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(57) ABSTRACT 

The invention discloses a liquid crystal display element 
including: a pair of display substrates each having a support 
and an electrode provided on one surface of the support; and 
a display layer provided betWeen the electrodes of the pair 
of display substrates, Wherein the display layer contains 
gelatin and liquid crystal drops or rnicrocapsules; and the 
liquid crystal drops or rnicrocapsules are densely arrayed in 
a rnonolayer, and a method of manufacturing the liquid 
crystal display element, including: applying to a surface of 
one of the display substrates Which surface has the electrode, 
a coating solution in Which liquid crystal drops or micro 
capsules are dispersed in a solution containing gelatin and a 
solvent, thereby forming a coating layer; and evaporating 
the solvent in the coating layer at a temperature not less than 
the freeZing point of the gelatin to provide a display layer 
betWeen the electrodes of the display substrates. 
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LIQUID CRYSTAL DISPLAY ELEMENT AND 
MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority under 35 USC 119 
from Japanese Patent Application No. 2004-72928, the 
disclosure of Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a liquid crystal 
display element having a display layer including liquid 
crystal drops or liquid crystal microcapsules, and a manu 
facturing method thereof. 

[0004] 2. Description of the Related Art 

[0005] The large quantity of paper consumed mainly in 
of?ces has become problematic, oWing to both the destruc 
tion of forest resources to obtain the raW material for paper 
pulp as Well as environmental pollution arising from the 
disposal and incineration of refuse. HoWever, consumption 
of paper meant to be short-lived documentation for tempo 
rary vieWing of electronic information has tended to increase 
more and more With the spread of personal computers and 
the development of information-based society, as With the 
Internet. It is therefore desirable that a reWritable display 
medium be developed to replace paper. 

[0006] In recent years, cholesteric liquid crystal display 
elements have been notable for such merits as a memory 
property capable of retaining the display Without a poWer 
source, a bright display gained from non-use of a polariZing 
plate, and color display being possible even Without use of 
a color ?lter. 

[0007] Cholesteric liquid crystal, in Which liquid crystal 
molecules have a helical structure, causes a selective re?ec 
tion phenomenon Where incident light is divided into right 
hand circularly polariZed light and left-hand circularly polar 
iZed light, and a circularly polariZed light component 
corresponding to the torsional direction of the heliX under 
goes Bragg re?ection, and the rest of the light is transmitted. 
The central Wavelength 7» and the re?ected Wavelength 
Width A?» of re?ected light are denoted as 7t=n~p and 
A7~=An~p respectively Where helical pitch is p, average 
refractive indeX is n and double refractive indeX is An, and 
re?ected light from a cholesteric liquid crystal layer exhibits 
vibrant color depending on the helical pitch. 

[0008] Cholesteric liquid crystal having positive dielectric 
anisotropy can eXist in the folloWing three states: a planar 
state Where the helical aXis is perpendicular to a cell surface 
as shoWn in FIG. 10A and the above-mentioned selective 
re?ection phenomenon is caused With respect to incident 
light, a focal conic state Where the helical aXis is substan 
tially parallel to the cell surface as shoWn in FIG. 10B and 
incident light is transmitted While being someWhat subjected 
to forWard scattering, and a homeotropic state Where a liquid 
crystal director turns in the direction of an electric ?eld With 
a deformed helical structure as shoWn in FIG. 10C and 
Where incident light is transmitted substantially completely. 

[0009] Of the three states, the planar state and the focal 
conic state can bistably eXist Without voltage. The state of 
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orientation of cholesteric liquid crystal, therefore, is not 
univocally determined for voltage applied to a liquid crystal 
layer, the state of orientation of Which changes from a planar 
state to a focal conic state and then to a homeotropic state, 
in that order, as an applied voltage is increased in a case 
Where the planar state is the initial state, and changes from 
a focal conic state to a homeotropic state, in that order, as an 
applied voltage is increased in a case Where the focal conic 
state is the initial state. On the other hand, in a case Where 
voltage applied to a liquid crystal layer is abruptly brought 
to 0, the planar state and the focal conic state are maintained 
in these respective states, While the homeotropic state 
changes into the planar state. The three states can be made 
to undergo mutual transition by the magnitude of applied 
pulse voltage. 
[0010] FIG. 11 shoWs this electrooptical response. In 
FIG. 11, the curve A denotes the case Where the initial state 
is the planar state and the curve B denotes the case Where the 
initial state is the focal conic state. 

