboxy poly- methylene
polymer by B. F. Goodrich Chemical Company), or polyacid.    EP 0 179 903
B1 In accordance with the Invention, other types of support media 12 that
may be used include polyester ma- terials; and polycarbonate material, such
as Kodel film. Tedlar film, which is very inert, also may be used if
adequate adhesion of the electrode can be accomplished. Such media 12
preferably should be substantially optically transparent. 5      In
accordance with the invention, several different polymer containment media
that may be used are listed in Chart I below. The chart also indicates
several characteristics of the respective polymers. CHART I 10
Temperature Molecular          & Containment Medium  Viscosity  %
Hydrolyzed    Weight    % Solutions 20/30                   4-6 CPS
88.7 - 85.5    10,000       4% at 20[err] 15       Gelvatol, by Monsanto
Company 40/20                   2.4-3 CPS    77 - 72.9        3,000
4% at 20[err] Gelvatol, by 20       Monsanto Company 523, by
21-25         87 -89           -          4% at 20[err] Air Products And
Chemicals, Inc. 25 72/60                   55-60         99 - 100
4% at 20C Elvanol, by DuPont Co. 30       405                     2-4 CPS
80 -82            -          4% at 20C Poval, by Kurashiki 35      Other
Gelvatol PVA materials that may be used include those designated by
Monsanto as 20-90; 9000; 20-60; 6000; 3000; and 40-10. Other examples of
containment media include gelatin and latex materials. Apreferred quantity
ratio of liquid crystal material to containment medium is aboutone part by
weightliquid crystal material to about three parts by weight of containment
medium. Acceptable encapsulated liquid crystal emulsion operative according
to the Invention also may be achieved using a quantity ratio of about one
part 40  liquid crystal material to about two parts containment medium,
e.g., Gelvatol PVA. Moreover, although a 1:1 ratio also will work,
generally it will not function quite as well as material in the ratio range
of from about 1:2 to about 1:3. Turning now to Figs. 4 and 5, a portion 60
of a liquid crystal display device in accordance with the present invention
is illustrated. The portion or device 60 is a completion of the liquid
crystal apparatus 10 described 45  above with reference to Fig. 1 in that
plural encapsulated liquid crystals 11, indeed plural layers thereof, are
contained in a support medium 12. The sizes, thicknesses, diameters, etc.,
of the several parts shown in Figs. 4 and 5 are not necessarily to scale;
rather the sizes are such as is necessary to illustrate the several parts
and their operation, as is described below, in accordance with the
invention. The electrodes 13, 14 are employed to apply a desired electric
field to effect selective alignment of the so  liquid crystal material in
the manner shown in Fig. 3, for example. Means other than electrodes may be
em- ployed to apply some type of Input to the display device 60 for the
purpose of effecting ordered or random align- ment of the liquid crystal.
The encapsulated liquid crystals 11 are arranged in several layers 61
within the display portion 60. The layers 61 may be divided into several
portions representing the various characters or portions of characters 55
intended to be displayed by the display 60. For example, the longerlefthand
portion 61 Lof the layers 61 shown in Fig. 4 may represent a section view
through one part of a well known 7-segment display pattern, and the
relatively short righthand portion 61 R of the layers 61 shown in Fig. 4
may represent a part of another 7-seg- 



ment character display. It will be appreciated, though, that various
patterns of liquid crystal material may be 12    EP 0 179 903 B1 employed
in accordance with the present invention. A zone 62 of support medium 12
fills the area between the liquid crystal layer portions 61L, 61 R.
Subsequent reference to layers 61 will be in the collective, i.e. re-
ferring to layer 61 as including the several levels or layers comprising
the same. As an example, the composite thickness of such layer 61 may be
from about [err] to about [err] uniform thickness is preferred for 5
uniform response to electric field, scattering, etc. It is significant to
note that such an arrangement or pattern of encapsulated liquid crystal
material layer portions, such as at 61L and 61R, separated at zone 62 by
support medium 12 or other material is facilitated, oreven made possible
due to the encapsulating orconfining of the liquid crystal in discrete
containment media, such as is formed by the preferred stable emulsion.
Therefore, especially on a relatively large size device such 10  as a
display, e.g. used in lieu of a transparency in a projector, such as an
overhead projector, a 16mm or a 35mm projector, etc., encapsulated liquid
crystal material may be applied to the support medium 12 only where it is
required to provide the selectable optical characteristics. Such patterning
of the encapsulated liquid crystal material can in some Instances, then,
appreciably reduce the amount of such material required for a particular
application. Such patterning Is further made possible consistent with
desired operation of a device using en- 15  capsulated liquid crystal
material in accordance with the invention due to the functional operation
thereof as will be described in detail below. The display 60 may be used,
for example, in an air environment, such air being represented by the
refer- ence numeral 63, and the air forms an interface 64 at the viewing
side or from the viewing direction 20 with the support medium 12. The index
of refraction N of the external medium 63 Is different from the Index of
re- 20  fraction N' of the encapsulating medium 12, the latter usually
being larger than the former. As a result, a beam of light 65, which
arrives generallyfrom the viewing direction 20, passing through the
interface 64 into the sup- port medium 12 will be bent toward the normal,
which is an Imaginary line 66 perpendicular to that interface 64. That
light beam 65a inside the support medium 12 will be closer to normal than
the incident beam 65 sat- isfying the equation relationship N Sine [err] =
N' Sine-[err], wherein 0 is the angle of the incident light beam 65 with 25
respect to the normal and [err]' is the angle of the light beam 65a with
respect to normal. Such mathematical re- lationship will apply at the
interface 19, as follows: N' Sine [err]' = N" Sine [err]. For total
internal reflection in the display 60, the index of refraction N" of the
reflectance medium 18 is smaller than the index of refraction N' of the
support medium 12. Accordingly, if the light beam 65a, for example, were
able to and did pass through the interface 19, itwould be bentawayfrom the
normal atthe interface 19tothe angle [err]with respectto normal. 30
Actually, since the light beam 65, 65a is not scattered off course by the
liquid crystal material in layers 61, i.e., because it passes through the
zone 82, it will Indeed likely exit through the interface 19. Continuing to
refer particularly to Fig. 4, operation of a liquid crystal display 60 In
accordance with the in- vention is now described. The operationally nematic
liquid crystal 30 is In distorted or random alignment due to existence of a
field-off condition. Incident light beam 70 enters the support medium 12 at
the interface 64 35 and is bent as the light beam 70a that impinges as
incident light on the layer 61 of encapsulated liquid crystal. The random
ordistorted encapsulated liquid crystal material will
isotropicallyscatterthe light incidentthereon. Therefore, there are several
possibilities of how such incident light beam 70a would tend to be
scattered, as follows: A. For example, one possibility is that the incident
light beam 70a will be directed according to the dotted 40     line 70b
toward the interface 19. The angle at which the light beam 70b impinges on
the Interface 19 is within the illustrated solid angle a (defined in the
planar direction of the drawing of Fig. 4 by the dashed lines 71) of a
so-called cone of Illumination. Light falling within such solid angle a  or
cone of illumination is at too small an angle with respect to normal at the
Interface 19 to be totally internally reflected at that Interface;
therefore, the light beam 70b will pass through interface 19 while bending
away from the normal 45     to form the light beam 70c. Light beam 70c
passes into the reflectance medium 18 and directly out through the latter.
B. Another possibility is that the light beam 70a will be isotropically
scattered in the direction of the light beam 70d outside the cone angle a .
Total internal reflection will occur at the interface 19 causing the light
beam 70d to be reflected as light beam 70e back to the layer 61 of
encapsulated liquid crystal material 50      where It will be treated as
another independently incident light beam thereto, just like the light beam
70a from which it was derived. Therefore, such light beam 70e will undergo
isotropic scattering again as is de- scribed herein. C. Still another
possibility is that the incident light beam 70a, or that derived therefrom,
such as the light beam 70e, will be isotropically scattered toward the
interface 64 at an angle that is so close to normal at 



