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3,499,702 and 3,551,028. An important characteristic of liquid crystal
mate- The present invention relates generally to devic-  rial Is
anisotropy. Anisotropic material has different es incorporating liquid
crystals and, more particular-  physical properties in different
directions. For exam- ly, to devices incorporating liquid crystal material
and    5   ple, liquid crystals may be optically anisotropic such
containment means therefor Moreover, the invention   that when the
molecules are randomly oriented they relates to devices using encapsulated
liquid crystals  permit light transmission and, when they are aligned and
to methods of making encapsulated liquid crys-    due to application of an
electricfield thereacross, light tals.
may be transmitted through the liquid crystal materi- Liquid crystals
currently are used in a wide vari-   10   al. ety of devices, including
optical devices such as vis-   Liquid crystal material also has electrical
aniso- ual displays. Such devices usually require relatively  tropy. For
example, the dielectric constant for nemat- low power and have satisfactory
response time, pro-  ic liquid crystal material may be one value when the
vide reasonable contrast, and are relatively econom-  liquid crystal
molecules are parallel to the electric Ical. The property of liquid
crystals enabling use, for  15  field and may have a different value when
the liquid example, invisual displays, is theabilityof liquid crys-
crystal molecules are aligned perpendicular to an tals to transmit light on
one hand, and to scatter light  electric field. Since such dielectric value
is a function and/orto absorb light, on the other, in dependence on  of
alignment, for example, reference to the same as whether the liquid
crystals are in a relatively free, i.e.  a "dielectric coefficient" may be
more apt than the deenergized or field off state or in a strictly aligned,
20   usual "dielectric constant" label. Similar properties i.e. an
energized or field on state, e.g. with an electric  are true for other
types of liquid crystals. field applied across the liquid crystal material.
An ex-  Some brief discussion of encapsulation of choles- ample of
electrically responsive liquid crystal material  teric liquid crystal
material is presented in U.S. Pa- and use thereof is provided in U.S.
Patent 3,322,485.  tents 3,720,623, 3,341,466 and 2,800,457, the latter
Certain liquid crystal material is responsive to  25  two Patents being
referred to in the former Patent. temperature, changing optical
characteristics in re-     In the past devices using liquid crystals, such
as sponse to temperature of the liquid crystal material.  visual display
devices or other devices, have been of The invention of the present
application is dis-  relatively small size. Large size devices using liquid
closed hereinafter particularly, but not exclusively,  crystals, such as,
for example, a billboard display or with reference to use of liquid crystal
material that is  30   a sign have not been able to be made satisfactorily
for particularly responsive to electric field.            a number of
reasons. One reason is the fluidity of the Currently there are three
categories of liquid    liquid crystals, (the liquid crystal material may
tend to crystal materials, namely cholesteric, nematic and    flow creating
areas of the display that have different smectic types. The invention of
the present applica-  thicknesses). As a result the optical characteristics
of tion relates in a preferred embodiment described be-  35  the display
may lack uniformity, have varying con- low to use of nematic liquid crystal
material or to a  trast characteristics at different portions of the dis-
combination of nematic and some cholesteric type.     play, etc.; the
thickness variations cause variations or However, various principles of the
Invention may be   gradations in optical properties of the liquid crystal
employed with various one or ones of the known        device. Moreover, the
varying thickness of the liquid types of liquid crystal material or
combinations there-   40   crystal material will cause corresponding
variations in of. The various characteristics of the cholesteric, ne-  the
electrical properties of the liquid crystal material, matic and smectic
types of liquid crystal material are  such as capacitance and impedance,
further reduc- described in the prior art. One known characteristic of  Ing
uniformity of a large size liquid crystal device. The liquid crystal
material is that of reversibility; in partic-  varying electrical
properties of the liquid crystal ma- ular it is noted here that nematic
liquid crystal material  45  terial, then, also may cause a corresponding
variation Is known to be reversible, but cholosteric material is  in the
effective electric field applied across the liquid not reversible.
crystal material and/or in response to a constanteleo- To enhance contrast
and possibly other proper-    tric field would respond differently at areas
of the liq- ties of liquid crystal material, pleochroic dyes have  uid
crystal that are of different thicknesses. been mixed with the liquid
crystal material to form a   50  A pleochroic display, i.e. one in which
pleocroic solution therewith. The molecules of pleochrolc mate-  dye and
liquid crystal material are in solution, has the rial generally align with
the molecules of the liquid  advantage of not requiring a polarizer.
However, such crystal material. Therefore, such pleochrolc dyes will  a
pleochroic device has a disadvantage of relatively tend to function
optically in a manner similar to that  low contrast when used directly in
the nematic form. of the liquid crystal material in response to a changing
55  It was discovered In the past, though, that a choles- parameter, such
as application or non-application of  teric liquid crystal material could
be added to the ne- an electric field. Examples of pleochroic dyeswith liq-
matic one together with the dye to improve the con- uid crystal material
are described in U.S. Patents   trast ratio. See White et al article,
Journal of Applied 2        This is the replacement sheet Date:22/04/96   
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No. 11, November 1974, at pa-   uld crystal or encapsulated liquid crystal
material ges 4718-4723, for example. The cholesteric material  means a
quantityof liquid crystal material confined or would tend not to return to
its original zero field form  contained in the encapsulating medium, such
as the when the electric field is removed.                 noted capsules.
A liquid crystal device is a device Another problem encountered with
pleochroic   5   formed of liquid crystal material, in the present inven-
dye included insolutionwith liquid crystal material, re-  tion such devices
are formed of encapsulated liquid gardless of the particular type of liquid
crystal mate-  crystals capable of providing a function of the type rial,
is that the absorbtion of the dye Is not zero in the  typically inuring to
liquid crystal material; for example, field-on condition; rather such
absorbtion in the field-  such a liquid crystal device may be a visual
display on condition follows a so-called ordering parameter,  10  that in
response to application and removal of an elec- which relates to or is a
function of the relative align-  trio field effects a selected attenuation
of visible light. ment of the dyes. The optical transmission character-
One method of making encapsulated liquid crys- istic of liquid crystal
material is an exponential func-  tals includes mixing together liquid
crystal material tion of thickness of the liquid crystal material; specif-
and an encapsulating medium in which the liquid Ically, the on state or
field-on or energized state of the   15  crystal material will not dissolve
and permitting for- liquid crystal material is an exponential function of
mation of discrete capsules containing the liquid crys- thickness of the
liquid crystal material, and the ab-  tal material. sorbing state or off
state also is a different exponen-  A method of making a liquid crystal
device includ- tial function of thickness.                         ing such
encapsulated liquid crystal includes, for ex- To overcome those problems
described in the   20  ample applying such encapsulated liquid crystal ma-
two immediately preceding paragraphs, the liquid     terial to a substrate.
Moreover, such a method may in- crystal material should have an optimum
uniform     clude providing means for applying an electricfield to
thickness. (As used herein liquid crystal material  the liquid crystal
material to affect a property thereof. means the liquid crystals themselves
and, depending     According to one embodiment of the invention a on
context, a pleochroic dye in solution therewith.)  25   nematic material
with positive dielectric anisotropy in Therealsoshould
beanoptimumspacingoftheelec-        which may be dissolved a pleochroic dye
is placed in trodes by which the electric field is applied to the liq-  a
generally spherical capsule. The capsule wall dis- uid crystal material. To
maintain such optimum thick-  torts the liquid crystal molecules so they
and the dye ness and spacing, rather close tolerances must be   when no
field is applied will tend to absorb all direc- maintained. To maintain
close tolerances, there is a   30  tions of polarized light. When a
suitable electric field limit as to the sizeof the device using such liquid
crys-  is applied across such a capsule, for example across tals, for it is
quite difficult to maintain close tolerances  an axis thereof, the liquid
crystal material will tend to over large surface areas, for example.
align parallel to such field causing the absorbtion In accordance with one
aspect of the invention   characteristics of such material to be reduced to
one there is provided a liquid crystal device according to  35   assumed
when the liquid crystal material is in planar Claim 1.
configuration. To help assure that adequate electric In a second aspect,
the invention provides two   field is applied across the liquid crystal
material in the method of making encapsulated liquid crystal materi-
capsule, and not just across or through the encapsu- al according to Claims
23 and 24.                   iating medium, and, in fact, with a minimum
voltage In a third aspect, the invention provides optical  40   drop across
the wall thickness of the respective cap- apparatus according to Claim 21.
sules, the encapsulating material may have a dielec- Various preferred
features and embodiments of    tric constant near to that of the liquid
crystal material, the invention are described below.                  on
the one hand, and a relatively large impedance, on Briefly, embodiments of
the invention are partic-  the other hand, and the liquid crystal material
itself ularly concerned with liquid crystal material and es-  45   may have
a positive dielectric anisotropy. pecially nematic material, which Is
encapsulated and    Contrast of a liquid crystal device employing en- used
in liquid crystal devices, such as relatively large  capsulated liquid
crystals may be improved by select- size display devices.
ing an encapsulating medium that has an index of re- Some terms used herein
generally are defined as  fraction that is matched to the ordinary index of
re- follows: liquid crystal material broadly refers to any   50  fraction
of the liquid crystal material. The encapsulat- type of liquid crystal
material that will work in the con-  ing medium may be used not only to
encapsulate liq- text of the present invention, but preferably refers to
uld crystal material but also to adhere the capsules to nematic type. Such
liquid crystal material also may in-  a substrate for support thereon.