[0011] Arange denoted as (a) in FIG. 11 shoWs the planar 
state or the focal conic state (selective re?ection state or 
transmission state), a range denoted as (b) shoWs a transition 
region, a range denoted as (c) shoWs the focal conic state 
(transmission state), a range denoted as (d) shoWs a transi 
tion region and a range denoted as (e) shoWs the homeotro 
pic state, Which changes into the planar state (selective 
re?ection state) at a voltage of 0. Vpf,90, Vpf,10, Vfh,10 and 
Vh,90 signify voltage at Which normaliZed re?ectance is 90 
or 10 (normalized re?ectance of 90 or more is regarded as 
the selective re?ection state and that of 10 or less is regarded 
as the transmission state) before and after the tWo transition 
regions. 
[0012] Alayer for absorbing light of the same Wavelength 
as at least the selective re?ection color is disposed on the 
back of a cholesteric liquid crystal layer, so that a re?ection 
type memory display utiliZing the planar state and the focal 
conic state can be achieved. 

[0013] A cholesteric liquid crystal display element can 
have a structure in Which liquid crystal is contained in space 
formed betWeen a pair of display substrates to form a 
continuous phase, or have a structure such as a PDLC 
(Polymer Dispersed Liquid Crystal) structure in Which drop 
like cholesteric liquid crystal is dispersed in a polymeric 
binder or a PDMLC (Polymer Dispersed Microencapsulated 
Liquid Crystal) structure in Which microencapsulated cho 
lesteric liquid crystal is dispersed in a polymeric binder (for 
eXample, refer to Japanese Patent Application Publication 
(JP-B) No. 7-009512, Japanese Patent Application Laid 
Open (JP-A) No. 09-236791 and Japanese Patent No. 
3178530 (paragraphs 0159 to 0161)). 
[0014] The use of the PDLC or PDMLC structure restrains 
the ?oWability of liquid crystal, and thus disorder of an 
image due to bending and pressure decreases, achieving a 
?exible medium. The direct laminating of multiple choles 
teric liquid crystal layers alloWs realiZation of color display, 
and also laminating With a photoconductive layer alloWs 
realiZation of a display element for addressing an image With 
light signals. In addition, a display layer can be formed With 
a thick-?lm printing technique so as to offer the advantage 
of the manufacturing method thereof being simpli?ed to 
achieve loW cost. 

[0015] HoWever, a cholesteric liquid crystal display ele 
ment having a PDLC or PDMLC structure has problems in 
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that selective re?ection color in the planar state is loW in 
brightness and color purity so as not to alloW a clear color 
display, and that light transmittance in the focal conic state 
is poor such that contrast decreases due to a turbid black 
display in a display element provided With a black light 
absorbing layer on the back thereof. 

[0016] The reason Why selective re?ection color in the 
planar state is loW in brightness as described above is that, 
as shoWn in FIG. 12, an area 32y of disordered orientation 
occurs in the vicinity of an interface of each liquid crystal 
drop or liquid crystal microcapsule 32 Which has a curved 
surface such as being in a spherical shape, and an effective 
selective re?ection area 32x reduces in the planar state. This 
also results in unnecessary scattered light in the focal conic 
state. An effective means for reducing this defect is to render 
the diameters of the liquid crystal drops larger and uniform 
and to decrease the total area of interfaces as much as 
possible. HoWever, the problem arises of surface irregulari 
ties of a display layer becoming large due to the enlarged 
liquid crystal drops as described beloW. 