55      that interface 64 that the light beam will pass through the
interface 64 into the "medium" 63, such as the air. The solid angle a' of a
cone of illumination, like the cone angle a mentioned above, within which
such scattered light beam 70e must fall to be emitted out through the
Interface 64 is represented by the single dot phantom lines 72. Light beam
70f represents such a light beam that is so emitted from the display 60. 13
EP 0 179 903 B1 It is that light, e.g. the sum of such emitted light beams
70f, which exits at the Interface 64 that causes the layer 61 of
encapsulated liquid crystals 11 to give the appearance of a white or bright
character as viewed from the viewing direction 20. D. Still a further
possibility is that the light beam 70a may be isotropically scattered in
the direction of the 5      light beam 70g. Light beam 70g is outside the
solid cone angle a and, therefore, will undergo total internal reflection
at the Interface 64, whereupon the reflected beam 70h will impinge back on
the layer 61 as an effectively Independent Incident light beam, like the
beam 70e mentioned above and having a similar ef- fect. The index of
refraction of the electrodes 13,14 usually will be higher than that (those)
of the containment 10  medium and support medium and the containment and
support media Indices of refraction preferably are at least about the same.
Therefore, the light passing from the containment medium into the electrode
material will bend toward the normal, and that passing from the electrode
into the support medium will bend away from the normal; the net effect of
the electrode thus being nil or substantially negligible. Accordingly, the
majority of total internal reflection will occur at the interfaces 19,64.
15      As viewed from the viewing direction 20, the zone 62 will appear
dark or colored according to the compo- sition of the absorbent layer2l.
This is due to the fact that the light beam 65, 65a, 65b, representing the
majority of light that passes through zone 62, will tend to pass through
interface 64, support medium 12, the interface 19 and the reflectance
medium 18, being bent toward or away from the normal, at respective
interfaces as shown. 20      The projector of the Invention preferably uses
light that is transmitted through the liquid crystal material without
refraction or that is forward scattered by the liquid crystal material.
Briefly referring to Fig. 5, the field- onorordered alignment condition and
operation of the encapsulated liquid crystal layer6l in the display device
60 are shown for achieving such unrefracted or substantially unrefracted
transmission of light. The encapsu- lated liquid crystals 11 in the layer
61 of Fig. 5 are like those seen in Fig. 3. Therefore, like the light beam
65, 25  65a, 65b which passes through the zone 62, the light beam 70, 70a,
701 will follow a similar path being trans- mitted through the aligned and,
thus, effectively transparent or non-scattering layer 61. At the interface
19, the light beam 70a will be bent away from the normal and subsequently
light beam 70i will be transmitted through medium 18 in parallel to the
beam 70' entering the display 60. Thus, when the display 60, and partic-
ularly the encapsulated liquid crystal material therein, is in the orderly
aligned or field-on condition, the area 30  at which the liquid crystal is
located will have substantially the same appearance as that of the zone 62.
It is noted that if either the incident beam 65 or 70 were to enter the
support medium 12 at the interface 64 at such a large angle with respect to
the normal there, and, therefore, ultimately to impinge on the interface 19
at an angle greater than one falling within the so-called cone of light
angle a , such beam would be totally internally reflected at the Interface
19. However, such reflected light probably would remain within the support
35  medium 12 due to subsequent transmission through the layerof liquid
crystal material 61 and subsequent total internal reflectance at the
interface 64, etc. Turning now to Fig. 6, an example of a liquid crystal
device 100 in accordance with the invention Is shown in the form of a
liquid crystal display device, which appears as a square cornered figure
eight 101 within the substrate or support medium 12, which in this case
preferably is a plastic material, such as Mylar, or may al- 40  ternatively
be another material, such as glass, for example. The shaded area appearing
in Fig. 6 to form the square cornered figure eight is comprised of one or
more layers 61 of encapsulated liquid crystals 11 arranged in one or more
layers on and adhered to the substrate 12. An enlarged fragmentary section
view of a portion of the figure eight 101 is illustrated in Fig. 4 as the
display 60 described above with reference to Figs. 4-5. Each of the seven
segments of the figure eight 101 may be selectively energized or not so as
to create 45  various numeral characters. For example, energization of the
segments 101a and 101b would display the nu- meral "1 and energization of
the segments 101a, 101b, 101c would display the numeral '7". What is meant
by energization here is the placing of the respective segments in a
condition to appear bright relative to back- ground. Therefore,
energization meansfield-off orrandom alignment condition of, for example,
segments I Ola and 101b to display 1 while the other segments are In
field-on, ordered alignment. 50      Figs. 7 and 8 illustrate, respectively
in fragmentary section and fragmentary isometric-type views, an em-
bodiment of the invention representing the preferred arrangement of the
liquid crystal layer 61" and electrodes 



13", 14" in the support medium 12". In Figs. 7 and 8, double primed
reference numerals designate parts cor- responding to those designated by
unprimed reference numerals in Figs. 4 and 5. In particular, it is
preferred according to the illustration of Figs. 7 and 8 that the display
device 60" have the layer 61" and the electrode 55   13" substantially
continuous over the entire or at least a relatively large portion of a
display device. The elec- trode 13" may be connected, for example, to a
source of electrical ground potential. The electrode 14" may be divided
Into a plurality of electrically isolated electrode portions, such as those
represented at 14a, 14b, each of which may be selectively coupled to a
source of electric potential to complete application of an electric 14
EP0179903B1 field across that liquid crystal material which Is between such
energized electrode portion 14a or 14b and the other electrode 13".
Therefore, for example, an electric field may be applied across the
electrodes 14a, 13" causing the encapsulated liquid crystal material
falling substantially directly therebetween to be in ordered, field-on
alignment and, thus, effectively optically transparent in the
mannerdescribed above. Atthe same time, 5   it may be that the electrode
14b Is not connected to a source of electric potential so that the liquid
crystal ma- terial between such electrode 14b and the electrode 13" will be
in distorted orrandomalignmentand, therefore, will appear relatively bright
from the viewing direction 20". A small gap 120 between electrodes 14a, 14b
pro- vides electric Isolation therebetween to permit the just-described
separate energization or not thereof. Briefly referring to Fig. 9, the
preferred embodiment and best mode of the present invention is shown as 10
the display 60". In Fig. 9 the various portions designated by triple primed
reference numerals correspond to those portions designated by similar
reference numerals, as are described above. The display device 60 is made
generally In accordance with the numbered examples presented above. In
particular, the lower support medium 12b  is formed of Mylar film having an
Indium doped tin oxide Intrex electrode 13' thereon; and the layer 61"' of
encapsulated liquid crystal material was applied to the electrode coated
surface, as is shown. Sev- 15  eral electrode portions 14a", 14b", etc.
with a respective gap 120" therebetween, were applied either directly to
the surface of the layer 61'"opposite the support medium 12b orto the
support medium 12a, and the latter was applied in the manner shown in Fig.
9 to complete a sandwich of the display device 60 ". The reflectance medium
80 was air. Operation of the display device 60" is according to the
operation described above, for example, with reference to Figs. 4-5 and 7.
20      Referring to Fig. 10, an encapsulated liquid crystal 130 of the
type described In Example 7 below is sche- matically shown. Such capsule
130 includes a spherical capsule wall 131 of containment material 132,
oper- ationally nematic liquid crystal material 133 inside the capsule, and
a cholosteric chiral additive 134. The ad- ditive 134 is generally in
solution with the nematic materia 13, although the additive is shown in
Fig. 10 at a central location because its function primarily is with
respect to the liquid crystal material remotefrom the cap- 25  sule wall,
as is described further below. The capsule 130 is shown in field-off,
distorted condition with the liquid crystal material distorted in the
mannerdescribed above, forexample, with reference to Fig. 2. The liquid
crystal material most proximate the wall 131 tends to be forced to a shape
curved like the inner boundary of that wall, and there is a discontinuity
135 analogous to the discontinuity 55 shown in Fig. 2. 30   Example 7 The
steps of Example 1 were followed using the same materials and steps as in
Example 1 except that 3% cholesterol oleate (chiral additive), acholosteric
material, was added priortothe mixing step, and then such mixing was
carried out at very low shear. The resulting capsules were somewhat larger
than those produced 35  In Example 1. The encapsulated liquid crystal
material was still operationally nematic. In operation of the material
formed in Example 7, it was found that the chiral additive improved
(reduced) the response time of the operationally nematic encapsulated
liquid crystal material, particularly in returning to the distorted
alignment generally following the wall shape of the individual capsules,
promptly after going from a field on to a field off condition. In such
relatively large capsules, say about on the order of at least 8 40  microns
total diameter, when going to the field off condition, it is the usual case
that the liquid crystal material adjacent the capsule wall would return to
the distorted alignment following the capsule wall shape or curvature
faster than would the liquid crystal material closer to the center of the
capsule; this disparity tends to slow the overall response time of the
material. However, the chiral additive induces a tendency for the structure
to twist. This Influence on the nematic material is most noticeable remote
from the capsule wall and, thus, speeds up 45  the return of such
relatively remote material to distorted alignment, preferably Influenced by
the shape of the capsule wall. Such chiral additive may be in the range of
about 0.1% to about 8% of the liquid crystal material and a preferred range
of about2% to about 5%. The amount mayvarydepending on the additive and the
liquid crystal and could even be outside the stated range as long as the
capsule remains operationally nematic. It will be appreciated that the
encapsulated liquid crystal 130 of Fig. 10 may be substituted in various
em- 50  bodiments of the invention described in this application in place
of or in conjunction with the otherwise herein 