Alternatively, a fur- clude pleochroic dye orother ingredient. A capsule
re-  ther binding medium may be used to hold the liquid fers to a
containment device or medium that confines  55   crystal capsules relative
to a substrate. In the latter a quantity of liquid crystal material, and
encapsulat-  case, though, preferably the additional binding me- ing medium
or material is that medium or material of  dium has an index of refraction
which is matched to which such capsules are formed. An encapsulated liq-
that of the encapsulating medium for maintaining the 3                This
is the replacement sheet Date:  
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characteristic described above.     efficient and high quality functioning
of the liquid A feature of the spherical or otherwise curved    crystal
material in response to excitation or non-exci- capsule which confines the
liquid crystal material   tation by an external source; and that the
interaction therein in accordance with embodiments of the pres-   of the
encapsulating medium with the liquid crystal ant invention is that the
liquid crystal material tends   5   material distorts the latter in a
prescribed manner to follow the curvature or otherwise to align generally
changing an operational mode of liquid crystal mate- parallel with the
curved surfaces of such capsule. Ac-  rial. Regarding the latter, by
forcing the liquid crystal cordingly, the individual liquid crystal
molecules tend  molecules to distort into generally parallel or conform- to
be forced or distorted to a specific form, being fold-  ing algnmentwith
the capsulewall, the liquid crystals ed back on themselves in a sense as
they follow the   10   will absorb or block, rather than transmit light
when capsule wall, so that the resulting optical characteris-  not subject
to an electric field and will be functional tic of a given capsule
containing liquid crystal material  with respect to all manners of incident
light regardless is such thatsubstantially all light delivered thereto will
of the direction of polarization of such incident light. be absorbed when
no electric field is applied, regard-    Thus, we have found it possible,
in accordance less of the polarization direction of the incident light.  15
with various embodiments of the Invention, to enable Even without dye this
effect causes scattering and    the use of liquid crystal material over
relatively large thus opacity.
surfaces, and especially to effect the same while Another feature is the
ability to control the effe-  maintaining relatively high quality of
operation, con- tive thickness of the liquid crystal material contained
trailed uniformity of output and satisfactory contrast; in a capsule by
controlling the internal diameter of  20   to confine liquid crystal
material while main- such capsule. Such diametercontrol may be effected
taining optical characteristics of such material, and by a separation
process during the method of making   especially to effect the same also
maintaining electri- the encapsulated liquid crystals using anyoneofava-
cal responsiveness of the liquid crystal material; riety of conventional or
novel sorting techniques as       to encapsulate nematic liquid crystal
material well as by controlling the mixing process, the quanti-  25  in a
non-Interacting medium; ties of ingredients, and/or the nature of the
ingre-       to achieve a useful encapsulation of nematic dients provided
during mixing. By controlling such    liquid crystal material; thickness
parameter to relatively close tolerances,        to utilize both physical
e.g. alignment, and opt- then, the subsequent tolerance requirements when
ical, e.g. index of refraction, characteristics of mate- the final liquid
crystal device is made using the encap-  30  rial of the liquid crystal
type; sulated liquid crystals will not be as critical as was re-  utilize
resin material for encapsulating liquid quired in the past.
crystal material, and especially to effect the same to Moreover, a further
and very significant feature  form curved and most preferably spherical
capsules of the present invention is thatthere appears to be no  containing
discrete quantities of liquid crystal materi- limitation on the size of a
high quality liquid crystal de-  35  al; vice that can be made using the
encapsulated liquid        to eliminate restrictions on size of displays or
crystals in accordance with the present invention.    other devices of the
liquid crystal type, especially More specifically, by providing confinement
for dis-  while achieving high quality operation, satisfactory crate
quantities of liquid crystal material, for example,  contrast, wide viewing
angle and adequate response in the described capsules, the various problems
en-   40  time; countered in the past that prevented use of liquid
to force a liquid crystal material to its zero field crystal material in
large size devices are overcome,  form, particularly when such material
includes a com- for each individual capsule in effect can still operate
bination of liquid crystal material and pleochroic dye as an independent
liquid crystal device. Moreover,    material and even when the liquid
crystal material in- each capsule, then, preferably has physical proper-
45   dudes more than one type of liquid crystal material; ties enabling
itto be mounted in virtually any environ-    to enable use of nematic
liquid crystal material ment including one containing a plurality of
further  with pleochroic dye in solution therewith while obtain- such
liquid crystal capsules mounted to a substrate or  ing an effect of having
cholesteric material added otherwise supported for use in response to
applica-  thereto even without the latter, and more specifically, tion and
removal of some type of excitation source,  50  to enable liquid crystal
material that contains pleo- such as, for example, an electric field or the
like.  chroic dye to absorb light in all directions and to min- lmportant
considerations in accordance with the  imize partial light transmission
when in field off con- invention, and the discovery of the inventor, are
that  ditions, i.e. when no electric field is applied to the liq- an
encapsulating medium having electrical properties  uid crystal material;
matched in a prescribed way to the electrical proper-  55  to distort the
internal structure of liquid crystal ties of liquid crystal material
encapsulated thereby  material to achieve enhanced optical properties; and
additionally preferably optically matched to opti-     to achieve
controlled light distortion and espe- cal properties of such liquid crystal
material permits  ciaily such controlled distortion of light entering
liquid This is the replacement sheet Date     22/04/96 



7                    EP0088126B2                      8 crystal material
that is contoured in an encapsulating   play device In accordance with the
present inven- medium;
tion; to provide a uniform area over which a con-         Fig. 4 is en
enlarged fragmentary view, partly stant and uniform electric field may be
delivered to     broken away, of a portion of the liquid crystal dis-
discrete quantities of liquid crystal material and espe-   5  play device
of Fig. 3; cilly when such material is contained In discrete cap-   Fig. 5
is an enlarged schematic illustration of a sules;
liquid crystal capsule in accordance with the to control the size of the
electric field required  present invention under a no field condition; to
operate the liquid crystal device;                    Fig. 6 is a view
similar to Fig. 5 under an applied to improve the uniformity of turn on or
opera-  10  electric field condition; and tion of a liquid crystal device,
and especially to facil-  Fig. 7 is a schematic electric circuit diagram
rep- itate the control of such turn on or operation;          resentation
of the capsule with an applied field. to control the uniformity of the size
and/or        Referring now in detail to the drawings, wherein other
dimensional characteristics of liquid crystal  like reference numerals
designate like parts in the capsules;
is  several Figures, and initially to Fig. 1, a prior art liquid to
encapsulate liquid crystal material in a resin  crystal device is generally
indicated at 1. Such device or other material and most preferably to effect
such  1 includes liquid crystal material 2 sandwiched be- encapsulation
while forming discrete capsules con-   tween electrodes 3 of, for example,
indium doped ti- taining liquid crystal material;
tanium oxide that are deposited for support on re- to use a single medium
forencapsulating liquid  20  spective mounting or confining substrates 4,
such as crystal material in discrete capsules orthe like and for  glass,
plastic sheets orthe like. The sheets 4 may be binding the capsules
togetherand/or to a supportsub-   clear as may be the electrodes 3 so that
the device 1 strate or the like;                                   is an
optical transmission control device, whereby in- to use an optically
anisotropic liquid crystal in  cident light may be scattered when no
electric field is a limited optically isotropic manner, e.g. by causing a
25   applied by the electrodes 3 across a liquid crystal ma- polarization
direction sensitive liquid crystal material  terial 2 and the incident
light may be transmitted to eliminate such sensitivity;
through the liquid crystal material 2 when an electric to impose elastic
energy on liquid crystal ma-  field is applied thereacross. Electric leads
5 and terial, and especially to effect the same to cause un-  switch 6
selectively couple voltage source 7 across usual properties in such liquid
crystal material;  30  the electrodes 3 to provide such electric field. The
to control the ease of alignment of liquid crys-  voltage source 7 may be
either an AC or a DC voltage tals;
source. to facilitate applying liquid crystal material to a  The liquid
crystal material 2, and specifically the substrate;
individual molecules thereof, in the device 1 are to facilitate interfacing
or applying of electro-   35  somewhat confined by the substrates 4 for
retention des with respect to liquid crystal type material;    in a desired
location, say for example, to be used to apply electrodes directly to
liquid crystal  overall as part of a digital display device. On the other
material;                                             hand, the liquid
crystal material 2, and specifically the to Improve a method for making
liquid crystal  individual molecules thereof, must have adequate devices,
especially by encapsulating the liquid crystal  40  freedom of movement so
that they may assume either materials;
a random orientation or distribution when no electric to control the
requirements of voltage or elec-  field Is applied or a prescribed
distributional or orien- tric field required to operate a liquid crystal
device;  tational alignment when an electric field is applied to stop
scattering or absorbtion by liquid crys-  across the electrodes 3. If
desired, one of the sub- tal material when an electric field is applied
thereto;   45   strates 4 may be reflective to reflect incident light re-
and                                                   ceived through the
liquid crystal material 2 back to control the amount of voltage drop that
oc-  through the latter for delivery through the other sub- curs across
liquid crystal material.                  strate 4 for subsequent use. The
various principles of The following description and the annexed draw-
operation and features and disadvantages of the liq- ings set forth in
detail certain non-limiting illustrative   50   uid crystal device 1 are
summarized above and are embodiments of the Invention.
