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The present invention relates to a reflective guest-

host liquid-crystal display device.

More particularly, the

present invention relates to technology for improving the

efficiency of utilizing incident light by removing a

polarizer.

Liquid-crystal display devices operate in various

modes.

At the present time,

the dominant mode is a TN

(Twisted Nematic) or STN (Super Twisted Nematic) mode in

which a twist-oriented or supertwist-oriented nematic

liquid crystal is used.

However,

in respect of operating

" principles, these modes require a pair of polarizers.

Since light absorption occurs in the polarizers,

transmittance is low, and a bright display screen cannot be

obtained.

which uses a dichroic dye has been developed.

In addition to these modes, a guest-host mode

A liquid-

crystal display device of a guest-host mode makes a display

by using the anisotropic properties of the absorption

coefficient of the dichroic dye added to the liquid

crystai.

- is used,

When the dichroic dye of a bar-shaped structure

the dye molecules have the property of being

oriented parallel to the liquid crystal molecules.

Therefore, when the molecule orientation of the liquid
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obtained. In addition to these nobdes, a guest-host nobde which uses a

di chroi c dye has been devel oped. A liquid- crystal. display device of a
guest - host node nmakes a display by using the ani sotropic properties of the
absorption coefficient of the dichroie 2lye added to the liquid crystal.
When the dichroic dye of a bar-shaped structure is used, the dye nol ecul es
have the property of being oriented parallel to the liquid crystal

nmol ecul es. Therefore, when the nolecule orientation of the |iquid
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o] e dye is also changed. Since whether or not the, dye devel ops a col or
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of the liquid-crystal display device by applying a voltage.

Figs. 7A and 7B show the structure of a Heilmeier-type

guest-host liquid-crystal display device. Fig. 7A shows a
state in which no voltage is applied, and Fig. 7B shows a
state in which a voltage is applied. This liquid-crystal
display device uses a p-type dye and a nematic liquid
crystal (Np liquid crystal) whose dielectric anisotropy is
positive. The p-type dichroic dye has an absorption axis
which is substantially parallel to tﬁe molecular axis, and
strongly absorbs polarized components Lx parallel to the
molecular axis and hardly absorbs polarized components Ly
perpendicular to the polarized components Lx. In the state
shown in Fig. 7A in which no voltage is applied, the
polarized components Lx contained in the incident light are
strongly absorbed by the p—typé dye, and the liquid-crystal
display device is made colored.. As compared with this, in
the state shown in Fig. 7B in which a voltage is applied,
the Np liquid crystal having positive dielectric anisotropy
is turned on in response to the electric field, and in
accordance with this, the p-type dye is also oriented in a

perpendicular direction. For this reason, the polarized



stat é in which nd voltage is applied, and Fig. 7B shows a state in which a
voltage is applied. This liquid-crystal display device uses a p-type dye
and a nematic liquid crystal (Np liquid crystal) whose dielectric
ani sotropy is positive. The p-type dicBreic dye has an absorption axis
which is substantially parallel to the nolecular axis, and strongly
absorbs pol arized conponents Lx parallel to the nolecular axis and hardly
absorbs pol ari zed conponents Ly perpendicular to the_polarized conponents
Lx. In the sbapeneshewhxi areiardly isbswiked n@nfolthegd lRyidppryedlt he
pol ari zed conponents Lx contained in the incident Iight are  strongly
abforbed by dilsplpyt dpuigpelsanade eoloRARTE cr yd¥ealothErs prafrd&fflce i s made
colored. As conpared with this, in the state show) in_ Fig._ 7B [n which a
vol tage is &9pPragntst k¥ NBiFRqRTe PRt dehan ﬁé‘ep&éﬁctlﬁ\%%dr‘-é%lét??%
anisotropy is turne n.in response to the electyic fiel and.in .
accor dance WPFhaPﬁP§ge%h?Yp§§9pgla§Ep+% I HIENTES P% ghepg?%éﬁa?cular
direction. - ' ' .
'on E%&IEQBSSE%-%ng %ﬂg Qgigéééeﬁkn—applled state. Therefore,
in the Heilmeier-type guest-host liquid-crystal display
device, a single polarizer is interposed beforehand to
remove the other polarized components Ly.
In the guest-host liquid-crystal display device using
a nematic liquid crystal, a dichroic dye which is added as
a guest is oriented in the same way as the nematic liquid
crystal. Although the polarized components parallel to the
orientation of the liquid crystal are absorbed, the
polarized components perpendicular to said first polarized
components are not absorbed. Thérefore, in order to obtain
a sufficient contrast, a polarizer is disposed on the
incident side of the liquid-crystal display device, and the
polarization direction of the incident light is aligned
with the orientation.of the liquid crfstalf However, when
this is done, since 50% (actually 40% ox so) of the
incident light is lost in principle by the polarizer, the
display becomes dark as in the TN mode. As a method of
reducing this problem, the mere removal of the polarizer