described encapsulated liquid crystal material. Operation would be
generally along the lines described in Ex- ample 7. Another additive also
may be used to reduce and/or otherwise to control the viscosity of the
liquid crystal during manufacturing of a device 60, forexample. The reduced
viscosky may have a positive effect on emulsion 56  formation and/or on the
process of applying the emulsion to an electrode covered support medium 12.
An ex- ample of such an additive may be chloroform, which is water-soluble
and leaves the emulsion on drying.    EP0179903B1 Example 8 An emulsion was
prepared using about 15 grams of 22% (the rest was water) low viscosity,
medium hy- drolysis PVA; about 5 grams of 8250 liquid crystal (of American
Liquid Xtal) containing about 3% (percentages 5   are with respect to the
weight of the liquid crystal) cholesterol oleate, about 0.1% of a 1% (the
rest was water) solution of L.O. 630 surfactant, and 15% chloroform. Such
material was mixed at high shear for about 3 minutes. The capsules produced
were about [err] to [err] in diameter. A layer such encapsulated liquid
crystal was applied to an electrode covered support medium using a doctor
blade at a gap 5 setting [err]. The material was dried and operated
generally 10  as the materials described above. Briefly referring to Fig.
11, there is shown an alternate embodiment of encapsulated liquid crystal
material 200, which may be substituted for the various other embodiments of
the invention disclosed herein. The en- capsulated liquid crystal material
200 includes operationally nematic liquid crystal material 201 in a capsule
202 having preferably a generally spherical wall 203. In Fig. 11 the
material 200 is in field-off condition, and 15 in that condition the
structure 204 of the liquid crystal molecules Is oriented to be normal or
substantially normal to the wall 203 at the interface 205 therewith. Thus,
at the interface 205 the structure 204 is generally oriented In a radial
direction with respect to the geometry of the capsule 202. Moving closer
toward the center of the capsule 202, the orientation of the structure 204
of at least some of the liquid crystal molecules will tend to curve in
order to utilize, i.e. to fill, the volume of the capsule 202 with a
substantially minimum free energy 20  arrangement of the liquid crystal in
the capsule, for example, as is seen in the drawing. Such alignment is
believed to occurdue to the addition of an additiveto the liquid crystal
material 201 which reacts with the support medium to form normally oriented
steryl or alkyl groups at the inner capsule wall. More particularly, such
additive may be a chrome steryl complex orWerner complex that reacts with
PVAof the sup- port medium (12) that forms the capsule wall 203 to form a
relatively rigid crust or wall with a steryl group or 25  moeltytending to
protrude radially Into the liquid crystal material itself. Such protrusion
tendsto effectthe noted radial or normal alignment of the liquid crystal
structure. Moreover, such alignment of the liquid crystal material still
complies with the above strongly curved distortion of the liquid crystal
structure in field-off condition be- cause the directional derivatives
taken at right angles to the general molecular direction are non-zero. An
example of such material 200 Is presented below: 30 Example 9 To a
5gmsample of 8250 nematicliquidorystalwas added .005gmof a 10%solution of
Quilon M, a chrome steryl complex manufactured by DuPont, along with 3 gm
of chloroform. The resulting material was homogen- 35  ized at low
shearwith 15 gms of a 22% w/w solution of Gelvatol 20/30 PVA(the remaining
78% of such Gelvatol solution was water). The result was an encapsulated
liquid crystal in which the capsule wall reacted with the Quilon M to form
an insoluble shell. By observation with polarized light it was determined
that the capsule wall aligned the liquid crystal In a 40  radial direction.
A film was cast on a Mylar support medium already having an Intrex
electrode thereon, as above, using a doctor blade with a gap setting of
[err]. The resulting film had a thickness of [err] on drying. An auxiliary
electrodewas attached. The material began to align in the capsule at
10volts andwasfullyaligned at 40 volts. Such alignment would be like that
shown in Fig. 3 above. 45      The Invention may be used In a variety of
ways to effect display of data, characters, information, pictures, etc. on
both small and large scale. According to the preferred embodiment and best
mode of the invention, the liquid crystal material is placed In the support
medium 12 at only those areas where characters, etc., are to be formed. In
the alternative, the layer 61 may extend across the entire support medium
12, and only those areas where characters are to be displayed will have
electrodes for controlling field-on/field-off with respect to the 50
proximate portions of the liquid crystal layer 61. Various other designs
also may be employed, as may be de- sired, utilizing the enhanced
scattering effected by the total internal reflection and/oroptical
Interference prin- ciples in accordance with the present Invention. 



The Projector Apparatus 55 Turning, now, to Fig. 12, a liquid crystal
projector according to the invention is designated 300. The pro- jector 300
includes a housing 301, an optics portion 302, Including light input and
light output portions 303, 304, and a liquid crystal display 305, all
preferably located within, coupled to, or supported with respect to the
EP0179903B1 housing 301, and an electric drive 306, which may be within,
on, or external of the housing 301. The purpose of the projector 300 is to
project an image or characteristics of an image formed by the liquid
crystal display 305, while the same is driven by the electric drive 306,
onto a projection screen or the like 307. The liquid crystal display 305 is
intended selectively to affect (e.g. scatter) and not to affect (e.g.
transmit) 5   light incident thereon and preferably is of one of the liquid
crystal devices described above. For example, the liquid crystal display
305 would include a support medium and/or containment medium 310 having one
or more layers of plural volumes of liquid crystal material 311 therein.
The support/containment medium 310 preferably is formed as a sheet of
material having a dimension extending into the plane of the drawing of Fig.
12 with an edge 312 of such sheet being seen in Fig. 12. The opposite
surfaces 313, 314 of the display sheet preferably 10  are optically
transparent as opposed to being absorbent or reflective. Therefore, when an
electric field is ap- plied to a selected portion or area of liquid crystal
contained in the display 305, whereby such liquid crystal material becomes
effectively transparent, light incident on the display 305 will be
transmitted therethrough without substantial scattering or absorption.
However, light incident on those portions of the display 305 in which the
volumes of liquid crystal material 311 are in the scattering mode described
above, or in any event 15  in the field-off, curvilinearly aligned or
distorted structural orientation, will tend to be isotropically scattered,
for example over2 pi radians, as viewed in the planardrawing, or4 pi
steradians in three dimensions (spherical volumes), by such liquid crystal
material in the manner described in greater detail above. Dye, such as
non-pleochroic dye, may be included in display 305 to color light to
produce a colored output. Pleochroic dye may be included in the liquid
crystal. 20     In optics 302 of projector 300, light input portion 303
includes light source 319, e.g. a conventional electric lamp or projector
lamp, and collecting or collimating lens 320, and light output portion 304
includes projection lens 321 and light control device or light controller
322 to discriminate between light scattered by and trans- mitted through
liquid crystal display 305. In one embodiment light control device 322a
(Fig. 13) primarily is a mask 323, and in a second embodiment light control
device 322b (Fig. 14) is an aperture 324. In either case, 25  light control
device 322 selects scattered or transmitted light for projection. Operation
of several projector em- bodiments disclosed herein generally follows the
lens formula [err] Although such formula applies to thin lenses, it will be
apparent to those having ordinary skill in the art that 30  similar
properties and operational constraints will apply to thick lenses and to
multiple lens systems, which are contemplated as included in the invention.
Light source 319 is located at a focal point of the collimating lens 320 so
that such lens produces a colli- mated light output 325 directed at liquid
crystal display 305. Collimated light 325 incident on portions of liquid
crystal display 305 in field-on, optically transmissive condition, will be
transmitted through display 305 and 35  will continue as transmitted
collimated light 326 to projection lens 321. The projection lens focuses
such trans- mitted collimated light 328 at a focal point 327. Collimated
light 325 Incident on liquid crystal material 311 in the field-off,
curvilinearly aligned, distorted, etc., in any event generally isotropic
scattering mode or structural alignment, will tend to be scattered. Such
scattered light is represented at 328 in Fig. 12. Such scattered light 328
may or may not be received by lens 40  321. If received, such scattered
light will tend to be projected by lens 321 toward light control device 322
but in general will not be focused at the focal point 327. Scattering of
light by liquid crystal display 305 occurs pri- marily due to the
difference between the index of refraction of support/containment medium
310 and the ex- traordinary index of refraction of the liquid crystal
material itself. (Optical transmission through display 305
withoutscattering is maximized when the ordinary indexof refraction of the
liquid crystal material and the index 45  of refraction of the
containment/support medium are matched as closely as possible -most
preferably are equal.) Although the volumes of liquid crystal material 311
may be arranged in one or more substantially contin- uous layers throughout
liquid crystal display305, such volumes of liquid crystal material also may
be patterned, whereby discrete sections of liquid crystal display 305 would
contain such volumes and other sections would 50  not thereby providing
isolation forrespective liquid crystal sections. An example of patterning
appears in Figs. 4-5. At least one of the electrodes In display 305 must be
patterned, though, for example In the manner of Figs. 7-9, so an electric
field can be applied selectively to respective selected portions of liquid
crystal material 311. 