described in the prior art literature. In the annexed drawings:
The liquid crystal material 2 may be of virtually Fig. 1 is a schematic
representation of a prior art  any type that is responsive to an electric
field applied liquid crystal device;                            thereacross
so as to have a desired operating char- Fig. 2 is a schematic
representation of a liquid  55   acteristic intended for the device 1; the
liquid crystal crystal device in accordance with the present in-  material
2 also may include, if desired, pleochroic dye vention;
material In solution therewith. Fig. 3 is an isometric view of a liquid
crystal dis-  Turning now to Fig. 2, an improved liquid crystal 5 
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088126 B2                  10 device in accordance with the present
invention is in-  crystals 11. Most preferably the encapsulating me-
dicated at 10. The device 10 includes an encapsulat-  dium of which the
capsule 22 is formed is also suitable ed liquid crystal 11 which is
supported from a mount-  for binding or otherwise adhering the capsule 22
to ing substrate 12 across which an electric field may be  the substrate
12. Alternatively, a further binding me- applied via electrodes 13, 14.
5   dium (not shown) may be used to adhere the encap- The electrode of 13
may be, forexample, a quan-  sulated liquid crystals 11 to the substrate
12. Since tity vacuum deposited indium doped titanium oxide  the capsules
22 are adhered to the substrate 12, and applied to the substrate 12, and
the electrode 14 may  since each capsule 22 provides the needed confine-
be, for example, electrically conductive ink. A protec-  ment for the
liquid crystal material 20, a second tive layeror coating 15 may be applied
over the elec-  10  mounting substrate, such as the additional one trode 14
for protective purposes but such layer 15 or-  shown in the prior art
liquid crystal device 1 of Fig. 1, dinarily would not be necessary
forsupporting orcon-  ordinarily should be unnecessary. However, for the
fining the encapsulated liquid crystal 11 or the elec-  purpose of
providing protection from scarring, elec- trode 14. Voltage may be applied
to the electrodes 13,  trochemical deterioration, e.g. oxidation, or the
like, 14 from an AC or DC voltage source 16, selectively  15  of the
electrode 14, the protective coating 15 may be closable switch 17, and
electrical leads 18, 19 in turn  provided on the side or surface of the
liquid crystal to apply an electric field across the encapsulated liq-
device 10 opposite the mounting substrate 12, the lat- uid crystal 11 when
the switch 17 is closed.        ter providing the desired physical
protection on its The encapsulated liquid crystal 11 includes liquid  own
side of the device 10. crystal material 20 contained within the confines or
in-  20  Since the encapsulated liquid crystals 11 are rel- teriorvolume 21
of acapsule 22. Accordingtothe pre-  atively securely adhered to the
substrate 12 and ferred embodiment and the best mode of the present  since
there ordinarily would be no need for an addi- invention, the capsule 22 is
generally spherical. How-  tional substrate, as was mentioned above, the
elec- ever, the principles of the invention would apply when  trode 14 may
be applied directly to the encapsulated the capsule 22 is of a shape other
than spherical;  25  liquid crystals 11. such shape should provide the
desired optical and     Turning now to Fig. 3, an example of a liquid crys-
electrical characteristics that will satisfactorily coexist  tal device 10'
in accordance with the Invention is with the optical characteristics of the
liquid crystal 20,  shown in the form of a liquid crystal display device,
e.g. Index of refraction, and will permit an adequate  which appears as a
square cornered figure eight 30 portion of the electric field to occur
across the liquid  30  on the substrate 12, which In this case preferably
Is crystal material 20 Itself for effecting desired align-  a plastic
material, such as Mylar, or may alternatively ment of the liquid crystal
molecules when it is desired  be another material, such as glass, for
example. The to have a field on condition. A particular advantage to
shaded area appearing in Fig. 3 to form the square the preferred spherical
configuration of the capsule  cornered figure eight is formed of plural
encapsulated 22 will be described below with respect to the distor-  35
liquid crystals 11 arranged in one or more layers on tion it effects on the
liquid crystal molecules.   and adhered to the substrate 12. The mounting
substrate 12 and the electrodes       An enlarged fragmentary section view
of a por- 13,14 as well as the protective coating 15 may be opt-  tion 32
of the figure eight 30 and substrate 12 is illu- ically transmissive so
that the liquid crystal device 10  strated in Fig. 4. As is seen in Fig. 4,
on the surface Is capable of controlling transmission of light there-  40
31 of the substrate 12, which may be approximately through in response to
whether or not an electric field  250 pm (10 mils) thick is deposited a 20
nm (200 ang- is applied across the electrodes 13, 14. and, thus,  strom)
thick electrode layer 33 of indium doped tita- across the encapsulated
liquid crystal 11. Alternative-  nium oxide. One or more layers 34 of
plural encapsu- ly, the mounting substrate 12 may be optically reflec-
lated liquid crystals 11 are applied and adhered di- tive or may have
thereon an optically reflective coat-  45  rectly to the electrode layer
33. Such adherence ac- ing so that reflection by such reflective coating of
In-  cording to the preferred embodiment and best mode cident light
received through the protective coating 15  is effected by the
encapsulating medium that forms will be a function of whether or not there
is an electric  respective capsules 22, although, If desired, as was field
applied across the encapsulated liquid crystal  mentioned above, an
additional adhering or binding 11.
50   material may be used for such adherence purposes. According to the
preferred embodiment and best  The thickness of the layer 34 may be for
example, ap- mode of the invention a plurality of encapsulated liq-
proximately25 pm (1 mil). Afurtherelectrode layer35 uid crystals 11 would
be applied to the mounting sub-  is deposited on the layer 34 either
directly to the ma- strate 12 in a manner such that the encapsulated liq-
terial of which the capsules 22 are formed or, atlerna- uid crystals adhere
to the mounting substrate 12 orto  55  tively, to the additional binding
material used to bind an interface material, such as the electrode 13, for
the individual encapsulated liquid crystals 11 to each support by the
mounting substrate 12 and retention In  other and to the mounting substrate
12. The elec- 



position fixed relative to the other encapsulated liquid  trode layer 35
may be, for example, approximately 13 This is the replacement sheet
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(112 mil) thick and may be formed, for example, of  any other liquid
crystal device employing encapsulat- electrically conductive ink. A
protective coating layer  ed liquid crystals in accordance with the present
in- 36 for the purposes described above with respect to  vention is nearly
unlimited. Of course, at those areas the coating 15 in Fig. 3 also may be
provided as is  where it is intended to effect a change in the optical
shown in Fig. 4.                                5   properties of the
encapsulated liquid crystals of such In a conventional visual display
device either of  a device in response to a no field orfield on condition,
the liquid crystal or light emitting diode type, the fig-  it would be
necessary to have there electrodes or urn eight element 30 ordinarily would
be divided into  othermeansforapplying to such liquid crystals asuit- seven
electrically isolated segments, each of which  able electric field. may be
selectively energized or not so asto create va-  10  The electrode layer 33
may be applied to the sub- rious numeral characters. For example,
energization  strate 12 by evaporation, by vacuum deposition, by of the
segments 30a and 30b would display the nu-   sputtering, by printing or by
any other technique that meral "1" and energization of the segments 30a,
30b,  may be desired. Moreover, the layer 34 of encapsu- 30c would display
the numeral "7".                  lated liquid crystals 11 may be applied,
for example, Afeature of the present invention utilizing the en-   15  by a
web or gravure roller or by reverse roller printing capsulated liquid
crystals 11 is that a versatile sub-  techniques. The electrode layer 35
also may be ap- strate 12 can be created to be capable of displaying  plied
by various printing, stenciling or other techni- virtually any desired
display as a function of only the  ques. If desired, the electrode layer 33
may be pre- selective segments of conductive ink electrodes     pared as a
full coating of the substrate 12, such as printed on the liquid crystal
material. In this case, the   20   Mylar, as was described above, as part
of the process entire surface 31 of the substrate 12 may be coated  in
which the Mylar sheet material is manufactured, with electrode material 33,
and even the entire sur-  and the layer 34 also may be applied as part of
such face of that electrode material may be coated sub-  manufacturing
process. stantially contiguously with layer 34 of encapsulated   The
ability to make and to use successfully liquid liquid crystals 11.