[0017] As shoWn in FIGS. 13 and 14, conventional struc 
tures including PDLC and PDMLC are manufactured by 
applying a coating solution for a display layer to a display 
substrate 10 With a coating device 60 (FIGS. 13A and 14A), 
evaporating a solvent 35 by heating and decompressing 
(FIGS. 13B and 14B). Within the coating solution, the 
liquid crystal drops or the liquid crystal microcapsules 32 
are dispersed in an aqueous solution of a polymer serving as 
a binder. Refer to JP-B No. 7-009512, JP-A No. 09-236791 
and Japanese Patent No. 3178530 (paragraphs 0159 to 
0161)). FIG. 13 shoWs an eXample of polydispersion Where 
the liquid crystal drops or the liquid crystal microcapsules 
are not uniform in particle diameter, While FIG. 14 shoWs an 
example of monodispersion Where the particle diameters are 
uniform. 

[0018] In the case of FIG. 13, When the concentration of 
nonvolatile components (non-evaporable components) in a 
coating ?lm is increased by evaporating the solvent, the 
?oWability of a coating layer decreases, causing a phenom 
enon called ?occulation Where multiple liquid crystal drops 
or liquid crystal microcapsules ?oW integrally, as shoWn by 
33 in FIG. 13B. Drying progresses in a state Where indi 
vidual dispersed liquid crystal drops cannot freely move, 
and thus the obtained display layer has a structure in Which 
multiple liquid crystal drops or liquid crystal microcapsules 
are in an accumulated state, and additionally, a leveling 
effect on the liquid surface does not suf?ciently come to 
bear, Whereby a ?lm is produced Which easily obtains large 
surface irregularities in the liquid crystal drop layer, causing 
a particular disadvantage Which Will be mentioned later. 

[0019] The ?occulation also occurs in a case Where the 
liquid crystal drops 32 dispersed as shoWn in FIG. 14 have 
uniform and large particle diameters. The larger and more 
uniform the particle diameters are of the dispersed liquid 
crystal drops, the greater the tendency is for surface irregu 
larities to become large in a liquid crystal drop layer. 

[0020] When surface irregularities in the liquid crystal 
drop layer are large, as shoWn in FIG. 15, a bonding layer 
16 cannot completely cover all of the irregularities and an 
undesirable air layer 38 occurs betWeen the bonding layer 16 
and a display layer 30 at the time that opposite display 
substrates 10 and 20 are laminated. A desirable voltage 
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cannot be applied to areas including air. The areas thus 
remain in the planar state Which is obtained after coating, do 
not act and cause unnecessary selective re?ection light. 
Light re?ected at the interface betWeen the bonding layer 16 
and the air layer 38, or betWeen the air layer 38 and the 
display layer 30, becomes unnecessary backWard scattered 
light, Which particularly causes decrease in light transmit 
tance in the focal conic state and a turbid black display as 
described above. 

[0021] In addition, the reason Why color purity is loW in 
conventional PDLC and PDMLC structures is as folloW. As 
shoWn in FIGS. 13 to 15, light Which has passed through 
cholesteric liquid crystal is slightly forWard scattered When 
liquid crystal drops are not orderly arrayed in a monolayer. 
The forWard scattered light enters a second liquid crystal 
drop layer at a smaller incident angle. Aphenomenon Where 
the liquid crystal drops in second or more layers re?ect light 
of a shorter Wavelength than the original helical pitch 
according to Bragg’s condition (7»=n~P~cos 0) in addition to 
the original selective re?ection light undesirably occurs in a 
state of liquid crystal drops being accumulated in the direc 
tion of thickness, decreasing the color purity of re?ection 
color observed as a result. 

[0022] Problems have been described so far With regard to 
a cholesteric liquid crystal display element. Also With regard 
to the display element of a PDLC or PDMLC structure using 
nematic liquid crystal or guest-host liquid crystal, When the 
liquid crystal drops are not orderly arrayed in a monolayer, 
there is occasionally a problem of large surface irregularities 
in a liquid crystal drop layer causing incorporation of air at 
the time that opposite substrates are laminated, and of a 
varying abundance ratio of liquid crystal to a polymeric 
binder in the direction of thickness deteriorating threshold 
steepness. 