Electric drive 306 may be a computer with appropriate power output and/or
control circuitry of conventional design capable of applying electric
potential between respective electrode pairs (such as between electrodes 55
14a and 13" in Fig. 8) to produce an electricfield across the liquid
crystal material 311 between such electrodes. Such electrical drives may be
conventional type used to drive optical displays and the like. Turning,
now, particularly to Fig. 13, the light control device 322a includes a mask
323 located at the focal point 327 of the projection lens 321. The
collimated light 326 received by the lens 321 is focused at the focal 17
EP0179903B1 point 327 and simply Is blocked by the mask 323. However, the
lens 321 projects the scattered light 328 as light 330 out through a light
output opening 331 in the projector 300 housing 301 to form the desired
viewable image on the projection screen 307. To maximize the amount of
scattered light collected, the lens 321 in this embodiment should be as
large as is reasonably possible. Additional lenses, mirrors, filters, etc.,
as may be 5   desired or required, may be employed to complete the function
of projecting the light 330 passing out through the opening 331 to form the
desired image on the screen 307. Using the projector 300 with the light
control device 322a, then, those portions of the liquid crystal display 305
which are transmissive will appear black or dark on the screen 307 and
those portions which are in scattering mode will appear relatively bright
on the screen 307. 10     In Fig. 14, now, the light control device 322b
Includes an aperture 324. The projection lens 321 focuses the collimated
light 326 at focal point 327, which is located in the aperture or at least
in a position with respect to the aperture 324 so as to permit the passage
of all or substantially all of the light focused thereat through the
opening 332 for projection onto the screen 307. One or more additional
lenses, mirrors orother optical de- vices may be employed to complete the
function of projecting such light passing through the aperture 324 onto 15
the screen 307. However, the scattered light 328 reaching the lens 321 is
directed as light 330 onto walls 333 of the projector 300 housing 301
and/or walls bounding the aperture and, in any event, is blocked from being
transmitted through the aperture opening 332. Preferably the mask 323 (Fig.
13) and the walls 333 are optically absorbent, for example Including black
paint, black felt, or other material to absorb light incident thereon,
there- fore preventing the reflection of spurious light back Into the
Interior 334 of the projector housing. In fact, all of 20  the interior
walls of the projector housing 301 may be black or otherwise light
absorbent to minimize spurious light therein. In operation of the projector
300 employing the light control device 322b, then, those portions of the
liquid crystal display 305, which are in the field-on, light transmitting
mode, will appear bright on the screen 307; whereas those portions of the
liquid crystal display 305 which are In the scattering mode will appear
relatively 25  dark on the screen 307. As was mentioned above, the lens
formula [err] generally applies. [err] is the object distance, i.e. the
distance of the display 305 from the lens 321; [err] is the image distance,
i.e. the distance of the screen 307 from the lens; and f is the focal
length of the lens. 30      The electric drive 306 may be a conventional
computer, such as a microcomputer, with appropriate power, drive,
isolation, etc. circuitry connectable to the respective electrodes of the
display 305 selectively to apply or notto apply an electric field to
corresponding respective portions of the liquid crystal material 311. The
drive 306 may be controlled by a person selectively to change the
particular image on the liquid crystal display 305 e.g. by making manual
adjustments such as closing switches to respective circuits that apply
voltage to re- 35  spective electrodes, or by programming and operating the
computer of the drive. For example, if a lecturer were using the projector
300 during the course of a lecture, by operating the electric drive 306
periodically the lecturer could change the particular Images, and,
therefore, the information projected onto the projection screen 307.
Alternatively, the electric drive 306 may operate automatically
sequentially to change the image projected on the projection screen 307,
and, If desired, the electric drive 306 may operate in a relatively rapid
40  fashion to cause the rapid changing of the image and, therefore, the
effect of a moving picture projected on the screen 307. Various
conventional support means (not shown) may be employed in the projector 300
as well as in the other projectors described below with respect to Figs. 15
and 16, to support the various components of the projector in the housing
301 orin any eventwith respectto such housing orwith respectto each other.
Examples 45  would be a socket for the lamp of the light source 319, lens
holders for the lenses 320, 321, a support frame, such as a holder,
ortransparent substrate, such as a sheetof glass, plastic, Mylar film, etc.
for the liquid crystal display 305, and so on. Appropriate electrical
connections (not shown) also would be apparent to those having ordinary
skill In the art, such as, for example, power connections to the light
source 319 and electrical con- nections, represented at 335, between the
electric drive 306 and the several electrodes of the liquid crystal 50
display 305. Moreover, adjustability of the light output 336 from the
projector 300 may be effected by appro- 



priate adjustability of the size of the mask 323, of the opening 331,
and/or of the opening 332 In the aperture 324. Advantages of the projector
embodiment of Fig. 13 In particular are the ability to use a display 305
that produces a relatively small amount of scattering in field off
condition - therefore the display can be relatively 55  thin; and the
ability accurately to control with facility the so-called turn on
characteristics of the display and projector using same. These advantages
facilitate multiplexed operation or driving of the multiple pixels, for
example, in a relatively large size display with a minimum number of drive
circuits being required to effect de- sired driving. 18    EP 0 179 903 B1
The illustrations in Figs. 15A and 15B demonstrate such advantages of the
projector301 of Fig. 13. In Fig. 15A is a profile 340 showing how much
light may be scattered in respective directions on one side of the display
305 when in field off condition. Much of the scattered light is transmitted
through lens 321 and opening 331, but some scattered light is scattered
away from the opening 331 and is blocked by the housing wall 333. As 5
electric field is applied to the liquid crystal display 305, the cone of
light 341 on the profile 340 will tend to collapse, e.g. as is shown at 342
and the amount of scattered light, i.e. intensity, exiting the opening 331
will increase. The general increase in Intensity of projected light through
opening 331 as a function of voltage or electricfield magnitude is
represented by curve 343 in Fig. 15B, particularly at the lefthand portion
344 of the curve. The change in intensityatcurve portion 344 is
relativelygradual, and in any eventoverthe extent thereof 10  light will be
transmitted through the opening 331. However, when adequate voltage Vt is
applied to liquid crystal in the display a very rapid transition occurs in
the liquid crystal alignment, i.e. so as to become substantially
transparent, whereupon the transmitted light therefrom is focused on the
mask 323 and does not pass through opening 331. Such rapid transition is
rep- resented in Fig. 15B at curve portion 345 which has a much steeper
slope than does curve portion 344. 15      Multiplexed operation of the
display 305 may be carried out by selectively applying or not a positive
po- tential or voltage on one electrode or electrode portion (say electrode
14a, Fig. 8) and by selectively applying or not a negative potential or
voltage to the other electrode or electrode portion (say electrode 13",
Fig. 8). When a voltage is applied to either one of the electrodes but not
to the other a change in intensity of light trans- mitted through opening
331 may occur in response to the continued scattering of light by liquid
crystal between 20  such electrodes. However, when positive voltage is
applied to one electrode and negative voltage Is applied to the other, then
adequate potential difference/electric field occurs across the liquid
crystal between those electrodes to achieve the desired transition to
transparent condition (curve portion 345). The transmissive, field on
liquid crystal then will appeardarkon screen 307since lighttransmitted
bysuch liquid crystal is focused on the mask or stop 323. 25      Referring
to Fig. 16, the preferred embodimentand best mode ofthe invention in the
form of a liquid crystal projector350 is shown. The projector 350 includes
a modified housing 351 containing the projector optics 352, including a
light input portion 353 and a light output portion 354. The light input
portion 353 includes a light source 319 and a Fresnel lens 355, and the
light output portion 354 includes an aperture 356, a reflector 357, and a
projection lens 358. The reflector357 and projection lens 358 are
positioned in a housing orframe portion 30  360 optically downstream of the
aperture 356, which is mounted In the housing 351. The reflector 357 is
pro- vided to fold the optical path of the liquid crystal projector 350 and
thereby to reduce the size and/or general structural configuration of the
projector relative to, for example, the straight through projector 300
shown in Fig. 12. The light source 319 is located at a first conjugate
point of the Fresnel lens 355, and the aperture 356 is 35  located at a
further conjugate point 361 of the Fresnel lens 355. Therefore, In the
absence of any optical dis- turbance, light from the source 319 traveling
along the optical path 362 and received by the Fresnel lens 355 will be
focused at the focal point 361 in the aperture or proximate the aperture
356. Moreover, the light trans- mitted through the aperture 356 will be
reflected by the reflector 357 toward the projection lens 358 and will be
projected by the latter onto the screen 307, for example to form an image
thereon. 40      The display 305 is mounted preferably In parallel and in
proximity to the Fresnel lens 355 and also is mount- ed in the object plane
of the lens 321, i.e. a distance [err] from the lens according to the above
formula require- ments. Preferably the effect of the index of refraction of
the display 305 will not detrimentally affect the light focused by the
Fresnel lens 355 at the aperture 356 unless liquid crystal in the display
is In the scattering mode. in operation of the liquid crystal projector
350, then, the electric drive 306 operating through the intercon- 45
nection 335 to the liquid crystal display 305 applies an electric field,
for example, to selected portions of the display and does not apply an
electric field to other portions. Those portions in which the field is
applied will be optically transmissive, and the other portions will operate
in a scattering mode, as aforesaid. The lighttrans- 