Thereafter, a prescribed pattern of  25  crystal devices of the type just
described using en- electrode segments of conductive ink 35 may be
capsulated liquid crystals is due to the ability to make printed where
desired on the layer 34. A single elec-  encapsulated liquid crystals and
to the properties of trical lead may attach the surface 31 to a voltage
such encapsulated liquid crystals, both of which are source, and respective
electrical leads may couple  features of the present invention. These
features now the respective conductive ink segments via respec-  30   will
be described with reference to Figs. 5, 6 and 7 in five controlled switches
to such voltage source. Alter-  particular. natively, the encapsulated
liquid crystals 11 and/or    Referring specifically to Fig. 5, the capsule
22 the electrode material 33 may be applied to the sur-  has a generally
smooth curved Interior wall surface face 31 only at those areas where
display segments  50 defining the boundary of the volume 21. The ac- are
desired.                                   35  tual dimensional parameters
of the wall surface 50 Although a detailed description of operation of  and
of the overall capsule 22 are related to the quan- the individual
encapsulated liquid crystals 11 will be  tity of liquid crystal material 20
contained therein and presented below, it will suffice here to note that
the  to the size of the individual liquid crystal molecules. encapsulated
liquid crystals in the layer 34 function  Additionally, the capsule 22
applies a force to the liq- to attenuate or not to attenuate light incident
thereon   40   uid crystals 20 tending to pressurize or at least to in
dependence on whether or not an electric field is  maintain substantially
constant the pressure within applied thereacross. Such an electricfield may
be, for  the volume 21. As a result of the foregoing, and due example, one
produced as a result of coupling of the  to the surface wetting nature of
the liquid crystal mol- electrode layer portions 33, 35 at an individual
seg-  ecules, such molecules, which ordinarily in free form ment, such as
segment 30a, of the liquid crystal de-  45   would tend to be straight,
although perhaps randomly vice 10' to an electrical voltage source. The
magni-  distributed, are distorted to curve In a direction that tude of the
electric field required to switch the encap-  generally is parallel to a
relatively proximate portion sulated liquid crystals 11 from a no field
(deenerg-  of the interior wall surface 50. Due to such distortion ized)
condition to a field on (energized) condition may  the liquid crystals
store elastic energy. For simplicity be a function of several parameters
including, for ex-  50   of illustration, and for facility of comprehending
the ample, the thickness of the layer 34, which in turn  foregoing concept,
a layer 51 of liquid crystal mole- may depend on the diameterof individual
capsules 22  cules represented by respective dashed lines 52 is and the
number of such capsules in the thickness di-  shown in closest proximity to
the interior wall surface rection of layer 34. Importantly, it will be
appreciated  50. The molecules 52 are distorted to curve in the di- that
since the liquid crystal material 20 is confined in  55  rection that is
parallel to a proximate area of the wall respective capsules 22 and since
the individual en-  surface 50. Other layers, such as layer 53, etc., of
liq- 



capsulated liquid crystals 11 are secured to the sub-  uld crystal
molecules 52 are shown in the capsule 22. strate 12, the size of the liquid
crystal device 10' or  The liquid crystal molecules are shown in such
layers, This is the replacement sheet Date:22/04/96    [err]    13
EP0088126B2                      14 although it will be appreciated that
the liquid crystal  mitted through the encapsulated liquid crystal 11, for
molecules may be oriented somewhat more randomly      example as described
above with reference to Figs. than in the ordered layers illustrated in
Fig. 5; how-  2, 3 and 4. ever, such molecules nevertheless will tend to
align     In the field off condition since the liquid crystal with some
degree of parallel relationship to the re-   5   molecules 52 are distorted
to curved form, they have spective proximate areas of the Interior wall
surface  a certain elastic energy. Such elastic energy causes 50.
the crystals to function doing things that otherwise In the preferred
embodiment and best mode of      were not possible when the liquid crystal
molecules the present invention the liquid crystal molecules 52  assume
their ordinary linear form. For example, the are of the nematic type. Such
molecules usually as-  10   discontinuity protrusion 55 would tend to cause
scat- sume a straight line thread-like configuration, and a  tering and
absorbtion within the capsule, and the tan- liquid crystal material
comprised of such nematic mol-  gential or parallel alignment of the liquid
crystal mol- ecules usually is optical polarization direction sensi-
ecules to respective portions of interior wall surface tive. However, since
the molecules 52 in the encap-   50 both cause scattering and absorption
within the sulated liquid crystal 11 are distorted or forced to   15
capsule 22. On the other hand, when the electric field curved form in the
full three dimensions of the cap-  is applied In the manner illustrated in
Fig. 6, not only sule 22, such nematic liquid crystal material in such  do
the liquid crystal molecules 52 align as shown, but capsule takes on an
Improved characteristic of being  also the discontinuity 55 tends to align
in parallel with insensitive to the direction of optical polarization of
the electric field. Accordingly, such discontinuity will light incident
thereon. The inventor has discovered,   20   have a minimum effect on
optical transmission when moreover, that when the liquid crystal material
20 in  the encapsulated liquid crystal 11 Is in a field on con- the capsule
22 has pleochroic dye dissolved therein,  dition. such dye, which
ordinarily also would be expected to     To optimize contrast
characteristics of a liquid have optical polarization sensitivity, no
longer is po-  crystal device, such as that shown at 10' in Fig. 3,
larization sensitive because the dye tends to follow   25   comprised of
encapsulated liquid crystals 11, and, the same kind of curvature
orientation or distortion as  more particularly, to avoid optical
distortion due to re- that of the individual liquid crystal molecules 52.
fraction of incident light passing from the encapsulat- It is noted here
that the liquid crystal material 20  ing medium Into the liquid crystal
material and vice in the capsule 22 has a discontinuity 55 in the gener-
versa of the encapsulated liquid crystal 11 of Fig. 6, ally spherical
orientation thereof. Such discontinuity  30  the index of refraction of the
encapsulating medium is caused by the incapability of the liquid crystal to
and thatof the ordinary index of refraction of the liquid align uniformly
in a manner compatible with parallel  crystal material should be matched to
be as much as alignment with the wall 54 and a requirement for mini-
possible the same. mum elastic energy. The liquid crystal molecules 52,
However, when no field is applied there will be a though, will tend to
follow around the discontinuity in  35   difference in indices of
refraction at the boundary of the manner shown in planar form in Fig. 5,
but in re-  the liquid crystal and capsule wall due to the extraor- ality
In three dimensions, following a pattern along  dinary Index of refraction
of the liquid crystal being the three dimensional generally cylindrical
internal  greater than the encapsulating medium. This causes boundary wall
surface 50a of the protruding discon-   refraction at that interface or
boundary and thus fur- tlnuity 55. Such discontinuity further distorts the
liq-  40  ther scattering and is a reason why the invention of uid crystal
molecules which further decreases the     encapsulated nematic liquid
crystal material, in par- possibility that the liquid crystal material 20
would be  ticular, will function to prevent transmission of light sensitive
to optical polarization direction of incident  even without the use of
pleochroic dye. light.
Ordinarily the encapsulated liquid crystals 11 With the individual liquid
crystal molecules 52 be-  45   would be applied tothe substrate 12 (Fig. 3)
such that ing distorted to fold in on themselves generally in the  the
individual encapsulated liquid crystals 11 are rel- manner illustrated in
Fig. 5, the encapsulated liquid  atively randomly oriented and preferably
several cap- crystal 11 ordinarily will absorb or block light from be-
sules thick to assure an adequate quantity of liquid ing transmitted
therethrough when no electric field is  crystal material on the surface 31
of the substrate to applied across the encapsulated liquid crystal 11 and
50   provide the desired level of light blockage andlor particularly across
the liquid crystal material 20 there-  transmission characteristics for,
for example, a liquid 



of.                                                   crystal device 10' or
the like. However, when an electric field is applied across    In a liquid
crystal device, such as that shown in the encapsulated liquid crystal 11 In
the manner illu-  10' in Fig. 3, which is comprised of liquid crystal ma-
strated In Fig. 6, the liquid crystal molecules 52 and   55  terial 20
Including pleochroic dye to form encapsulat- any pleochroic dye in solution
therewith will align in  ed liquid crystals 11 according to the invention,
it has response to the electric field In the manner shown in  been
discovered that the degree of optical absorben- such Figure. Such alignment
permits light to be trans-  cy is at least about the same as that of
relatively free 8        This is the replacement sheet Date: 22/04/96    15
EP 0 088126 B2                    16 (unencapsulated) liquid crystal
material, including   pacitance for each capacitor 70-72 will be a function
pleochroic dye such as that shown in Fig. 1. It also has  of the dielectric
constant (coefficient) of the material been discovered unexpectedly that
when the electric   of which the respective capacitors are formed and of
field is applied in the manner illustrated in Fig. 6, for  the spacing of
the effective plates thereof. It is desir- example, the clarity or lack of
opaqueness of the en-   5   able that the capacitors 71, 72 be larger in
magnitude capsulated liquid crystal material 20 including pleo-  than the
capacitor 70 so that the voltage drop occur- chroic dye is at least
aboutthe same as thatof the or-  ring across the respective capacitors 71,
72 will be dinary case in the prior art device 1 having dye in sol-  less
than the voltage drop across the capacitor70; the ution with the relatively
free liquid crystal material.  result, then, is application of a maximum
portion of It is important that electrical field E shown in Fig.  10  the
electric field E across the liquid crystal material 6 is applied to the
liquid crystal material 20 In the cap-  20 in the encapsulated liquid
crystal 11 for achieving sule 22 for the most part rather than being
dissipated  optimized operation, i.e. alignment, of the liquid crys-
ordropped substantially in the encapsulating material  tal molecules
thereof with a minimum total energy re- of which the capsule itself is
formed. In other words,  quirement of the voltage source 16. it is
important that there not be a substantial voltage   15  In connection with
capacitor 71, for example, the drop across or through the material of which
the wall  dielectric material is that of which the wall 54 Is 54 of the
capsule 22 is formed; rather, the voltage   formed relatively near the
upper portion of the cap- drop should occur across the liquid crystal
material 20  sule 22. The effective plates of such capacitor 71 are within
the volume 21 of the capsule 22.               the exterior and Interior
wall surfaces 73, 51, and the The electrical impedance of the encapsulating
20  same is true for the capacitor 72 at the lower portion medium
preferably should be larger than that of the   of the capsule 22 relative