[0023] JP-A No. 09-90321 describes a method in Which 
liquid crystal microcapsules of a uniform siZe formed from 
liquid crystal drops coated With a medium having a constant 
thickness are formed into a monolayer. This method 
involves immersing a substrate in an emulsion in Which 
liquid crystal microcapsules are dispersed, and pulling the 
substrate up from the emulsion at a constant velocity to form 
the monolayer on the substrate. 

[0024] This method, hoWever, employs the ?oW accumu 
lation principle Where a substrate is pulled out of an emul 
sion, and according to the Wettability of the substrate sur 
face, particles accumulate Where the substrate, solution, and 
air are in contact due to tension acting betWeen the particles 
partially immersed in the solution. Therefore, the ?lm 
forming rate is loW, and the method requires much time. 
Consequently this method is not suitable for manufacturing 
a large surface-area device. In addition, a complicated 
mechanism is required, such as a feedback device for 
controlling the pull-up rate While observing the state of the 
coating ?lm. Moreover, a process of applying a polymer 
solution after forming the monolayer is additionally required 
to ?atten the surface of the coating ?lm. 

[0025] J P-A No. 2002-270495 describes a leveling method 
at the time that a coating solution is applied to a semicon 
ductor Wafer. With this leveling method, a coating solution 
applied to a semiconductor Wafer is spread by a traveling 
Wave that is generated by a traveling-Wave generator (a 
pieZoelectric element). The coating solution is spread Within 
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an environment Where the atmosphere is pressurized to be 
equal to or more than the saturation vapor pressure of the 
coating solution so that no solvent vaporiZes and thereby 
leveling is effectively performed. JP-A No. 2002-270495, 
hoWever, gives no disclosure that liquid crystal drops or 
liquid crystal microcapsules, obtained from a coating solu 
tion containing particulates such as liquid crystal drops or 
liquid crystal microcapsules, are arrayed in a monolayer. 

[0026] Accordingly, the invention has been made in vieW 
of the above-mentioned problems and there are needs for a 
liquid crystal display element that is superior in contrast, by 
forming a ?at ?lm in Which liquid crystal drops or liquid 
crystal microcapsules are densely arrayed in a monolayer, 
and for a method of simply manufacturing such a liquid 
crystal display element With a large surface area. 

SUMMARY OF THE INVENTION 

[0027] The above-mentioned needs are met by providing 
the folloWing liquid crystal display element and manufac 
turing method thereof. 

[0028] A ?rst aspect of the present invention provides a 
liquid crystal display element including: a pair of display 
substrates each having a support and an electrode provided 
on one surface of the support; and a display layer provided 
betWeen the electrodes of the pair of display substrates, 
Wherein the display layer contains gelatin and liquid crystal 
drops or liquid crystal microcapsules; and the liquid crystal 
drops or the liquid crystal microcapsules are densely arrayed 
in a monolayer. 

[0029] Asecond aspect of the invention provides a method 
of manufacturing the liquid crystal display element, includ 
ing: applying to a surface of one of display substrates each 
having a support and an electrode provided on one surface 
of the support, Which surface has the electrode, a coating 
solution for a display layer in Which liquid crystal drops or 
liquid crystal microcapsules are dispersed in a solution 
containing gelatin and a solvent, the gelatin, the solvent, and 
the liquid crystal drops or the liquid crystal microcapsules 
being in an adjusted mix proportion, thereby forming a 
coating layer; and evaporating the solvent in the coating 
layer at a temperature equal to or higher than the freeZing 
point of the gelatin to provide a display layer betWeen the 
electrodes of the display substrates. 