causes the on/off ratio of absorbance to be decreased

considerably. Therefore, this is not éppropriate, and



-3- conponents Lx are hardly absorbed, and the liquid-crystal display
device is nmade col orless. The other polarlzed conponents Ly which are
contained in the incident light are not absorbed by the dichroic dye
regardl ess of the voltage applied staté or the vol tage non-applied state.
Therefore, in the Heilneier-type guest-host |iquid-crystal display
device, a single polarizer is interposed beforehand to renove the other

pol ari zed conpanents Ly In the st | i qui d-crystal displa
devi ce u3|ngaré°H§n&@P€°VﬁaﬁPH %??%T%?g %F ﬁﬁ1zh%ls addgd gs a

guest is oriented in the sane e nematic UId s al . Al though
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pol ar.i zed onponents are not absorbed. Therefore, in order to obtain a
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as
i qui d- crysp i S evi ce | zat1on direction of the
|nC|dent llqgﬁefdﬁﬂgé QQQQ. In this method, the polarization

directions of two polarized components ;ocated
perpendicularly to each other are rotated by 90° in the
forward path and the backward path, and thus the polarized
éomponents are interchanged with each other. Therefore, in
the off state (the absorption state), each polarized
component will be absorbed in either the incident optical
path or the.reflection optical path. However, since a A4
phase shifter and a reflection plate are provided
externally in this structure, the liquid-crystal display
device itself must be made to be a transmission type. In
particular, in a case in which an active matrix type
structure is adopted to achieve a'high resolution and to
display a moving image, since thin-film transistors for
driving pixel electrodes are integrated on a substrate, the
pixel aperture ratio is low in the transmission type, and a
considerable portion of the incident light is shut out.
Therefore, even if the polarizer is removed, the screen of
the display device cannot be made to be markedly bright.
Meanwhile, as another measure, by making it possible.to

absorb all of the polarized components contained in the



with the orientation of the liquid crystal.- However, when this is done,
since 50% (actually 40%or so) of the incident light is lost in principle
by the polarizer, the display beconmes dark as in the TN node. As a net hod
of reducing this problem the nere renpbal of the polarizer causes the
on/ off ratio of absorbance to be decreased considerably. Therefore, this
IS not appropriate, and _ -4- vari ous
i mprovement measures have been proposed. For exanple, a construction has
been proposedn¢idemt chight dor rding § shodeskeyifr bawehe FRvsERht Bhisle,
while a [err]/4 phase shifter and a reflection plate are_npunted on the
emer gence siBelariFe¥ Fan ke Hugovete poiowevexri SRS ekRPidfRS A two

polr et componete Loud e PG UL LY o 2cech CLber. gLyttt ed
conponents agg. i pf erehanoed YL e 18l1 LREEEE 0T $euld crystal. |
A phase shifter will now be described below;
Genérally speaking, a phase shifter refers to a
birefringence plate (crystal plate) for providing a
predetermined optical path difference (therefore a phase
difference) between linearly polarized light vibrating at
mutually perpendicular directions when said light passes
through a plate. When the thickness of the birefringence
plate is denoted as d, ﬁhe refractive index of the linearly
polarized light which vibrates along the electrical
principal axes perpendicular to each other as nl and n2,

the optical path difference is given as |nl - n2|. Phase

shifters having optical path differences of A/4, A/2 and
AL (A is the wavelength of the light used in a vacuum) are
called a A/4 phase shifter, a A/2 phase shifter, and a A/1
phase shifter, respectively, and corréspoﬁd to phase
shifters of /2, ®, and 2T, respectively. For example, the
A4 phase shifter is a birefringence plate whose thickness
is so determined as to introduce an optical path.difference
of a 1/4 wavelength between the linearly polarized light

. which vibrates perpendicular to each other. A thin film or

the like in which a muscovite is cleaved to a proper



the off state (the absorption state), each polarized conponent will be
absorbed in either the incident optical path or the reflection optical
path. However, since a [err]/4 phase shifter and a reflection plate are
provided externally in this structure, ethe liquid-crystal display device
itself nust be made to be a transmission type. In particular, in a case in
which an active matrix type structure is adopted to achieve a high
resolution and to display a noving inmage, since thin-filmtransistors for
driving pi xehiekeetsodesuaed. i noegrateyrhtreticussinapdatener pheelikperture
ratio is lowin the transm ssion type, and a consjderable portion of the
i nci dent | i ght whdchhublegules Tare edviented cin dne Wargstirrzés P&efenpved,
the screen of the display device cannot be made tq be markedly _pright.
Meanwhi | e, #beandinenrAwapalarisgd gy Raviss & eSS 1oRpor Boal | of the
pol ari zed conponents contained in the . .
-5- with respect to the principal axis is made to enter this

plate, the transmitted light becomes circularly polarized

light.