to the illustration of Fig. 6, liquid crystal material in the encapsulated
liquid crys-  for example. By making the wall 54 as thin as possi- tal 11
(Fig. 6) and also should be large enough that a  ble, while still providing
adequate strength for con- shortcircuit will notoccurexclusively through
the wall  tainment of the liquid crystal material 20 in thevolume 54
bypassing the liquid crystal material. Therefore, for  25   21, the
magnitudes of capacitors 71, 72 can be maxi- example, the impedance to
currentflowthrough orvia    mized, this especially in comparison to the
rather the wall 54, say from point Ato point B, would be rath-  thick or
lengthy distance between the upper portion er substantial as opposed to the
impedance that       74 of the liquid crystal material 20 of the lower
portion would be encountered in a current path directly from  75 thereof
which approximately or equivalently form point A to point A' inside the
interior wall surface 50,  30  the plates of the same number of the
capacitor 70. directly through the liquid crystal material 20 to point  The
liquid crystal material 20will have a dielectric B' still within the volume
21, ultimately to point B  constant value that is anisotropic. It is
preferable that again.                                                the
dielectric constant (coefficient) of the wall 54 be The dielectric
constants (coefficients) of the ma-  no lower than the lower dielectric
constant (coeffi- terial of which the encapsulating medium is formed    35
cient) of the anisotropic liquid crystal material 20 to and of which the
liquid crystal material is comprised  help meet the above conditions. and
the effective capacitance values of the capsule      The encapsulated
liquid crystal 11 has features wall 54 particularly in a radial direction
and of the liq-  that since the liquid crystal molecules 52 are distorted
uid crystal material across which the electric field E  and since the
pleochrolcdye similarly is distorted, ab- is imposed all should be so
related that the wall 54 of  40   sorbency or blockage of light
transmission through the capsule 22 does not substantially drop the mag-
the encapsulated liquid crystals will be highly effec- nitude of the
applied electric field E.              tive when no electric field E is
applied thereacross. Aschematic electric circuit diagram representing  On
the other hand, due both to the efficient applica- the circuit across which
the electric field E of Fig. 6 is  tion of electric field across the liquid
crystal material imposed Is illustrated in Fig. 7. The electric field is
de-  45   20 in the encapsulated liquid crystals 11 to align the rived from
the voltage source 16 when the switch 17   liquid crystal molecules and the
dye along therewith is closed. A capacitor 70 represents the capacitance
as well as the above described preferred index of re- of the liquid crystal
material 20 in the encapsulated  fraction matching, i.e. of the
encapsulating medium liquid crystal 11 when such electric field is applied
in  and of the liquid crystal material, so that incident light the manner
illustrated in Fig. 6. The capacitor 71 rep-   50   will not be refracted
or bent at the interface between 



resents the capacitance of the capsule 22 wall 54 at  the capsule wall 54
and the liquid crystal material 20, an upper area (the direction
conveniently referring to  when an electric field is applied the
encapsulated liq- the drawing but having no other particular intentional
uid crystal 11 will have a good optically transmissive meaning) and is,
accordingly, curved in a manner      characteristic. similar to that of the
upper portion of the capsule 22   55  Since a plurality of encapsulated
liquid crystals of Figs. 5 and 6.The capacitor72 similarly represents  11
ordinarily isrequiredtoconstructafinal liquid crys- the capacitance of the
lower portion of the capsule ex-  tal device, such as the device 10' of
Fig. 3, and since posed to the electric field E. The magnitudes of ca-
those encapsulated liquid crystals are in several lay- This is the
replacement sheet Date:      22/04/96    17                  EP 0 088126 B2
18 ers, it is desirable to have a relatively high dielectric  cients) and
indices of refraction with respectto the liq- anisotropy In order to reduce
the voltage require-  uid crystal material and to the encapsulating medium
ments for the electric field E. More specifically, the  also constrain
material selection. Moreover, when differential between the dielectric
constant (coeffi-  pleochroic dye is employed, the encapsulating me- cient)
for the liquid crystal material 20 when no elec-   5   dium also should be
totally unaffected by and should tricfield isapplied which
constant(coefficient)should  notaffect the dye material. On the other hand,
the dye be rather small, and the dielectric constant (coeffi-  should be
oil soluble and not subject to absorption by dent) for the liquid crystal
material when it is aligned  the water phase (see below) or polymer phase
of the upon application of an electric field, which constant  encapsulating
medium. Additionally, to achieve the (coefficient) should be relatively
large, should be as   10  desired relatively high impedance for the
encapsulat- large as possible.                                 ing medium,
such medium should have a relatively The capsules 22 may be of various
sizes. The    high level of purity. smaller the capsule size, though, the
higher the re-   An example of a pleochroic dye that may be used quirements
will be for the electric field to effect align-  in the encapsulated liquid
crystals 11 in accordance ment of the liquid crystal molecules in the
capsule.  15  with the present invention are indophenol blue, Sudan Also,
when the capsule size is relatively small, more  black B, Sudan 3 and Sudan
2. capsules are required per unit area of the layer 34,   Various resins
and/or polymers may be used as and, therefore, more electric voltage drop
losses will  the encapsulating medium. However, an encapsulat- occur in the
encapsulating medium than for larger  ing medium according to the preferred
embodiment size capsules, the density per unit area of which   20  and best
mode of the present invention is polyvinyl al- would be smaller. According
to the preferred embodi-  cohol (PVA), which has been found to have the de-
ment and best mode of the present invention, though,  sired properties
mentioned above, especially in rela- a device made with the encapsulated
liquid crystals  tion to the above described preferred liquid crystal 11,
such as the liquid crystal device 10', should use  and pleochroic dye
material. Specifically, PVA has a capsules of uniform size parameters so
that the de-  25  good, relatively high, dielectric constant and has an
vice 10' can be energized ordeenergized in a relative-  index of refraction
that is relatively closely matched to ly uniform and well controlled
manner. In contrast,  that of the preferred liquid crystal material. when
the capsules are of a non-uniform size, the non-  To purify PVA, the same
may be dissolved in wa- uniform energization of the respective capsules,
i.e.  ter and washed out with alcohol using a precipitate alignment of the
liquid crystal molecules of each,  30  technique. Other techniques also may
be used for would occur upon application of the electric field. Or-
purifying PVA so that it will have minimum salt or dinarily the capsules 22
should have a size on the or-  other content that would reduce appreciably
the elec- der of from about 2 to about 25 microns in diameter.  trical
Impedance thereof. The preferred purified PVA As was noted above, the
larger the capsule size,  is SA72 sold by American Liquid Xtal Chemical
Corp. the smaller the electric field required to effect align-  35  If PVA
is properly cleaned or purified, as aforesaid, It ment of the liquid
crystal molecules therein. However,  will serve well as its own emulsifier
and as a wetting the larger the sphere, the longer the response time.
agent for facilitating the method of making encapsu- Regardless of the
capsule size and the particular  lated liquid crystals which will be
described below. field off arrangement of liquid crystal molecules with-
Other types of encapsulating medium may be, for ex- In the capsule 22, it
is important to know whatthefield  40  ample, gelatin, Carbopole, Gantrez,
the lattertwo be- off alignment would be and what would be the distort-
ing polyelectrolytes; and these media may be used ed alignmentwhen there is
afield on condition so that  alone or in combination with other polymers,
such as the encapsulated liquid crystals 11 may be used ef-  PVA. The
wetting ability of the PVA also assists in al- fectively.
lowing freedom of movement of the liquid crystal mol- In the preferred
embodiment and best mode of  45  ecules in the respective capsules 22
facilitating the the present Invention the liquid crystal material used
preferred parallel alignment especially at the interior in the encapsulated
liquid crystal 11 is of the nematic  wall surface 50 in the field off
condition and easy type.
changing to the aligned position of Fig. 6 when an Currently a most
preferred liquid crystal material  electric field is applied. 



is that as nematic material NM8250 sold by American   50  A method for
making encapsulated liquid crystals Liquid Xtal Chemical Corp., Kent, Ohio,
U.S.A. Others  11 may include mixing together the encapsulating may be
ester combinations, bipheny combinations    medium, the liquid crystal
material (including, if used, and the like.
the pleochroic dye material), and perhaps a carrier The encapsulating
medium forming respective     medium, such as water. Mixing may occur in a
variety capsules 22 should be of a type that is substantially  55   of
mixer devices, such as a blender, a colloid mill, completely unaffected by
and does not affect the liq-  which is most preferred, or the like. What
occurs dur- uid crystal material. The other characteristics descri-  ing
such mixing is the formation of an emulsion of the bed above concerning
dielectric constants (coeffi-  ingredients, which subsequently can be dried
elimin- 10      This is the replacement sheet Date: 22/04/96    19
EP 0 088 126 B2                 20 ating the carrier medium, such as water,
and satisfac-  two milliseconds on and about 4 milliseconds off. torily
curing the encapsulating medium. such as the    In accordance with the
present invention the PVA. Although the capsule 22 of each thusly made
quantities of ingredients for making the encapsulated encapsulated liquid
crystal 11 may not be a perfect  liquid crystals 11, for example in the
manner descri- sphere, each capsule will be substantially spherical in   5
bed above, may be as follows: configuration because a sphere is the lowest
free en-  The liquid crystal material-This material may be ergy state of
the individual droplets, globules or cap-  from about 5% to about 20% and
preferably about sules of the emulsion, both when originally formed  10%,
including the pleochroic dye, by volume of the and after drying and/or
curing has occurred.        total solution delivered to the mixing
apparatus, such It is noted here briefly that the characteristic of  10  as
the colloid mill. The actual amount of liquid crystal the pleochroic dye
that it must be oil soluble, provides  material used, though, ordinarily
should exceed the for solution thereof with the liquid crystal material and
volume quantity of encapsulating medium, e.g. PVA that It not be subject to
absorption by the water phase  to optimize the capsule size. or polymer
phase assures that such pleochroic dye      The PVA-The quantity of PVA in
the solution will not be absorbed by the PVA or other encapsulat-  15
should be on the order of from about 5% to about 20% ing medium or by the
carrier medium, such as the wa-  and preferably, as was described above,
about 7%, ter, used during the manufacturing process for the en-  this
depending, though, on the molecular weight of capsulated liquid crystals
11.                     the PVA. For example, if the PVA has too large a
mo- The following Example serves to further illustrate  lecularweight, the
resulting material will be like glass, the invention.