mitted through the display 305 will be focused at the conjugate point 361
of the Fresnel lens 355 in the aperture 356. Such light, moreover, will be
reflected by the reflector 357 and projected by the lens 358 onto the
screen 50  307 to form bright areas of an image thereon. On the other hand,
those portions of the liquid crystal display 305 which tend to scatter
light, will scatter such light generally isotropically preferably over4 pi
steradians and, in any event, substantially most of such lightwill be
scattered awayfrom or so as not to pass through the aper- ture 356 and
instead will be absorbed by the walls or material associated with, lining,
etc. the housing 351. A particular advantage to the liquid crystal
projector 350 is the positioning of the liquid crystal display 305 55
generally in a horizontal plane; and such liquid crystal display or,
alternatively, a further optically transparent medium, such as a plastic
sheet, glass plate, etc., may be positioned over the liquid crystal display
and provide a surface on which a person could write information for
projection onto the screen 307 in the same way that conventional overhead
projectors are employed to project an image manually written in real time
onto the sur- 19    EP 0 179 903 B1 face of a transparency. To permit
access to such surface or, alternatively, to the top surface 305a of the
liquid crystal display on which Information could be written manually, an
appropriate opening may be provided in the projector housing 351. For
example, what are Illustrated In Fig. 16 as closed or solid walls 363 of
the housing 351 may In fact be frame-like members intended to position the
aperture 356 and the light absorbing wall sur- 5   face(s) 364 relative to
the focal point 361 while an open area 365 between the structural frame
members or simply formed in the housing wall is provided for manual access
to the surface 305a or other writing surface mentioned above. Of course,
various support members, frame members, structural members, electrical con-
nections, and the like of conventional design, for example, would be
employed to position and to mount the various components of the liquid
crystal projector 350 generally in the operational relation illustrated in
Fig. 10  16. A double or compound folded liquid crystal projector 370
according to the invention is illustrated in Fig. 17. The projector 370
includes a housing 371, an optics portion 372 Including input optics 373,
output optics 374, and a reflector 375, and an electric drive 306. A
Fresnel lens 376 is positioned to function as part of each of the input
optics 373 and the output optics 374. More specifically, the light source
319 directs light onto the 15  Fresnel lens 376, and that light preferably
is collimated by the lens and is directed to the liquid crystal display
305. As to those portions of the liquid crystal display305 which are in an
aligned, field-on, optically transmitting mode, the same being determined
by electric drive 306, which is shown as a computer coupled by an
electrical connector 377 to the electrodes of the display 305, as
aforesaid, such collimated incident light will transmit through to the
reflector375 and be reflected back through the transmitting liquid crystal
portion to the Fresnel 20  lens 376. The Fresnel lens 376 focuses such
reflected lightas part of the output optics 374 to an aperture 380, which
is located at the focal point 381 of the Fresnel lens. Such focused light,
then, is reflected by a reflector 382 in the output optics to the
projection lens 383 which projects the reflected light to form an image on
the screen 307. However, light scattered by the liquid crystal display 305
will tend to be scattered isotropically/ran- domly and such scattered light
on reaching the Fresnel lens 376 in general will not be received in a
direction 25  perpendicular to the general plane of the lens and,
accordingly, will not be focused by the lens at focal point 381. In
operation of the liquid crystal projector 370, then, the electric drive 306
may be operated as aforesaid tocreatethe transmitting portions of the
display305, while otherportions of thedisplaymay be in the scattering mode.
Those portions of the display 305 In the transmitting mode will result in
production of bright areas pro- 30  jected onto the screen 307, while other
areas of the display 305 which are scattering will appear representa-
tively relatively dark on the screen 307. The liquid crystal projector 370
also has the convenience of relatively low profile and overall dimensions
In view of the double or compound folded optical path therein. However, if
desired, an additional glass plate, plastic sheet, etc. may be placed for
support above the upper surface of the Fresnel lens 376 to provide a
surface on which information manually can be written during use of the
projector 35  370. In such case, access, e.g. an opening or door 384 in the
housing 371, would be provided for a person to inserts hand and writing
Implement into the housing orframe structure 371 of the projector 370 to
permitsuch writing. The liquid crystal display may be as small as 35mm or
16mm or may be 216mmx279mm (8-1/2" x 11 ") or larger The liquid crystal
volumes may be over the entire display and may require a patterned
electrode. Pat- 40  trned liquid crystal may be used or full area coverage
by the liquid crystal may be used in the liquid crystal display 305 of the
projector. Contrast is a function of f number. Black areas will be black as
function of f number and scattering; the higher the f number the darker the
black on screen 307 because less light is collected by the lens 383. Clear
area brightness will not be a function of f number because in focus, i.e.
in the focal plane of projector lens. 



45      Briefly referring to Fig. 18, a liquid crystal display 400 for use
with the several projectors of the invention is shown in conjunction with
an electric drive 306. The display 400 has dye 401 therein. Such dye Is
represented schematically. However, it will be appreciated that such dye
401 may be pleochroic dye In the liquid crystal to reduce transmission and
scattering In the field-off condition; may be a non-pleochrolc one colordye
in the liquid crystal or in the contact/support medium to color light; or
may be several non-pleochroic dyes of several dif- 50  ferent colors
located in different portions of the display to provide a multicolor output
tending to effect a tinting or coloring form of light projected by the
projector using such display 400. Using the circuitry illustrated in Fig.
18, then, various pixel-like areas, such as those identified 401R, 401G,
401 B In the display 400 selectively can be addressed to apply or not to
apply an electric field thereacross. De- pending on which pixels are
energized and which are not, light transmitted through the display 400 may
be 55  colored so that the resulting output of light projected by a
projector using such display 400 will provide a color output. Moreover, If
the pixels In the display 400 are adequately small, the same may in effect
be additive in the coloring effect on the projected light. Accordingly,
various colors may be produced by having more than one of such pixels
energized or not at any given time. Such additive coloring may be
considered analogous to 20    EP 0179903 B1 that which occurs in a
conventional color television in which selected color dots or pixels are
selectively energ- ized, and ordinarily only three different colors are
required to produce virtually any color output, as is known in this color
optics field. Turning now to Figs. 19 and 20, a further embodiment of the
preferred projector of the invention having 5   colorcapability is
represented at450. The various components of the projector450 in Fig. 19
are substantially the same in form and function as those illustrated and
described above with respect to the projector 350 illu- strated in Fig. 16.
However, in the projector 450 there Is located at the aperture 356 a color
filter type device 451, which may be operatively controlled by the electric
drive 306 connected by connection 335a to color or not light transmitted
through the liquid crystal display 305 and focused by the Fresne lens 355
onto the aper- 10  ture 356. The color f lter type device 451 is shown in
plan view in Fig. 20 having respective red, green and blue pie- shape
sectors 452R, 452G, 452B. Each sector preferably is comprised of liquid
crystal display material the same as or similar to that used for the liquid
crystal display 355; however, each individual sector of the filter 451 is
dyed a respective color. More specifically, the filter 451 may be formed of
operationally nematic liquid 15  crystal material contained in plural
volumes formed in a containment medium. Non-pleochroic dye preferably Is
provided, for example by Imbibition or otherwise, in the liquid crystal
material and/or containment medium in the respective colored sectors.
Electrodes positioned on opposite sides of the filter 451 may be energized
selectively by the electric drive 306 to apply an electric potential across
any one or more of the sectors causing the same to become generally
optically transparent, but nevertheless capable of tinting or coloring
light trans- 20 mitted therethrough. In operation, then, if the red sector
452R had an electric field applied across it to make the same relatively
transparent, while the green and blue sectors 452G, 452B were not
energized,-light trans- mitted through the aperture 356 and projected by
the lens 358 would be tinted orcolored red. Similaroperation could occur by
exclusively energizing one of the green or blue sectors 452G, 452B to
effect green or blue col- oring of the projected light Additive coloring
could occur, too, by energizing two or three of the sectors in the 25
filter 451. As to those segments 452 which are not energized and optically
transmissive, the same will tend to scatter light which primarily will not
be collected by the lens 358 for projection onto the screen 307; although
some of such scattered light may be collected and transmitted, nevertheless
the amount of that light would be relatively small compared to that
transmitted through the energized sector and, accordingly, would have mini-
mal effect on the color projected onto the screen 307. Also, if desired, an
additional undyed sector may be 30  included in the filter 451 to
facilitate transmitting white light to the lens 358 for projection onto the
screen 307. Itwill be appreciated that the electric drive 306 may change
selectively the portionsor pixels of the liquid crystal display 305 and can
coordinate the same with selected operation of the filter 451 thereby to
produce single color or multicolored images, either still or moving, for
projection by the lens 358 onto the screen 307. It will be appreciated that
the projector 450 provides control of the optical characteristics of an
image pro- 35  jected onto a relatively large screen by using a relatively
small size light control shutter which preferably has one or more different
color sectors or segments. Thus, a relatively large area of output light,
i.e. the image projected onto the screen 307, can be chopped or controlled
by a relatively small area shutter 451, and using only three different
colored sector portions 452 of the filter 451, more than three color
outputs can be obtained. The invention may be used, inter alla, to project
a light image of characteristics created in a liquid crystal 40  optical
display. Claims 



45  1. A projector comprising: liquid crystal means (305) for controlling
the transmission or scattering of Incident light, the liquid crystal means
comprising a liquid crystal material which scatters or transmits light as a
function of the amplitude of a selected predetermined electric field
applied across the liquid crystal means, and means (13, 14) for applying
said electric field; 50            optical means including () projecting
means (302, 304) for projecting light which is affected or not affected by
said liquid crystal means; and (ii) optical discriminating means (322;
322a; 322b; 380) for discriminating between light scattered and light
transmitted by said liquid crystal material; 55            characterised in
that the liquid crystal material is encapsulated in the form of plural
volumes (11; 130; 200) in a containment medium (32; 132; 202), the
containment medium inducing in the liquid crystal material an alignment
which results In the scattering of incident light in the absence of an
electric field, the amount of said scattered light being reduced when a
predetermined electric field is applied. 21    EP 0 179 903 B1 thatwhich
occurs in a conventional colortelevision in which selected colordots or
pixels are selectively energ- ized, and ordinarily only three different
colors are required to produce virtually any color output as is known in
this color optics field. Turning now to Figs. 19 and 20, a further
embodiment of the preferred projector of the invention having 5
colorcapability is represented at 450. The various components of the
projector450 in Fig. 19 are substantially the same in form and function as
those illustrated and described above with respect to the projector 350
illu- strated In Fig. 16. However, in the projector 450 there is located at
the aperture 356 a color filter type device 451, which may be operatively
controlled by the electric drive 306 connected by connection 335a to color
or not light transmitted through the liquid crystal display 305 and focused
by the Fresnel lens 355 onto the aper- 10  ture 356. The color filter type
device 451 is shown In plan view in Fig. 20 having respective red, green
and blue pie- shape sectors 452R, 452G, 452B. Each sector preferably is
comprised of liquid crystal display material the same as or similar to that
used for the liquid crystal display 355; however, each individual sector of
the filter 451 is dyed a respective color. More specifically, the filter
451 may be formed of operationally nematic liquid 15  crystal material
contained in plural volumes formed In a containment medium. Non-pleochroic
dye preferably is provided, for example by Imbibition or otherwise, in the
liquid crystal material and/or containment medium in the respective colored
sectors. Electrodes positioned on opposite sides of the filter 451 may be
energized selectively by the electric drive 306 to apply an electric
potential across any one or more of the sectors causing the same to become
generally optically transparent but nevertheless capable of tinting or
coloring light trans- 20  mitted therethrough. In operation, then, if the
red sector 452R had an electric field applied across it to make the same
relatively transparent, while the green and blue sectors 452G, 452B were
not energized, light trans- mitted through the aperture 356 and projected
by the lens 358 would be tinted orcolored red. Similaroperation could occur
by exclusively energizing one of the green or blue sectors 452G, 452B to
effect green or blue col- oring of the projected light Additive coloring
could occur, too, by energizing two or three of the sectors in the 25
filter 451. As to those segments 452 which are not energized and optically
transmissive, the same will tend to scatter light which primarily will not
be collected by the lens 358 for projection onto the screen 307; although
some of such scattered light may be collected and transmitted, nevertheless
the amount of that light would be relatively small compared to that
transmitted through the energized sector and, accordingly, would have mini-
mal effect on the color projected onto the screen 307. Also, if desired, an
additional undyed sector may be 30  included in the filter 451 to
facilitate transmitting white light to the lens 358 for projection onto the
screen 307. It will be appreciated that the electric drive 308 maychange
selectively the portions orpixels of the liquid crystal display 305 and can
coordinate the same with selected operation of the filter 451 thereby to
produce single color or multicolored images, either still or moving, for
projection by the lens 358 onto the screen 307. It will be appreciated that
the projector 450 provides control of the optical characteristics of an
image pro- 35  jected onto a relatively large screen by using a relatively
small size light control shutter which preferably has one or more different
color sectors or segments. Thus, a relatively large area of output light,
i.e. the image projected onto the screen 307, can be chopped or controlled
by a relatively small area shutter 451, and using only three different
colored sector portions 452 of the fliter451, more than three color outputs
can be obtained. The invention may be used, inter alia, to project a light
image of characteristics created in a liquid crystal 40  optical display.
Claims 