The A/4 phase shifter has various uses, and in recent

years, it is used in a polarization control element.of a

flat-panel-type display, such as a liquid-crystal display

device. However, for a conventional A/4 phase shifter, a

thin film in which a muscovite is cleaved to a proper

thickness, a synthetic resin plate in which molecules are

oriented in one direction, or others is used. It is

difficult to prepare such a A/4 phase shifter of a large
area, and the A/4 phase shifter cannot be incorporated into
a large flat panel display. Further, since the
conventional A/4 phase shifter has a considerable degree of
thickness, it cannot be incorporated into the inside of a
liquid-crystal cell or the like which forms a flat panel
display., and serious structural limitations occur.
SUMMARY OF THE INVENTION

In order to solve the above-described problems of the
prior art, a reflective guest-host liguid-crystal display
device having the construction described below is proposed.

That is, the basic components of the reflective guest-host



inci dent |ight by using a cholesteric liquid crystal, the polarizer can be
renoved. However, this nethod has a drawback in that an hal ftone display
cannot be nade due to the strong hysteresis of the cholesteric liquid
crystal. A phase shifter will now7e descri bed bel ow. General ly
speaki ng, a phase shifter refers to a birefringence plate (crystal plate)
for providing a predetermned optical path difference (therefore a phase
di fference) between linearly polarized light vibrating at mutually

per pendi cul driqiidectiysnalwiéspday ddéeviybe phstes prasemiglinyepitaca. Wien t he
thi ckness of the birefringence plate is denoted as d, the refractive index
of the |inedmcjludeokarfiizet subhtranechoyibrerising dngidedtelldghti cap
princi pal axes perpendicular to each other as nl and n2,  the optical path
di fference iwhighysubgérate typnsppreat ehesterdehArenddmecar sacAnd
differences of [err]/4
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exanpl e, tfu% predetermined spacing; and an electro-optical element
which is heid in said spacing and which performs bptical
modulation. The electro-optical element includes a
lamination structure containing a guest;host type liquid-
crystal layer which contains a dichroic dye and which is
uniformly oriented with respect to thé transparent
electrode, and an optical thin-film layer which has a
predetermined optical anisotropic axis and which is formed
along the reflective film. The liquid-crystal layer
changes between an absorption state and a traﬁsmission
state in response to an appliea voltage. In the
absorption state, the 1iquid—cfysta1 layer substantially
absorbs first vibration components contained in the
incident light, and is substantially éermeable to second
Qibration components perpendicular to the first vibration
components. In the transmission state, the liquid-crystal
layer is substantially permeable to both vibration
components. The optical thin-film layer is interposed in

the forward and backward paths of the second vibration

components reflected by the reflection electrode, the



[err]/4 phase shifter is a birefringence plate whose thickness is so
determ ned as to introduce an optical path difference of a 1/4 wavel ength
between the linearly polarized |ight which vibrates perpendicular to each
other. Athin filmor the like in whi &-a nuscovite is cleaved to a
proper _ - 6- t hi ckness is used. O, a
synthetic resin plate or the like in which nolecules are oriented in one
direction is used. Wien linearly polarized |light having a_direction of
45[err] wi skcoadprébrasicheconborepss a5¢ WG datontde £RFST plate,
the transmtted |ight becomes circularly polarized |ight. The
[err}/4.phayéb§ﬁ¢ﬂ9@rCﬁ@§°OGPF6uénﬁsﬁg?s%wﬁPWQPW%ﬁﬁﬁﬂFe st is used in
a pol arization control elepgent of a  flat-panel-type display, such as a

| i qui d- cr ystdaudtsFrXF taded P¥ET FBmE@%rgb?%%p%ﬁ%%ﬁsﬁﬁf?oﬁgﬁyFErr]/4 phase

shifter, a AN T R GReR DUSSOVELE LPeflfY Shd 3ot iR3PRhin-
film layer is formed from a polymer liquid-crystal material
céntaining liquid-crystal molecules which are uniaxially
oriented along the optical anisotropic axis, and functions
as a A/4 phase shifter. In addition, the electro-optical
element contains a passivation layer .which is interposed
between the optical thin-film layer and the liquid-crystal
layer, which passivation layer physically separates the
optical thin-film layer and the liquid-crystal layer from
each other so as to protect the polymer 1iquid—crysta1
material.