20  especially if too much PVA is used in the solution. On the other hand,
if the molecular weight is too low, Example
used of too little PVA will result in too low a viscosity of the material,
and the resulting emulsion will not A .45% Sudan black B pleochroic dye was
dis-    hold up well, nor will the droplets of the emulsion sol- solved in
a liquid crystal which was composed of ar-  25  Idify adequately to the
desired spherical encapsulat- omatic esters. Such combined material is
commer-    ed liquid crystals. cially sold under the designation 8250 by
American     Carrier medium-The remainder of the solution Liquid Xtal
Chemical Corp. of Kent, Ohio. Such mate-  would be water or other carrier
medium, as described rial was mixed with a solution of 7% PVA, which was
above, with which the emulsion can be made and the treated to remove all
salts. The solution also was   30   material laid down appropriately on a
substrate, elec- made with ASTM-100 water. The resulting mixture    trode
or the like. was put into a colloid mill whose conegap setting was  It will
be appreciated that since the uncured cap- 100 [err] (4 mils), and the
material was milled for four  sules or droplets of encapsulating medium and
liquid minutes to give a rather uniform particle suspension  crystal
material are carried in a liquid, various conven- size. The result was a
stable emulsion whose sus-  35  tional or other techniques may be employed
to grade pended particle size was approximately 3 [err] The   the capsules
according to size so that the capsules emulsion was cast on a Mylarf ilm
which was precoat-  can be reformed if of an undesirable size by feeding ed
with a 31 ohm per cm2 (200 ohm per square inch)  again through the mixing
apparatus, for example, and layer of tin oxide electrode purchased from
Sierracin.  so that the finally used capsules will be of a desired
Adoctorbladewasused to casttheemulsion material  40  uniformity for the
reasons expressed above. on the Mylar film on the electrode coated side.
Although the presently preferred invention oper- A 180 [err] (7 mil)
lay-down of the emulsion mate-  ates in response to application and removal
of an rial was placed on such electrode and was allowed to  electric field,
operation also may be effected by ap- dry to a total thickness of 20 [err]
(0.8 mil). A second  plication and removal of a magnetic field. layer of
such emulsion subsequently was laid on the   45  Our Divisional Application
No. 87116099.0 (pub- first with a resulting aggregate layer of liquid
crystal  lished as EP-A-0268877) describes and claims a liq- droplets in a
polyvinyl alcohol matrix having a thick-  uid crystal structure comprising
a liquid crystal mate- ness of 40 [err] (1.6 mil). Preferably, though, the
en-  rial and a medium for containing a multiplicity or dis- 



capsulated liquid crystals may be laid down in asingle  crete quantities of
such liquid crystal material, and layer one or plural capsules thick.
50  pleochroic dye In the liquid crystal material. The thusly formed liquid
crystal device, including the layer of Mylar, electrode and encapsulated
liquid crystals then was tested by applying an electric field,  Claims
whereupon the material changed from black to nearly clear-transparent. The
material exhibited a very wide  55   1. A liquid crystal device comprising
liquid crystal viewing angle, i.e. the angle at which light was trans-
material and containment means therefor for in- mitted, and the
contrastratio was 7:1 at 50 volts of ap-  ducing a distorted alignment of
said liquid crystal plied electric field. The switching speed was about
material, and which in the absence of a field input This is the replacement
sheet Date:22/04/96    19                  EP 0 088126 B2
20 ating the carrier medium, such as water, and satisfac-  two milliseconds
on and about 4 milliseconds off. torily curing the encapsulating medium,
such as the    In accordance with the present invention the PVA. Although
the capsule 22 of each thusly made   quantities of ingredients for making
the encapsulated encapsulated liquid crystal 11 may not be a perfect
liquid crystals 11, for example in the manner descri- sphere, each capsule
will be substantially spherical In   5   bed above, may be as follows:
configuration because a sphere is the lowest free en-  The liquid crystal
material-This material may be ergy state of the individual droplets,
globules or cap-  from about 5% to about 20% and preferably about sules of
the emulsion, both when originally formed  10%, including the pleochroic
dye, by volume of the and after drying and/or curing has occurred.
total solution delivered to the mixing apparatus, such It is noted here
briefly that the characteristic of  10  as the colloid mill. The actual
amount of liquid crystal the pleochroic dye that it must be oil soluble,
provides  material used, though, ordinarily should exceed the for solution
thereofwith the liquid crystal material and  volume quantity of
encapsulating medium, e.g. PVA that it not be subject to absorption by the
water phase  to optimize the capsule size. or polymer phase assures that
such pleochroic dye      The PVA-The quantity of PVA in the solution will
not be absorbed by the PVA or other encapsulat-  15  should be on the order
of from about 5% to about 20% ing medium or by the carrir medium, such as
the wa-  and preferably, as was described above, about 7%, ter, used during
the manufacturing process forthe en-  this depending, though, on the
molecular weight of capsulated liquid crystals 11.                     the
PVA. For example, if the PVA has too large a mo- The following Example
serves to further illustrate  lecularweight, the resulting material will be
like glass, the invention.                                20  especially if
too much PVA Is used in the solution. On the other hand, if the molecular
weight is too low, Example                                            used
of too little PVA will result in too low a viscosity of the material, and
the resulting emulsion will not A .45% Sudan black B pleochroic dye was
dis-    hold up well, nor will the droplets of the emulsion sol- solved in
a liquid crystal which was composed of ar-  25  idify adequately to the
desired spherical encapsulat- omatic esters. Such combined material is
commer-   ed liquid crystals. ciallyq sold under the designation 8250 by
American      Carrier medium-The remainder of the solution Liquid Xtal
Chemical Corp. of Kent, Ohio. Such mate-  would be water or other carrier
medium, as described rial was mixed with a solution of 7% PVA, which was
above, with which the emulsion can be made and the treated to remove all
salts. The solution also was  30   material laid down appropriately on a
substrate, elec- made with ASTM-100 water. The resulting mixture    trode
or the like. was put into a colloid mill whose conegap setting was  it will
be appreciated that since the uncured cap- 100 [err] (4 mils), and the
material was milled for four  sules or droplets of encapsulating medium and
liquid minutes to give a rather uniform particle suspension  crystal
material are carried in a liquid, various conven- size. The result was a
stable emulsion whose sus-  35  tional or other techniques may be employed
to grade pended particle size was approximately 3 [err]. The  the capsules
according to size so that the capsules emulsion was cast on a Mylarfilm
which was precoat-  can be reformed if of an undesirable size by feeding ed
with a 31 ohm per cm2 (200 ohm per square inch)  again through the mixing
apparatus, forexample, and layer of tin oxide electrode purchased from
Slerracin.  so that the finally used capsules will be of a desired A doctor
blade was used to cast the emulsion material  40  uniformity for the
reasons expressed above. on the Mylar film on the electrode coated side.
Although the presently preferred invention oper- A 180 [err] (7 mil)
lay-down of the emulsion mate-  ates in response to application and removal
of an rial was placed on such electrode and was allowed to  electric field,
operation also may be effected by ap- dry to a total thickness of 20 [err]
(0.8 mil). A second  plication and removal of a magnetic field. layer of
such emulsion subsequently was laid on the   45  Our Divisional Application
No. 87116099.0 (pub- first with a resulting aggregate layer of liquid
crystal  lished as EP-A-0268877) describes and claims a liq- droplets in a
polyvinyl alcohol matrix having a thick-  uid crystal structure comprising
a liquid crystal mate- 



ness of 40 [err] (1.6 mil). Preferably, though, the en-  rial and a medium
for containing a multiplicity or dis- capsulated liquid crystals may be
laid down in a single  crete quantities of such liquid crystal material,
and layer one or plural capsules thick.           50  pleochroic dye in the
liquid crystal material. The thusly formed liquid crystal device, including
the layer of Mylar, electrode and encapsulated liquid crystals then was
tested by applying an electric field,  Clalms whereupon the material
changed from black to nearly clear-transparent. The material exhibited a
very wide  55   1. A liquid crystal device comprising liquid crystal
viewing angle, i.e. the angle at which light was trans-  material and
containment means therefor for in- mitted, and the contrast ratio was 7:1
at 50 volts of ap-  ducing a distorted alignment of said liquid crystal
plied electric field. The switching speed was about   material, and which
In the absence of afield input 11 This is the replacement sheet
Date:22/04/96    21                  EP 0 088126 B2                  22 and
in response to such alignment scatters      10
Adeviceaccordingtoanyoneofclaims1-9which and/or absorbs light, the ordinary
index of refrac-  includes substrate means for supporting the tion of the
liquid crystal material and the index of  combination of liquid crystal
material and con- refraction of the containment means being sub-
tainment means. stantially identical so that in response to afield in-   5
put the amount of scattering and/or absorption is  11. A device according
to claim 10 which includes reduced, the containment means including there-
means for adhering the combination of liquid in a plurality of volumes of
liquid crystal material,  crystal material and containment means to the the
containment means having non-planar wall       substrate means. means that
tends to distort at least some of the   10 liquid crystal material.
12. A device according to any one of claims 1-11 wherein the input is an
electricfield ora magnetic 2. Adevice according to claim 1 wherein a
pleochro-   field, the liquid crystal material being responsive ic dye Is
present in the liquid crystal material.  to the field to align with respect
thereto and the 15     liquid crystal material and containment means 3.