[0030] With regard to the liquid crystal display element of 
the invention, monodispersed liquid crystal drops or liquid 
crystal microcapsules are densely arrayed in a monolayer 
and the surface of the display layer is ?at, Whereby the 
problem can be avoided Which arises in a case Where 
polydispersed liquid crystal drops or liquid crystal micro 
capsules conventionally having a curved interface such as a 
spherical or elliptical shape are arrayed in multilayers and 
surface irregularities of a display layer are large. That is, the 
use of cholesteric liquid crystal as the liquid crystal alloWs 
a liquid crystal display element Where the effective selective 
re?ection area Within liquid crystal drops or liquid crystal 
microcapsules is large (selective re?ection color is bright), 
the color purity of re?ection color does not decrease, unnec 
essary selective re?ection does not occur, and a superior 
display is enabled that does not suffer from a turbid black 
display. The use of nematic liquid crystal and guest-host 
liquid crystal as the liquid crystal alloWs a liquid crystal 
display element having a superior threshold steepness. 
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[0031] The method of manufacturing the liquid crystal 
display element of the invention alloWs a superior liquid 
crystal display element With a large surface area as described 
above to be simply manufactured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Preferred embodiments of the invention Will be 
described in detail based on the folloWing ?gures, Wherein: 

[0033] FIG. 1 is a conceptual vieW shoWing an example of 
the display element of the invention, Which display element 
has a display layer containing liquid crystal drops; 

[0034] FIG. 2 is a conceptual vieW shoWing an example of 
the display element of the invention, Which display element 
has a display layer containing liquid crystal microcapsules; 

[0035] FIG. 3 is a conceptual vieW shoWing an example of 
the display element of the invention, in Which optical Writing 
is performed; 

[0036] FIG. 4A is a conceptual vieW shoWing the appli 
cation step of the method for manufacturing the liquid 
crystal display element of the invention, and FIG. 4B is a 
conceptual vieW shoWing the drying step of the method of 
the invention; 

[0037] FIGS. 5A to 5C are graphs shoWing change of 
arithmetic mean roughness Ra on a display layer surface 
With respect to drying temperature; 

[0038] FIG. 6A shoWs the micrograph of a coating layer 
after an application step has been completed in Example 1, 
FIG. 6B shoWs the micrograph of the coating layer after a 
retaining step has been completed in Example 1, and FIG. 
6C shoWs the micrograph of the coating layer after a drying 
step has been completed in Example 1; 

[0039] FIG. 7A shoWs the image of a display layer 
obtained in Example 1 Which image is observed by a 
three-dimensional laser microscope, FIG. 7B shoWs the 
image of a display layer obtained in Comparative Example 
1 Which image is observed by the three-dimensional laser 
microscope, and FIG. 7C shoWs the image of a display layer 
obtained in Comparative Example 2 Which image is 
observed by the three-dimensional laser microscope; 

[0040] FIG. 8A shoWs a graph in Which the image of FIG. 
7A is shoWn by surface pro?le, FIG. 8B shoWs a graph in 
Which the image of FIG. 7B is shoWn by surface pro?le, and 
FIG. 8C shoWs a graph in Which the image of FIG. 7C is 
shoWn by surface pro?le; 

[0041] FIG. 9 is a graph shoWing re?ection spectra of 
display elements of Example 1 and Comparative Examples 
1 and 2 in a planar state and a focal conic state; 

[0042] FIGS. 10A to 10C are vieWs shoWing array states 
of cholesteric liquid crystal; 

[0043] FIG. 11 is a graph shoWing an electrooptical 
response of cholesteric liquid crystal having positive dielec 
tric anisotropy; 

[0044] FIG. 12 is a conceptual vieW shoWing liquid crys 
tal drops in the display layer of a conventional display 
element. 

[0045] FIG. 13A shoWs the application step of a conven 
tional method of manufacturing a display layer in Which 
liquid crystal is polydispersed, and FIG. 13B shoWs the 
drying step of the method; 



US 2005/0200775 A1 

[0046] FIG. 14A shows the application step of another 
conventional method of manufacturing a display layer in 
Which liquid crystal is monodispersed, and FIG. 14B shoWs 
the drying step of the method; 

[0047] FIG. 15 is a conceptual vieW shoWing that black 
re?ectance deteriorates When surface irregularities in a liq 
uid crystal drop layer are large in a conventional display 
device; and 

[0048] FIG. 16 is a conceptual vieW shoWing a process in 
Which a coating layer containing a dispersing element is 
dried. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0049] The liquid crystal display element (occasionally, 
hereinafter referred to as the “display element”) of the 
invention includes a pair of display substrates each having a 
support and at least one electrode provided on one surface of 
the support; and a display layer provided betWeen the 
electrodes of the pair of display substrates, and the display 
layer contains gelatin and liquid crystal drops or liquid 
crystal microcapsules; and the liquid crystal drops or the 
liquid crystal microcapsules are densely arrayed in a mono 
layer. 