Preferably, the passivation layer has the function 6f
causing.the liquid-crystal layer to be homeotropically
oriented or homogeneously oriented. Further, preferably,
the passivation layer is formed from a'photosensitive
material, and can be formed into a paétern_by an exposure
and development process. Stili further, preferably, the -
optical thin-film layer is formed into a pattern as well
with the passivation layer which is formed into a pattern
as a mask.  Yet still further, preferably, the optical
thin-film layer contains coloring areas which are divided

into the three primary colors, and a pattern is formed for



thi ckness, a synthetic resin plate in which nolecules are oriented in one
direction, or others is used. It is difficult to prepare such a [err]/4
phase shifter of a l'arge area, and the [err]/4 phase shifter cannot be
_incorporated into a large flat panel di%ptay. Further, since the
conventional [err]/4 phase shifter has a considerable degree of thickness,
It cannot be incorporated into the inside of a l|iquid-crystal cell or the

like which forms a flat panel display, and serious strucfural limtations
occur. SUM@ERh o IENNGENH eRd color| A1bEREF 3 SV he |

above-descri bed probl ens of, the Egrior art | ectiv uest - host -
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state are absorbed by a dichroic dye which is oriented in
the same direction. However, since the vibration
components perpendicular to this intersect the orientation
of the dye molecules, they are hardly absorbed. In other
Qords, the vibration components hardly regeive light
modulation. However, according to the present invention,
these vibration components pass fhrough the liquid-crystal
layer, after which they enter the optical thin-film layer.
Further, after the vibration components are reflected by
the reflection electrode, they pass through the optical
thin-film layer again. Therefore, it follows that these
vibration components have passed two times through the
optical tﬁin—film layer which funétions as a A/4 phase
shifter, and their vibration direction (the polarization
direction) is rotated 90°. In doing so, since the
direction coincides with the orientation direction of the
liquid crystal in the absorption state, these vibration
compdnents are absorbed. In this way, since all the
vibration components contained in the incident light are
always absofbed in.eiﬁher the forward path or the backward
path, an external polarizer is not required. Therefore,

even if the polarizer is removed, a contrast which is



include a first substrate for receiving incident light, on which substrate
transparent electrodes are fornmed; a second substrate which has a
reflective filmformed thereon and which is positioned so as to face the
first substrate with a predeterm ned sbactng, and an el ectro-opti cal
element which is held in said spacing and which perforns optical

nmodul ation. The el ectro-optical elenent includes a |amnation structure
containing a guest-host type liquid- crystal_I|ayer mthh.conEains a

di chroi ¢ dysukssamkiehlyscouparaphe v rihafkt Rf & (1 APEEPESEOPo *YRE

transparent electrode, ,and_an optical,thjn-film]layer ich.h
prﬁﬁeterningﬁeéﬁfheéF éﬁgEB@FSﬁYQt%iiél%éi?%%ﬁ%ﬁ%qeéanghgd%Oé %zagfhe
reflective fil The li.qui,d-crystal |ayer changes between an absorption
state and aCFPghgnngﬁéﬂedState in response to an applied voltage. In the

absor pti on stat et gl 1aul.0s fLYSial haveresubstaidlion, absorbs first
e 1

vi brati on conponéents contal ned [n cident lirght, and is substantially
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i s substantigghly 1p¢ereablieche POERiFLOFREEAN layer which constitute
the above;described electro-optical element. This
passivation layer physically separates the optical thin-
film layer and the liquid-crystal layer from each other so
as to protect the polymer liquid-crystal material. Since
the optical thin-film layer formed from a polymer liquid-
crystal material is separated from the guest-host type
liquid-crystal layer by this passivation layer, a ligquid-
crystal display device which is free from ﬁutual
dissolution and having high reliability can be obtained.
If this passivation layer were not interposed, the optical
thin-film layer comes into direct contact with the liquid-
crystal layer, and the polymer liguid-crystal material from
which the optical thin-film layer is formed might be
dissolved into the guest-host type liquid-crystal layer.
Further, when a selection of a material for this
_passivation layer is appropriately maée and the passivation
layer is subjected to a process, such as rubbing, it is
possible for the passivation layer to function as an

alignment film. That is, the guest-host type liquid-



conponent s. The optical thin-filmlayer is interposed in the forward and
hackward paths of the second vibration conponents reflected by the

reflection electrode, the - 8- second
vi bration conmponents are converted intol¥he first vibration conponents and
t hese conponents reenter the |iquid-crystal layer in the absorption state.