46  1. A projector comprising: liquid crystal means (305) for controlling
the transmission or scattering of incident light, the liquid crystal means
comprising a liquid crystal material which scatters or transmits light as a
function of the amplitude of a selected predetermined electric field
applied across the liquid crystal means, and means (13, 14) for applying
said electric field; 50            optical means Including (i) projecting
means (302, 304) for projecting lightwhich is affected or not affected by
said liquid crystal means; and (11) optical discriminating means (322;
322a; 322b; 380) for discriminating between light scattered and light
transmitted by said liquid crystal material; 55            characterised in
that the liquid crystal material is encapsulated in the form of plural
volumes (11; 130; 200) in a containment medium (32; 132; 202), the
containment medium inducing in the liquid crystal material an alignment
which results in the scattering of Incident light in the absence of an
electric field, the amount of said scattered light being reduced when a
predetermined electric field is applied. 21    EP 0 179 903 B1 2.  A
projector according to Claim 1 characterised in that the optical means
includes output means (321) to project light scattered by the liquid
crystal means. 3.  A projector according to Claim 1 or Claim 2
characterised in that the liquid crystal material is microencap- 5
sulated in the containment medium. 4. A projector according to any
preceding claim, characterised in thatat least some ofthe plurality of
volumes are interconnected. 5.  Aprojectoraccording to any preceding claim
characterised In thatthe liquid crystal material is operation- ally
nematic, has positive dielectric anisotropy and an ordinary index of
refraction substantially matched to that of the containment medium to
maximise optical transmission in the presence of the predetermined electric
field. 6.  A projectoraccording to Claim 5, characterised in that the
liquid crystal material has an extraordinary index 15       of refraction
which differs from that of the containment medium to effect substantially
isotropic scattering in the absence of the predetermined electric field. 7.
A projectoraccording to any preceding claim characterised in that the means
for applying the electric field comprise transparent electrodes. 20 8.
Aprojectoraccording to Claim 7 characterised in thatthe electrodes are
operativelyconnected to electrical control means (306). 9.  A projector
according to any preceding claim including means (319,320) for providing
incident light to the 25      liquid crystal means. 10.  A projector
according to any preceding claim characterised in that the optical means
includes an optical stop (323) disposed to prevent the projection of light
transmitted by the liquid crystal means. 30   11. A projector according to
Claim 10 including a housing (301), characterised in that the optical stop
is dis- posed in an aperture (331) in the housing through which aperture
light is projected, the optical means being arranged to focus light
transmitted by the liquid crystal means without scattering onto the stop
and to transmit scattered light through the aperture. 12. A projector
according to any of Claims 1 to 9 including a housing, characterised in
that the housing has 35      formed therein an aperture disposed to permit
projection of light transmitted without scattering. 13. A projector
according to any of Claims 1 to 9 characterised in that the optical means
Includes a fresnel lens (355, 376) positioned in proximity to the liquid
crystal means. 40 14. Aprojector according to Claim 13 including a housing,
characterised in that the housing has formed therein an aperture disposed
to permit projection of light transmitted without scattering, and further
characterised in that the fresnel lens is arranged for directing incident
light from a source (319) of light onto the liquid crystal means for
focusing light transmitted through the liquid crystal means approximately
on the aper- ture. 45 15. A projector according to any preceding claim
characterised in that the optical means Includes a collimator (32) disposed
to transmit collimated light to the liquid crystal means. 16. A projector
according to any preceding claim characterised in that the liquid crystal
material includes ad- 50       ditive means (134) which expedites return
ofthe liquid crystal material tothe alignmentsuch that the liquid crystal
means absorbs and/or scatters light upon removal of the predetermined
electric field. 