Adevice according to eitherof claims 1-2 wherein    are cooperative to
cause scattering orabsorption the containment means comprises a containment
of light In the absence of the field and to reduce medium having therein a
plurality of volumes of    scattering or absorption in the presence of the
liquid crystal material.                           field. 20 4. A device
according to any one of claims 1-3,     13. A device according to claim 12
which includes wherein the containment means forms discrete       means for
applying an electric field to the liquid curved volumes containing discrete
quantities of   crystal material. liquid crystal material and operative to
distort the natural structure of the liquid crystal material.    25  14. A
device according to claim 13 wherein the means for applying the electric
field comprises 5. A device according to any one of claims 1-4,
electrodes. wherein said liquid crystal material and contain- ment means
comprises an encapsulated liquid     15. A device according to claim 14
wherein at least crystal.                                   30      one of
the electrodes is transparent and another of the electrodes is in the form
of a pattern. 6. A device according to any one of claims 1-5, wherein the
containment means forms a plurality  16. Adevice according to claim 15
which includes cir- of capsules of liquid crystal material bounded by  cult
means for applying electrical energy to the walls formed by the containment
means, and the   35  electrodes. dielectric constant of the walls of such
capsules Issuch that the impedance in a radial direction of  17. A device
according to any one of claims 1-16 the capsules does not cause a
substantial vol-     wherein the containment means includes sur- tage drop
relative to the voltage drop across the  face-defining means that tends to
align at least liquid crystal material upon application of an elec-  40
some of the liquid crystal material generally in trio field across the
capsules.                    parallel thereto when in the absence of the
input. 7. A device according to any one of claims 1-6,    18. A device
according to any one of claims 1-17 wherein the liquid crystal material and
contain-   wherein the liquid crystal material has positive di- ment means
comprise volumes of liquid crystal  45  electric anisotropy. material
having a size of from about 2 microme- ters to about 25 micrometers.
19. A device according to any one of claims 1-18 



wherein the liquid crystal material is operationally 8. A device according
to any one of claims 1-7,       nematic liquid crystal material. wherein
the containment means comprises a res-  50 in or polymeric material.
20. A device according to any one of claims 1-19 wherein the liquid crystal
material is a nematic liq- 9. A device according to claim 8 wherein the
resin     uid crystal material. or polymeric material is selected from
gelatin, a carboxy polymethylene polymer, a maleic an-  55   21. Optical
apparatus comprising a liquid crystal de- hydride-derived copolymer,
poly(methyl vinyl       vice as defined in any one of claims 1-20.
ether/maleic anhydride), and polyvinyl alcohol. 22. Optical apparatus
according to ciaim 21 in the 12      This is the replacement  sheet
date:22/04/96    23                  EP 0 088126 B2                  24
form of an optical display device.                 vorhanden ist. 23. A
method of making encapsulated nematic liquid  3. Etnrichtung nach Anspruch
1 oder 2, wobei die crystal material wherein the liquid crystal mater-
Behaltreinrichtung ein Behiltermedium  auf- al is contained in a plurality
of volumes in the en-   s  weist, weiches eine Mehrzahl von Volumina des
capsulating medium comprising mixing at least
FlfIssigkristallmaterials hat. an encapsulating medium, a nematic liquid
crys- tal material, and a pleochroic dye, and wherein  4. Einribhtung nach
einem der Ansprfiche I bis 3, the liquid crystal material has an ordinary
index  wobei die Behalterelnrichtung getrennte ge- of refraction
substantially the same as the index  lo  krfmmte Volumina bildet, die
getrennte Mengen of refraction of the encapsulating medium, and     von
FlOssigkristallmaterial enthalten und so wir- wherein the liquid crystal
material has positive dl-  ken, daB ale die natOrliche Struktur des
Fllssig- electric anisotropy.
kristallmaterials verzerren. 24. A method of making encapsulated liquid
crystal  15  5. Einrichtung nach elnem der Ansprrlche I bis 4, material
wherein the liquid crystal material is con-  wobei das
Fiufssigkristallmaterial und die Behil- tained in a plurality of volumes In
the encapsulat-  tbreinrichtung einen eingekapselten Flurssigkri- ed medium
comprising mixing an encapsulating       stall aufweisen. medium and a
nematic liquid crystal material, wherein the liquid crystal material has an
ordi-  20  6. Einrichtung nach elnem der Ansprl~che I bis 5, nary index of
refraction substantially the same as  wobel die Behfltereinrichtung elne
Mehrzahl von the Index of refraction of the encapsulating me-   Kapseln aus
FClIssigkristallmaterial bildet, die dium, and wherein the liquid crystal
material has  durch Wande begrenztwerden, welche durch die positive
dielectric anisotropy.                    Behaltereinrichtung gebildet
werden, und wobei 26      die dielektrische Konstante der WAnde dieser 2. A
method according to claim 24 wherein the liquid           Kapseln derart
let, dal die lmpedanz in elner ra- crystal material has an extraordinary
index of re-  dialen Richtung der Kapseln keinen wesentli- fraction that Is
different from the index of refrac-  chen Spannungsabfall relativ zu dem
Span- tion of the encapsulating medium.                  nungsabfall
bewirkt, der bei Anlegen elnes elek- 90     trischen Feldes fiber die
Kapseln hinweg entlang 26. Optical apparatus comprising encapsulated liq-
des Flfissigkristallmaterials abfallt. uid crystal material prepared in
accordance with any one of claims 23 to 25.                     7.
Einrichtung nach einem der Anspr~iche I bis 6, wobel das
FiOssigkristallmaterial und die Behal- 9S     tereinrichtung Volumina von
Fliissigkristallmate- Patentanspruiche
rial aufweisen, die Abmessungen von etwa 2 jum bis etwa 25 pm haben. 1.
Flussigkristalleinrichtung mit elnem Flfssigkri- stallmaterial und einer
Behaltreinrichtung fOr  8. Einrichtung nach einem der Ansprfiche I bis 7,
dieses zum induzieren elner verzerrten Ausrich-  40  wobel die
Behaltereinrichtung ein Harz bzw. tung des Flflssigkristallmaterials, und
welche bei  Kunstharz odor Polymenmaterial aufweist. Abwesenhelt elner
Feldeingabe und In Reaktion aufeine solcheAusrichtung Lichtstreutund/oder
9. Einrichtung nach Anspruch 8, wobel das Harz absorbiert, wobei der
normale Brechungsindex       oder Polymermatbrial ausgewflhit wird aus den
des FOssigkristallmaterials und derBrechungsin-  45  Materialien Gelatine,
elnem Carboxypolymethyl- dex der BehAltereinrichtung im wesentlichen
enpolymer, elnervon Maleinsalureanhydrid abge- identisch sind, so
daBunterReaktion aufAnlegen     leiteten Copolymer, einem
Poly-(methylvinylet- elnes Feldes der Betrag der Streuung und/oder
herlmaleinsaureanhydrid), und Polyvinylalkohol. 



Absorption vermindert wird, wobei die Behalter- elnrichtung sine Mehrzahl
von Volumina des  5o  10. Einrichtung nach elnem der Anspralche I bis 9,
Flfssigkristallmaterials einschlielt und wobei    welche eine
Substratbinrichtung fOr das Tragen das Behiltermaterial nicht ebene
Wandeinrich-      der Kombination aus FlfIssigkristalimaterial und tungen
hat, die die Tendenz haben, zumindest e-    Behaltereinrichtung aufweist.
nen Tell des Fllssigkristallmaterials zu verzer- ren.
65   11. Einrichtung nach Anspruch 10, welche Elnrich- tungen auFweist fOr
das Anhaften der Kombinati- 2. Einrichtung nach Anspruch 1, wobel In dem
FIOs-    on aus Flflssigkristallmaterial und Behilterein-
sigkristallmaterial ein pleochroitischer Farbstoff  richtung an der
Substrateinrichtung. 13      This is the replacement sheet I
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elnem der Ansprfche  bis 11,  23. Verfahren zum Herstellen von
eingekapseltem wobei die Eingabe ein elektrisches Fold oder ein
Flflssigkristallmaterial, wobei das Flfsslgkristall- magnetisches Feld Ist,
wobel das FlOassiglristall-  material in einer Mehrzahl von Volumina in dem
material auf das Feld derart anspricht, daB es     Einkapselmedlum
aufgenommen ist, mit den sich bezuglich desselben ausrichtet und das    5
Schritten: Flussigkristallmatbrial und die Behaltereinrich-   Mischen
zumindest sines Kapselmediums, ines tung so zusammenwirken, daB ale ine
Streuung       nematischen Flfssigkriatallmaterials und sines oder sine
Absorption von Llcht bel Abwesenhelt     pleochroitiachen Farbstoffes,
wobei das FRiissig- des Feldes bewirken und das Streuen oder Ab-
kristallmateral ehen normalen BrechungsIndex sorbibren bel Anwesenheit des
Feldes vermin-  io   hat, der im wesentlichen derselbe ist, wie der dern.