[0050] The display element of the invention may have a 
light shielding layer on the electrode(s) of a display substrate 
on a non-display surface side, and a bonding layer betWeen 
the light shielding layer and the display layer, or betWeen the 
electrode(s) and the display layer, if necessary. 

[0051] The type of liquid crystal used in the display 
element of the invention is not particularly limited, and 
cholesteric liquid crystal, nematic liquid crystal and guest 
host liquid crystal can be used. Embodiments of the display 
element of the invention Which embodiments include cho 
lesteric liquid crystal Will be described beloW. 

[0052] The embodiments of the display element of the 
invention are described in ?gures. FIG. 1 shoWs a ?rst 
embodiment of the display element of the invention. 

[0053] The display element of the ?rst embodiment has a 
display layer containing liquid crystal drops. In FIG. 1, the 
numeral 100 denotes a display element, the numerals 10 and 
20 denote a pair of display substrates, and each of the 
numerals 11 and 21 denotes a support and the numerals 12 
and 22 denote electrodes provided on the supports 11 and 21. 
The display substrates 10 and 20 are disposed so that the 
respective electrodes face each other. The numeral 14 
denotes a light shielding layer provided on the electrode on 
a non-display surface side. The numeral 30 denotes a display 
layer, Which contains cholesteric liquid crystal drops 32 and 
a polymeric binder 34, and cholesteric liquid crystal is 
denoted by 32a. The numeral 16 denotes a bonding layer 
formed betWeen the light shielding layer 14 and the display 
layer 30. In this embodiment, the state of orientation of the 
cholesteric liquid crystal is controlled by applying voltage 
betWeen the electrodes, and thereby incident light is selec 
tively re?ected by the cholesteric liquid crystal as shoWn in 
FIG. 1. 

[0054] Since liquid crystal drops or liquid crystal micro 
capsules in the display layer of the display element of the 
invention are arrayed in a monolayer as described above, an 
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area of disordered orientation is decreased in the vicinity of 
an interface of each liquid crystal drop or microcapsule, and 
thereby an effective re?ection area is increased, Which 
achieves bright display and restrains decrease in color purity 
caused by multiple re?ection. In addition, surface irregu 
larities becomes smaller, Whereby adhesion betWeen the 
bonding layer and the display layer can be improved at the 
time of lamination, and turbidity of black display caused by 
unnecessary selectively re?ected light and interfacial 
re?ected light can be reduced. 

[0055] FIG. 2 shoWs a second embodiment of the display 
element of the invention. 

[0056] This embodiment is different from the ?rst embodi 
ment only in that a display layer in Which liquid crystal 
microcapsules are retained and dispersed in a polymeric 
binder. In each of the liquid crystal microcapsules, a poly 
meric shell encapsulates cholesteric liquid crystal. In FIGS. 
1 and 2, members having the same reference numeral are the 
same. In FIG. 2, the numerals 36, 36a and 36b denote liquid 
crystal microcapsules, cholesteric liquid crystal and the 
polymeric shell of each liquid crystal microcapsule, respec 
tively. 

[0057] FIG. 3 shoWs a third embodiment of the display 
element of the invention. 

[0058] A display element shoWn in FIG. 3 is different 
from the display element of FIG. 2 only in that a photo 
conductive layer 40 is provided betWeen the electrode 12 
and the light shielding layer 14. The state of orientation of 
the cholesteric liquid crystal is controlled by applying bias 
voltage betWeen the electrodes 12 and 22 and irradiating the 
photoconductive layer 40 With Writing light. 

[0059] NeXt, each of the members employed in the display 
element described above is described. 