17. Aprojectoraccording to any preceding claim characterised In that the
liquid crystal means includes means reactive with the walls of the
containment medium to bias liquid crystal material to adopt an alignment 55
substantially normal to the walls. 18. A projector according to any
preceding claim including a support (12) for the liquid crystal means,
char- acterised in that the support is substantially optically transparent
22                      l * C   L   M   S    EP 0 179 903 B1 19. A
projector according to Claim 18 characterised in that at least one of the
support, containment medium or liquid crystal Includes a non-pleochroic dye
(401). 20. Aprojectoraccording to any preceding claim characterised in
thatthe liquid crystal means includes a pleo- 5       chroic dye (401). 21.
A projector according to Claim 20 characterised in that the pleochroic dye
aligns on application of an elec- tric field to alter light absorption
characteristics of the liquid crystal means. 22. A projector according to
Claims 19 and 20 and optionally Claim 21 characterised in that the support
and/or 10      the liquid crystal means Is divided Into a plurality of
regions (401R, 401G. 401B), said regions respectively including dye of
different colours. 23. A projector according to Claim 22 characterised in
that it includes electrical control means (306) for ap- plying an electric
field to selected areas of the liquid crystal means for creating areas of
different colours 15      for projection by the optical means. 24. A
projector according to any preceding claim characterised in that the liquid
crystal means is of sheet- like form. 20   25. A projector according to any
preceding claim characterised in that the optical means includes colour
means (451) in the light path to colour projected light. 26  A projector
according to Claim 25 characterised in that the colour means includes
colour filters (452R, 452G, 452B) operable in response to colour filter
control means (306) to transmit or scatter incident light 25      thereon,
thereby to permit colouring of the output of the projector. 27. A projector
according to Claim 25 or Claim 26 characterised in that said colour means
comprises volumes of liquid crystal material in a containment medium, at
least one of the liquid crystal material and the con- tainment medium being
coloured by non-pleochroic dye to colour light passing therethrough. 30
28. A projector according to any of Claims 25 to 27, characterised in that
the colour means is operable In re- sponse to a prescribed field to
transmit coloured light substantially without scattering for projection or
in the absence of such prescribed field to scatter light to avoid
projection thereof. 20. The projector of Claim 1, further characterised by
the Inclusion of reflector means on one side of the liquid crystal means
for reflecting light transmitted through the liquid crystal means back into
the liquid crystal means. Patontansprache 40 1.  Projektor mit: Elner
Flfssigkrlstalleinrichtung (305) fOr die Steuerung der Durchlassigkeitoder
des Streuens von auftreffendem Licht, wobei die Flfsslgkristalleinrichtung
ein Flussgkrlistallmaterial aufwebst das Licht streutoderdurchlfiltals
Funktbon derAmplitude eines ausgewahiten, vorbestimmten elektrischen
Feldes, 45      welches an derFlflsslkrlstallelnrichtung angelegtwird, und
Einrichtungen (13,14) zum Anlegen deselek- trischen Feldes aufweist,
optischen Projektionselnrichtungen (302, 304) um Licht, welches von der
Flflssigkristalleinrichtung beeinflult oder nicht beeinflulit Ist, zu
projezieren, und elneroptischen Trenneinrichtung (322; 322a; 322b;
380)ffirdie Unteracheidungzwischen gestreu- tem Licht und Licht, welches
durch des FlOsslgkristallmaterial hindurch geleltet wird, dadurch
gekennzelchnet, dalB das Flfissigkristallmaterial in Form einer Mehrzahl
von Volumina (11; 130; 200) in einem Behlltermedium (32; 132; 202)
gekapselt ist, wobei das Behiltermedium in dem Flfissigkristallmaterial
eine Ausrichtung induziert, die zum Streuen des einfallenden Lichtes in
Abwesen- halt eines elektrischen Feldes ffhrt, wobel die Menge bzw. der
Antell des gestreuten Lichtes vermindert 55       wird, wenn sin
vorbestimmtes elektrisches Feld angelegt wird. 2.  Projektor nach Anspruch
1, dadurch gekennzelchnet, dag die optische Einrichtung sine Ausgabeein- 23
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EP O 179 903 B1 richtung (321) aufweist, um von der
FlOsasigkrlstalleinrichtung gestreutes Licht zu projezieren. 3.  Projektor
nach Anspruch 1 oder 2, dadurch gekennzulchnet, daB das
Flflssigkristalimaterial In dem Be- haltermedium mikrogekapselt ist 5 4.
Projektor nach elnem der vorstehenden Anspruche, dadurch gekennzeichnet,
daB zumindest einige der Mehrzahl bzw. VieIzahl von Vdumina miteinander In
Verbindung stshen. 5. Projektor nach einem der vorstehenden Anspruche,
dadureh gekennzelchnet, daB das FlOssigkristall- 10      material in dir
Funktionsweise nematisch ist, eine positive dielektrische Anisotroplie und
elinen normalen Brechungsindex hat, der dem des Behaltbrmediums im
wesentlichen angepasst ist, um die optische Durchlassigkeilt bel
Anwesenhelt des vorbestimmten elektrischen Feldes maximal zu machen. 6.
Projektor nach Anspruch 5, dadureh gekennzelehnet, daB das
FlOssigkristallmaterial eilnen aulerordent- lichen Brechungsindex hat,
dervon dem des BehAltirmidiums abweilcht, um elne im wesenlichen isotrope
t5      Striuung bei Abwesenheilt des vorbestimmtbn elektrischen Feldes zu
bewirken. 7.  Projektor nach eilnem der vorsethenden AnsprOche, dadurch
gekennzelchnet, daB die Elnrichtung zum Anlegen des elektrischen Feldes
durchsichtige Elektroden aufwelst. 2o  8.  Projektor nach Anspruch 7,
dadureh gekennzelchnet, daB die Elektroden funktionell mit einer eilektri-
schen Stbuereinrichtung (306) verbunden sind. 9. ProJektor nach einem
dervorstehinden Ansprriche, einschlieBfich einerEinrichtung (319,320)
fOrdie Be- reitstallung von auf die Flfssigkristalleinrchtung auftreffendem
bzw. einfallendem Licht. 25 10. Projiktor nach elnem der vorstshenden
Ansprriche, dadureh gekennzelehnht, daB die optische Einrich- tung sin
optisches Stoppbeil (323) aufweibt, welches so angeordnet ist, daB es die
Projektion von durch die FlOssigkristallilnrichtung hindurchgelelttim Licht
verhindert. 11. Projektor nach Anspruch 10, einschtleflich sines Gehauses
(301), dadurch gekennzelchnet, daB das optische Stopelement in einerdffnung
(331) bzw. Blendendffnung in dem Gehause angeordnet Ist, wobei Licht durch
diese 6ffnung hindurch projiziert wird und wobei die optische Einichtung so
angeordnet lst, daB iie Licht, welches durch die
Fliissigkristalleinrichtung ohne Streuung hindurchgeleltat wird, auf des
Stoppelernent fokuselirt und gestriutes Licht durch die mffhung hindurch
leitit. 35  12. Projiktor nach elnem der AnsprOche  bis 9, einschilbBiich
eines Gehauses, dadurch gekennzelchnht, daB In dem Gehause eine Offnung
ausgebildet !st, die so angeordnet Ist, daB iie die Projetion von Licht,
welches ohne Striuung hIndurchgeleitt ist, erlaubt. 1. Projektor nach einem
derAnspruche I bis 9, dadureh gekennzelehnet, daB die optische Einrichtung
eine 40      Fresnellinse (355, 376) aufwebst, die In der Nahe der
FlOssigkrIstalleinrlchtung angeordnet sLt. 14. Projiktor nach Anspruch 13,
elnschilefllch eines Gehiuses, dadureh gekmnnzolchnet, daB in dem Ge- hause
eine Offnung ausgebildet ist, dlie so angeordnet !st, daB ale die
Projektion von ohne Streuung hin- durchgeleitetem Llcht erlaubt und weiter
daduroh gekennzelchnet, daB die Fresnellinse far die Leitung is      von
elner Lichtiuelle (319) einfallendem Licht auf die
FliOssigaristalleinrichtung, um Licht, weiches durch die
Flrussigkristallelnrichtung durchgeleitt wird, in etwa auf die 6ffnung zu
fokussieren. 1. Projektor nach elnen der vorstihenden AnseprOche, dadurch
gekennzelchnet, daB die optische Einrich- tung einen Kollimator (32)
aufwebt, der so angeordnet lst, daB er gebOndeltes Licht auf die
FlOssigkri- 50      stalleinrichtung weiterleltt. 16. Projiktor nach ilnem
der vorstehinden AnsprOche, dadurch gekennzelchnet, daB das
Flissigkristall- material ein Zusatzmnittbl (134) aufweilst, welches die
Ruckkehr des FlOssigkristallmaterials in seine Aus- richtung beschleunigt,
so daB des FlOssigkristallmatbrial be! der Wegnahme des vorbiestimmtin
elektri- 55      schen Feldes Licht absorbiert undloder streut. 17.
Projektor nach einem der vorstihenden AnsprOche, dadureh gekennzelchnet,
daB das FlOsslgkristall- material sin Mittel aufweist, wilches mit den
Wanden des Behaltermedlums reagiert, um das FlOssigkri- 24 1 I!IIII    L
11111   111111    EP 0 179 903 B1 stallmaterial vorzuspannen, so dag es
gine Ausrichtung im wesentlichen senkrecht zu den Winden an- nimmt. 18.
ProJektor nach einem dervorstehenden AnsprOche, einschlieffiich einer
Halterung (12) fOr die FRulssigkrl- 5       stallelnrichtung, dadurch
gekennzslchnet, daB die Halterung Im wesentlichen optisch durchsichtig ist.



19. Pmjektor nach Anspruch 18, dadurch gekennuzelchnet, dall zumindest
sines der Tells Haltorung, Be- haltermedium oder FlOssigkristall elnen
nicht pleochroitlschen Farbstoff (401) enthalt. 20. Projektor nach einem
der vorstshenden Anspruche, dadurch gokennzelchnot, daB das
Flfssigkristall- 10      material oinen pleochroltischen Farbstoff (401)
enthait. 21. Projektor nach Anspruch 20, dadurch gekennzelchnet, daB der
pleochroitische Farbstoffsich be! Anle- gen sines elektrischen Feldes
ausrichtet, um so die Lichtabsorbtionseigenschaften der
Fiflssigkristallein- richtung zu Andern. 15 22. Projektor nach Anspruch 19
und 20 und wahlweise such nach Anspruch 21, dadurch gekennzelchnot, daB die
Halterung und/oder die FlOssigkristalleinrichtung in sine Mehrzahl von
Bereichen (401R. 401G, 401 B) aufgeteilt sind, wobei diese Bereiche einen
Farbstoff von jeweils unterschiedlicher Farbe aufwei- sen. 20 23. Projektor
nach Anspruch 22, dadurch gokennzelchnet, daB er sine elektrische
Steuereinrichtung (306) aufweist, fOr das Aniegen &ines elektrischen Feldes
an ausgewahits Bereiche der FlOssigkristalleinrich- tung, um durch die
optischen Elnrichtungen fOr die Projektlon Berelche untbrschiedlicher
Farben zu er- zeugen. 25 24. Projektor nach einern
dervorstahendenAnsprOche, dadurch glkennzelchnot, daB die
Flflssigkristallein- richtung In einer blattartigen Form vorliegt. 25.
Projektor nach elnem dervorstohenden AnsprOche, dadurch goikennzslchnot,
daB die optische Einrich- 30      tung sine Farbelnrichtung (451) in dem
Lichtpfad aufwelst, um das projibzerte Licht farbig zu machen. 26
Projektor nach Anspruch 25, dadurch gokennzelchnot, daB die Farbehnrichtung
Farbfilter (452R, 452G, 452B) aufweist, die unterAnsprechen auf
Farbfiltersteuereinrichtungen (306) betatigbar sind, um darauf
auftreffendes Lichtdurchzulasen oderzu streuen und urn dadurch sine Firbung
derProjektionsausgabe des Projektors zu ermoglichen. 27. Projektor nach
Anspruch 25 oder 26, dadurch gskennz.ichnet, daR die Farbeinrichtung
Volumina von Fifssigkristallmaterial in elnem Behaltermedium aufwelst,
wobel zumindest sines der beiden, namlich das Flssigkristallmaterial
oderdas Behiltermaterial durch sin nicht pleochroitischen Farbstoffgefirbt
Ist, urn das dahin durchtretende Licht farbig zu machen. 40 28. Projektor
nach einem derAnspr(Iche 25 bis 27, dadurch gSkennzelchnet, daB die
Farbeinrichtung unter Ansprechen auf ein vorbestimmtes Feld so betrelbbar
lst, daB sle farbiges Licht Irn wesentlichen ohne Streuung fOr die
Projektlon hindurch iAt oder In Abwesenheit sines solchen vorbestimmten
Feldes das LUcht streut, um seine Projektlon zu verhindern. 45 29.
Projektor nach Anspruch 1, welterhin gekennzeichnet durch EinschluB einer
Reflektorelnrichtung auf el- nerSeite der Flflssigkristalleinrichtung, um
durch die FlOssigkristalleinrichtung hindurch gelassenes Licht zurfick in
die FlOssigstaisllsnrichtung zu reflektieren. 50 Revendlcatlons 1.
Projecteurcomprenant: des moyens A cristaux liquides (305) pour commander
la transmission ou la dispersion d'une lu- 55      minre Incidente, les
moyens a cristaux liquldes comprenant un materiau des cristaux liquides qui
disperse ou transmet la lumiere en fonction de l'arnpitude d'un champ
electrique selectionne pr6dhtermin6 appli- questravers les moyens scristaux
liquides, etdes moyens (13,14) pourappliquerleditchamp 6lectrique; des
moyens de projection optiques (302, 304) pour projeter la lumiere qul est
modIfI6. ou non par 25 1 1111111 111111 1111111111111111 *   C   L   M   S
*    EP 0 179 903 BI lesdits moyens a cristaux liquides ; et des moyens de
discrimination optiques (322; 322a; 322b; 380) pourfaire une discrimination
entre la lumiere diffusee et la lumlere transmise par ledit materiau des
cristaux liquides; caracterls6 en ce quo le materiau des cristaux liquides
eat encapsule sous la forms de plusieurs 5       volumes (11 ; 130; 200)
dane un milieu conteneur (32; 132; 202), le milieu conteneur induisant dane
le materiau des cristaux liquides un alignement qui aboutit A la dispersion
de la lumlire incidents en lPab- 