Brechungsindex des Kapselmaterials und wobei das Flassigkristallmaterial
eine positive dielektri- 13. Einrichtung nach Anspruch 12, dadurch gekenn-
sche Anisotropie hat. zelchnet, daB ale Einrichtungen zum Anlegen ei- nes
elektrischen Feldes an dem Flfssigkristall-  *5  24. Verfahren zum
Herstellen von gekapseltem FIGs- material aufweist.
sigkristallmaterial, wobel das Flfssigkristallmate- rial in einer Mehrzahl
von Volumina in dam Kap- 14. Einrichtung nach Anspruch 13, wobel die
Einrich-  selmedlum enthalten ist, mit den Schritten: tung zum Anlegen des
elektfischen Feldes Elek-     Mischen sines Kapselmediums und  sines troden
aufweist.                           20      nematischen
Flfssigkristallmaterials, wobei das Flussigkristallmaterial elnen normalen
Bre- 15. Elnrichtung nach Anspruch 14, wobel zumindest     chungsindex hat,
der im wesentlichen derselbe sine der Elektroden durchsichtg ist und sine
an-   et, wie der Brechungshndex des Kapselmediums, dere der Elektroden in
Form sines Musters vor-     und wobei das Flfssigkristallmaterial sine
positi- liegt.                                     25      ve dielektrische
Anisotrople hat. I. Einrichtung nach Anspruch 15, dadurch gekenn-  25.
Verfahren nach Anspruch 24, wobei das Flassig- zeichnet, daB ase
Schaltkreiselnrichtungen fOr     kristallmaterial einen aulerordentlichen
Bre- das Aufbringen elektrischer Energie an die Elek-   chungaindex hat,
der sich von dem Brechungsin- troden aufweist.                           30
dex des Kapselmediurns unterscheidet. 17. Einrichtung nach elnem der
Ansprfche I bis 18,  26. Optische Vorrichtung, dadurch gekennzeichnet,
wobel die Behaltereinrichtung Elnrichtungen auf-   dal sie gekapseltes
Flussigkristallmaterial auf- weaist, welche sine Oberflache festlegen, die
die  welit, welches gemaB ehnem dsr Ansprfche 23 Tendenz hat, zumindest
einen Tell des Flussigkri-  35  bis 25 hergestellt ist. stallmaterials in
etwa parallel hisrzu uawzurich- ten, wenn keine Eingabe vorhanden ist.
Revendlcations 18. Einrichtung nach einem der Ansprfilche 1 bis 17, wobel
das Flfissigkristallmaterial sine positive di-  40  1. Dispositif A
cristaux liquides caracteris6 en ce elektrische Anisotropie hat.
qu'il comprend du cristal liquids et des moyens pour contenircelul-ci
servant a induire un aligne- 19. Einrichtung nach einem der Ansprfche I bis
18,    ment d6form6 dudit cristal liquids, et qui en l'ab- wobei das
Flussigkristallmaterial In der Betrieb-  sence d'une entree de champ et, en
r6ponse a sweise nematisches Fllssigkristallmaterial lst.    45  cot
alinement, disperse et/ou absorbs la lumli- re, I'Indice ordinaire de
refraction du cristal liqui- 20. Einrichtung nach einem derAnsprfche I bin
19,     de et l'indlce de r~fraction du moyen de conten- wobel   das
Flflssigkristallmaterial   ein       tion etant sensiblement identiques de
sorts que, nematisches Flssligkristallmaterial ist.           en r6ponse A
une entree de champ, la quantite de 



60      dispersion et/hu d'absorptbon est r6duite, lI 21. Optische
Vorrichtung, dadurch gekennzelchnet,      moyen de contention comprenant en
outre une dali ale sine Flflssigkristallelnrichtung aufweist,  pluralite de
volumes de cristal liquid. a l'interieur, wbe ale in einem der Ansprfche I
bis 20 definiert  et un moyen de parol non plane qui tend A d6for- ist.
mer au moins une partle du cristal liquids. 55 22. OptischeVorrichtung
nachAnspruch 21, dadurch   2. Dispositifselon la revendication 1,
caractris6 en gekennzeichnet, dale s die Form einer opti-        ce qu'une
tointure pleochroique est pr6sentb schen Anzelgevorrichtung hat.
dans le cristal liquide. I!Ii i14  This is the replacement sheet C
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ou 2, caracte-  cristal liquids r6agissant au champ pour s'aligner rise en
ce quo le moyen de contention comprend     parrapport a celui-ci, eten ce
que le cristal liquids un moyen de contention contenant a l'interieur
et les moyens de contention cooperent pour pro- une pluraliti de volumes de
cristal liquids.       voquer la dispersion ou l'absorption de Ia lumiere 5
en l'absence du champ et pour rhduire la disper- 4. Dispositif salon l'une
des revendications I a 3,   sion ou l'absorption en presence du champ.
caracterise en ce quo le moyen de contention for- me des volumes incurves
discrets contenant des  13. Disposltif solon la revendication 12,
caracterise quantites discrites de cristal liquide at sert A de-  en ce
qu'll comprend des moyens servant a ap- former Ia structure naturelle du
cfistal liqulde.    10  pliquer un champ Nlectrique au cristal liquids. 5.
Disposltif solon l'une des revendications I A 4,  14. Dispositif solon la
revendlcation 13, caracterise caracterise en ce quo ledit cristal liquids
et le  en ce qua les moyens pour appliquer le champ moyen de contention
comprennent un cristal li-     electrique comprennent des electrodes. quide
encapsule.                           15 15. Dispositif solon la
revendication 14, caracthriss 6. Dispositif solon l'une des revendications
I A 5,   en ce qu'au moins une des electrodes est trans- caracteriseen ce
quo le moyen de contention for-   parents et une autre des electrodes a la
forms me une pluralite de capsules de cristal liquids re-  d'un motif.
Iiees par des parols formees par le moyen de   20 i2      contention, et
ence qua la constants diilectrique  16 Dispositif salon la revendtcation
15, caracteris des parols de ces capsules est telle qua l'imps-   en ce
qu'll comports des moyens formant circuit dance dans un sens radial des
capsules ne pro-     pour appliquer l'energie electrique aux electro- voque
pas une chute de tension substantielle par   des. rapport a la chute de
tension A travers le cristal  25 liquids lors, de lapplication d'un champ
electrique  17. Dispositif salon une des revendications 1 A 16, A travers
les capsules.                            caracterise en ce quo le moyen de
contention comporte des moyens definissant une surface 7. Dispositif salon
rune des revendications I A 6,    qui tendent ais'aligner par rapport A au
mois une caracterbes ence quo le cristal liquid& et le moyen   30  partie
du cristal liquid. generalement paralille- de contention comportent des
volumes de cristal    ment A celul-ci an l'abssnce d'un signal d'entree.
liquido ayant une dimension sIlent d'environ 2 mi- crons A environ 25
microns.                     18. Dispositif salon une des revendications I
A 17, caracterise on ce que le cristal liquido a une ani- 8. Dispositif
solon rune des revendications I A 7,  S6  sotrople dielectrique positive.
caracterise en co quo le moyen de contention comprend une rnsino ou un
polymere.             19. Dispositif solon une des revendications I A 18,
caracterise en co quo le cristal liquide est fono- 9. Dispositif selon la
revendication 8, caracterise en  tionnellement un cristal liquido
n~matique. <I      ce qua la resine ou le polymbre sont selectionnes  40
parmi la gblatine, un polymbre carboxy- polyme-  20. Dispositif solon une
des revendications I A 19, thylene, un copolymere derive d'anhydride malei-
caracterise on ce quo le cristal liquids est un cris- quo, un poly(m6thyle
vinyle etherlanhydride ma-    tal liquide nematique. 1l6que), et de
l'alcool polyvinylique. 45  21. Appareil optique comprenant un dispositif A
cris- 10. Dispositif solon rune des revendications I A 9,   taux liquides
tel quo definl dans l'uns des reven- caracteise en ce qu'il comports un
moyen for-      dications I A 20. mant substrat pour supporter la
combinaison de cristal liquid. et du moyen de contention.      22. AppareDl
optique salon la revendlcation 21, ca- 



50     racterise en ce qu'il se presente sous la forms 11. Dispositif solon
la revendication 10, caracterias  d'un dispositif d'afflchage optique. en
ce qu'il comprend des moyens servant a faire adherer la combinaison de
cristal liquids et du  23. Procede pour fabriquer un cristal liquids
nemati- moyen de contention au moyen formantsubstrat.      quo encapsulI
dans lequel le cristal liquids est s5      contenu dans une pluralite de
volumes dans le 12. Dispositif salon l'une des revendications 1 A 11,
moyen d'encapsulation, caracterlse en ce qu'il caracterise en ce que le
signal d'entree est un    comprend Is mflange d'au moins un moyen d'en-
champ electrique ou un champ magnetique, le        capsulation, un cristal
liquide nematique et une 15 ~  11This is the replacement sht. C !11111
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EP 0 088126 B2                  30 teinture pl6ochroique, on ce quo le
cristal liquids a un Indico de refraction ordinaire sensiblement equivalent
A llIndice de r6fraction du moyen d'en- capsulation et en coe quo le
cristal liquids compor- to une anisotropie dielectrique positive.  5 24.
Procbdh pour la fabrication de cristal liquide en- capsulI dans lequel le
cristal liquids eat contbnu dans une pluralit6 de volumes dans le moyen
d'encapsulation compronant le m6lange d'un   1o moyen d'encapsulation et
d'un cristal liquids n6- matique, caracterise en co qua le cristal liquid.
a un indice ordiaire de r6fraction sensiblement 6gal A l'indice de
refraction du moyen d'encapsu- lation et en ce quo Is cristal liquids
comporte une   15 anibotropib dielectrique positive. 25. Proced6 selon la
revendication 24, caract6rlse en ce quo Is cristal liquid. a un indice de
refraction extraordinaire different de l'indice de refraction   20 i>
du moyen d'encapsulation. 26. Appareil optique comprenant du cristal
liquid. encapsul6 prepare selon lune des revendica- tions 23 A 25.
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