[0060] The support is made of an insulating material, for 
eXample, glass, silicon or a polymer such as polyethylene 
terephthalate, polysulfone, polyether sulfone and polycar 
bonate. The polymer can be in the form of a ?lm. At least a 
support on a display surface side is made of a material Which 
transmits incident light and re?ected light. A knoWn func 
tional ?lm such as a stain preventing ?lm, an abrasion 
resistant ?lm, a re?ection preventing ?lm and/or a gas 
barrier ?lm may be formed on the surface of the support, if 
necessary. 

[0061] The electrode is made of an electrically conductive 
material, for example, a metal such as gold or aluminum, a 
metal oXide such as indium oXide or tin oxide, or a conduc 
tive organic polymer such as polypyrrole, polyacethylene or 
polyaniline. At least an electrode on the display surface side 
is made of a material Which transmits incident light and 
re?ected light. AknoWn functional ?lm such as an adhesion 
improving ?lm, the re?ection preventing ?lm and/or the gas 
barrier ?lm may be formed on the surface of the electrode, 
if necessary. 

[0062] The display layer has a structure in Which drops or 
microcapsules of liquid crystal such as cholesteric (includ 
ing chiral nematic) liquid crystal are retained and dispersed 
in a polymeric binder. The liquid crystal drops or the liquid 
crystal microcapsules in the display layer preferably have a 
uniform siZe. 
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[0063] The cholesteric liquid crystal can be a material in 
Which a chiral component such as a steroid cholesterol 
derivative or an optically active material including Schiff 
base, an aZo compound, an ester compound, or a biphenyl 
compound is added to nematic liquid crystal, smectic liquid 
crystal or mixed liquid crystal thereof, such as Schiff base, 
an aZo compound, an aZoxy compound, a benZoate com 
pound, a biphenyl compound, a terphenyl compound, a 
cyclohexyl carboxylate compound, a phenylcyclohexane 
compound, a biphenylcyclohexane compound, a pyrimidine 
compound, a dioxane compound, a cyclohexyl cyclohexane 
ester compound, a cyclohexylethane compound, a cyclohex 
ane compound, a tolane compound, an alkenyl compound, a 
stilbene compound, or a condensed polycyclic compound. 

[0064] The polymeric binder is gelatin. The gelatin pref 
erably has a high gel strength and a loW sol viscosity as 
described later. Gelatin having high-molecular-Weight [3 
chain or y chain Which is a multimer of 0t chain, and gelatin 
having a large residue of 0t chain and including small 
amount of loW-molecular-Weight components Which are 
obtained by cleavage of the main chain of 0t chain 0t are 
suitable for such gelatin. Speci?cally, a gelatin material 
manufactured by acid-treating cattle bone is suitable for the 
above gelatin and is particularly preferable because of its 
high gel strength and its loW sol viscosity. A ?rst extract is 
preferable, Which is initially extracted at the time that 
collagen serving as a raW material is hydrolyZed. In order to 
prevent ion contamination of liquid crystal materials, ion 
components remaining in gelatin may be removed by using 
a knoWn technique such as ion exchange resin. 

[0065] The bonding layer is made of the material to bring 
the display layer into close contact With the light shielding 
layer due to heat or pressure, such as a urethane resin, an 
epoxy resin, an acrylic resin or a silicone resin. Aposition at 
Which the bonding layer is interposed is not limited to those 
in the above-described embodiments. The bonding layer 
may be interposed betWeen the electrode and the display 
layer, or betWeen the electrode and the light shielding layer. 
The bonding layer disposed betWeen the electrode and the 
display layer is made of a material Which transmits at least 
incident light and re?ected light. 

[0066] The light shielding layer is made of an insulating 
material, for example, an inorganic pigment such as a 
cadmium pigment, a chromium pigment, a cobalt pigment, 
a manganese pigment, or a carbon pigment, an organic dye 
or pigment such as an aZo compound, an anthraquinone 
compound, an indigo compound, a triphenylmethane com 
pound, a nitro compound, a phthalocyanine compound, a 
perylene compound, a pyrrolopyrrole compound, a quinac 
ridone compound, a polycyclic quinone compound, a 
squarylium compound, an aZulenium compound, a cyanine 
compound, a pyrylium compound, or an anthrone com 
pound, or a material in Which any of these is dispersed in a 
polymeric binder. The light shielding layer absorbs at least 
re?ected light. 