sence de champ electrique, l'arnpiltude de laditb lumlire dispers6e 6tant
r6duibt lorsqu'un champ eleo- trique pr6dtebrmin6 eat appliqu6. 10  2.
Projecteurselon la rovendication 1, caracteris6 en co quo les moyens
optiques comprennent des moyens de sortie (321) pour projeotr la lumiere
dispersee par les moyons A cristaux liquides. 3. Projectour solon la
revendication 1ou 2, caract6ris6 on ce quo le mat6riau des cristaux
liquides set place dans des micro-capsules A l'interieur du milieu
contoneur. 4. Projectbur salon l'une quelconque des revendications
prec6dentes, caracteris6 en ce qu'au moins car- tains des multiples volumes
sont interconnect6s. 5. Projecteurselon lune quelconque des revendications
prec6dentes, caracerise en ce quo le materiau des cristaux liquides eat
fonctionnellement nematique, on ce qu'l  possbde une anisotropie
dielectrique posi- 20      tive et un Indieo de r6fractbon ordinaire
sonsiblement en correspondance avec colul du milieu contoneur pour portor
au maximum la transmission optique on presence du champ 6lectrique
predtebrmine. 6. Projecteur solon la rovendication 5, caracterise en co quo
le mat6riau des cristaux liquides possede un indloe de r6fractilon
extraordinaire qui diffbre de colul du milieu contoneur pour creer une
dispersion sen- 25      siblement anisotropique on i'absence du champ
dlectrique pred6termin6. 7. Projecteur slon lNune quelconque des
revendications precedentes, caracterise on ce quo les moysns pour appliquer
le champ electrique comprennent des 6loctrodes transparentes. 30  8.
Projecteur solon la revendication 7, caracterns6 en co quo les electrodes
sont fonctionnellement retlies a des moyens 6lectriques de commando (306).
9.  Projectour solon l'une quelconque des revendications pr6c6dentes,
compronant des moyens (319, 320) pour appliquer une lumiere incidente aux
moyens A cristaux liquldes. 10. Projecteur solon l'une quelconque des
revendications pr6cedentes, caracterise en ce quo les moyens op- tiques
comprennent un diaphragms (323) place de maniere A empecher la projection
de la lumiere trans- mise par lea moyens A cristaux liquldes. 11.
Projecteur selon la revendicatlon 10, comprenant un bottler (301),
caract6ris6 en co quo le diaphragms 40      est place dana une ouverture
(331) A l'intdeeurdu boltler, la lumlire etant proJet6e a travers cotte
ouver- ture, lea moyons optiques etant disposes pour focaliser la lumiere
transmise par les moyens A cristaux liquldes sans dispersion sur le
diaphragmo et pourtransmettre la lumiere dispers6e A travers l'ouverture.
12. Projecteur solon l'une quelconque des revendications 1 A 9, comprenant
un botlier, caracteris6 en ce qu'A 45      I'interieurdu bottler estform6e
une ouverture disposee de maniere A permettre la projection de la lumiere
transmise sans dispersion. 13. Projectour solon l'une queloconque des
revendications 1 A 9, caracteris6 en ce quo lea moyens optiques comprennent
une lentille de Fresnol (355, 378) place6 A proximith des moyens A cristaux
liquides. 50 14. Projecteur solon la revendication 13, compronant un
boltier, caracterisa en oe qu'A l'intefiour du boltier eat form6e une
ouverture plac6e de maniere A permettre la projection de la lumiere
transmise sans dis- persion, et caractirise en outre en co quo la lentille
de Fresnel eat disposee de maniere a orienter la lu- miere arrivant d'une
source lumineuse (319) sur les moyens A cristaux liquides pour focaliser la
lumiere c5      transmise A travers les moyens A cristaux liquides
approximativement sur l'ouverture. 15 Projectsur solon l une quelconque des
revendications precedentbs, caracterise en ce quo les moyens op- tiques
comprennent un collimateur (32) place pour transmettre la lumiere
coilimates vers les moyens A 26 C 1111111111111111    EP0179903B1 cristaux
liquides. 16. Projecteur solon l une quelconque des revendications
precedentes, caracterise en co quo le materiau des cristaux liquides
comprend des moyens additifs (134) qui ramenent Io mateuiau des cristaux
liquides dans 5       PIalignement afin quo lee moyens a cristaux liquides
absorbent etlou dispersent la lumiero au moment de la suppression du champ
dlectrique pr6d6tormin6e. 17. Projecteur solon l'uns quelconque des
revendications pr6c6dentes, caract6efs6 en ce quo les moyens a cristaux
liquides comprennent des moyens de r6action avoc les parols du milieu
conteneur pour soiliciter 10      le materiau des cristaux liquides en lul
falsant adopter un alignement sensiblement perpendiculaire aux parols. 18.
ProJecteursdlon l'une qulconque des revendicatlons precedentes, comprenant
un support (12) pour les moyens A cristaux liquides, caract6ris6 en co quo
le support possede sensiblement une transparence op- 15      tique. 19.
Projecteur solon la revendication 18, caract6rise en ce qu'au molns un
parmi le support, le milieu conte- 



neur ou lea cristaux liquides comprend un pigment non-pl6ochrolque (401).
20. Projecteur salon rune quelconque des revendications prec6dentes,
caracterse en ce quo les moyens A 20      cristaux liquides comprennent un
pigment pl6ochrolque (401). 21. Projecteur selon la revendication 20,
caract6rise en ce quo le pigment pldochrolque s'aligne quand un champ
6lectrique eat appiiqu6 pour modifier les caracteristiques d'absorption des
moyens A cristaux li- quides. 25 22. Projecteur solon les revendlcations 19
et 20 et en option la revendication 21, caracterise en ce quo le support
et/ou les moyens A cristaux liquides sont subdivis6s en une pluralite de
regbons (401R, 401G, 401 B), lesdites regbons comprenant chacune un pigment
d'une couleur qui lul est propre. 30  23. Projecteur solon la revendication
22, caracterleh en ce qu'il comprend des moyens 6lectriques de commands
(308) pour appliquer un champ electrique A des zones selectionnees des
moyens a cristaux liquides afin de cr6er des zones de differentes couleurs
pour la projection par les moyens optiques. 24. Projecteur solon rune
quelconque des revendications precidentes, caractirls6 en co quo les moyens
a 35      cristaux liquides ont ia forme d'une fuille. 25. Projecteurselon
rune quelconque des revendications pr6c6dentes, caract6rise en ce que les
moyens op- tiques comprennent des moyens de coloration (451) sur le trajet
optique pour colorer la lumiere projet6e. 26. Projecteur solon la
revendication 25, caract6ris6 en ce que les moyens de coloration
comprennent des 40      filtres de couleur (452R, 452G, 452B) susceptibles
de fonctionner en r6ponse A des moyens de comman- de des filtres de couleur
(308) pour transmettre ou diffuser la lumibre qu'l regoit, afin de
permettre ainsi de colorer la sortie du projecteur. 27. Projecteur solon la
revendicatlon 25 ou 28, caracteris6 en ce quo lesdits moyens de coloration
compren- 45      nent des volumes du materiau des cristaux liquides dans un
milieu contbneur, au moins un parmi le ma- t6erau des cristaux liquides et
le milieu conteneur 6tant colore par un pigment non pl6ochroque pour co-
lorer la lumiere qui le traverse. 28. Projecteur selon rune quelconque des
revendications 25 A 27, caracterise en ce que les moyens de co- so
loration peuvent fonctionner en reponse A un champ definl pour transmettre
la lumiere coloree sensible- ment sans dispersion pour la projection ou en
l'absence de ce champ defini pour disperser la lumiore et eviter qu'elle
soit projet6e. 29. Projecteur selon la revendication 1, caracterls6 en
outre en ce qu'll comprend des moyens reflecteurs 55      d'un cot6 des
moyens A cristaux liquides pourr6fl6chirla lumiere transmise A travers les
moyons A cristaux liquides en retour vers les moyens A cristaux liquides.
27    