[0067] The photoconductive layer is made of an inorganic 
photoconductor such as a-SizH, a-Se, Te—Se, As2Se3, CdSe 
or CdS, or an organic photoconductor in Which a charge 
generating material such as an aZo pigment, a phthalocya 
nine pigment, a perylene pigment, a quinacridone pigment, 
a pyrrolopyrrole pigment, an indigo pigment, or an anthrone 
pigment is combined With a charge transport material such 
as arylamine, hydraZone, triphenylmethane, or PVK. 
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[0068] Next, a method of manufacturing the display layer 
of the display element Will be described. First, preparation of 
a coating solution for the display layer Will be described. 

[0069] [Preparation of Coating Solution for Display 
Layer] 
[0070] First, a method of preparing liquid crystal drops 
and liquid crystal microcapsules Will be described. 

[0071] <Preparation of Liquid Crystal Drop Emulsion> 

[0072] A liquid crystal drop emulsion is prepared by 
emulsifying and dispersing a disperse phase including at 
least cholesteric liquid crystal in a continuous phase that is 
incompatible With the disperse phase, such as an aqueous 
phase, in a drop-like state. In emulsi?cation, a process in 
Which the disperse phase is mixed With the continuous phase 
and then is dispersed therein as minute droplets by a 
mechanical shearing force of for example, a homogeniZer, or 
a ?lm-emulsifying process in Which the disperse phase is 
alloWed to pass through a porous ?lm, extruded into the 
continuous phase and dispersed as minute droplets can be 
conducted. In particular, the ?lm-emulsifying process is 
preferable since particle siZe variation of emulsi?ed droplets 
are smaller to form liquid crystal drops having a uniform 
particle siZe. Trace of a surfactant and/or a protective colloid 
for stabiliZing emulsi?cation may be mixed With the con 
tinuous phase at the time of emulsi?cation. 

[0073] <Preparation of Liquid Crystal Microcapsule 
Slurry> 
[0074] For preparation of liquid crystal microcapsules 
each having a polymeric shell that encaupsulates cholesteric 
liquid crystal, a knoWn microencapsulating process such as 
a phase separation process, an interfacial polymeriZation 
process, or an in-situ polymeriZation process can be 
employed. Speci?cally, liquid crystal drops manufactured 
above are dispersed in a solution containing a polymeric 
shell material or thermoseting the polymeric shell material 
to form a polymeric shell on the periphery of each liquid 
crystal drop. When urethane/urea polymeric shells are 
manufactured, it is preferable that liquid crystal drops 
including a polyisocyanate compound are prepared and 
added to a solution containing polyhydric alcohol and that 
urethane/urea forming reaction is caused. 

[0075] A material that is not dissolved in a liquid crystal 
material to be encapsulated is employed for the polymeric 
shell. Examples thereof include gelatin, a cellulose deriva 
tive, gelatin-gum arabic, gelatin-Guerin’s gum, gelatin-pep 
tone, gelatin-carboxymethyl cellulose, polystyrene, polya 
mide, nylon, polyester, polyphenyl ester, polyurethane, 
polyurea, melamine-formalin resin, phenol-formalin resin, 
urea-formalin resin, acrylic resin, and methacrylic resin. 

[0076] <Concentration> 

[0077] Next, When the concentration of nonvolatile com 
ponents (non-evaporable components) in the cholesteric 
liquid crystal drop emulsion or the cholesteric liquid crystal 
microcapsule slurry manufactured above is loWer than the 
necessary, the cholesteric liquid crystal drop emulsion or 
cholesteeric liquid crystal microcapsule slurry is concen 
trated to obtain a coating solution for a display layer having 
a desired concentration of the nonvolatile components. For 
concentration, a process in Which the emulsion or slurry is 
alloWed to stand or centrifuged to cause precipitation or 
