As a feature, in the electro- optical el ement, the optical thin- film

| ayer is formed froma po UId t al t. taini
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| ayer, whi cA 5 paSS|vat ysica €parates t optlca thin-film
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pol ynmer |iquid-cryst
costs can be reduced. In addition, since a photosensitive

material is used as a passivation layer, patterning is
possible by an exposure and dévelopmént process. By using
a patterned passivation layer as a mask, color filters can
be formed on a substrate, making it extremely easy to cause
a reflective guest-host liquid-crystal dlsplay device to
make a color display. To be specific, by using the
patterned passivation 1ayer as a mask, the optical thin-
film layer can be divided into coloring areas which are
separated into the three primary colors, and these areas
can be used as color filters.

A method of depositing a polymer ligquid crystal which'
forms an optical thin-film layer in accordance with the
present invention comprises the following steps.

Initially, an orientation step_is performed to orient the
surface of a transparent substrate along a predetermined
orientation direction. Next, a film deposition step is
performed in which a polymer liquid-crystal material
capable of making a phase transition between a nematic
liquid-crystal phase on the high temperature side and a

glass-solid phase on a low temperature side with a



mat efi al . Preferably, the passivation |ayer has the function of
causing the liquid-crystal |ayer to be honmeotropically oriented or
honogeneously oriented. Further, preferably, the passivation |ayer is
formed froma photosensitive materiat,land can be formed into a pattern by
an exposure and devel opnent process. Still further, preferably, the
optical thin-filmlayer is forned into a pattern as well wth the
passivation |layer which is forged into,a patter

" - . _Yet, il
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| _ _ Cryste rol sorption state are absorbed
by a dIChrc”éhéhgaﬁMyfgﬁé isohégegadtéﬂporarily above the transition

point, it is slowly cooled down to the room temperature
below the transition point, and a uniaxial Sptical thin
film is formed by orienting the depositéd polymer liquid-
crystal material along the brientation direction. By
controlling the film thickness of the uniaxial optical thin
f£ilm, it is possible to provide the function of the A/4
phase shifter.

Preferably, in the orientation step, an alignment film
of a polyimide film or the like is deposited on the surface
of the substrate, after which the polyimide film is rubbed
along the orientation direction. Still preferably, in the
film deposition step, a polymer ligquid-crystal material is
depositedaby spin coating, aipping, or printing. Yet still
preferably, in the heat-treating step, a polymer liquid~
crystal material having a transition point of above 100°C
and having liquid-crystal molecules introduced into the
main chain or the side chain of the polymer is heated or
slowly cooled.

The A/4 phase shifter obtained in this way can be

easily formed into a large area, and can be incorporated

into a large flat panel display. Further, since the A4



the same direction. However, since the vibration conponents perpendicul ar
to this intersect the orientation of the dye nol ecules, they are hardly
absorbed. In other words, the vibration conponents hardly receive |ight
nmodul ati on. However, according to the-ptésent invention, these vibration
conponents pass through the liquid-crystal layer, after which they enter
the optical thin-filmlayer. Further, after the vibration conponents are

reflected by the reflection electrode, the ass through the.optical
thin-film | Brasaghiftemdass 6 sbipr T bm 65\%‘1‘5}?\%% He"selgs \H%Sr%?’ﬁ n%°
conponents have passed two tines throu the .optical thin-{fi l.ayer which
functions aafiet r‘]nlcé?rﬁ‘fﬁ?é;e %%i f‘PéP, ggﬁdl{lﬁ%‘? _?/]T&ball’ a ]iqﬁlnlédiér csttlgén (the
pol ari zati on i recti.on),.,s rotate n ' -t he direction
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since all the vibration conponents contained in the incident |light are
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external polarizer is not required. Therefore, even if the polarizer is
renmoved, a oM rastl1 i detailed description when read in connection

with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are a sectional view and a plan view -
illustrating the best mode of a reflective guest-host
liquid-crystal display device according to the present
invention;

Fig. 2 is a sectional view iliustrating the operation
df the reflective guest-host liquid-crystal display device
shown in Fig. 1;

Figs. 32, 3B, 3C, 3D and 3E are process charts
illustrating the method of depositing an optical thin-film
layer and a passivation layer which are incorporated into
the refiective guest-host liquid-crystal display device
shown in Fig. 1;

Figs. 42, 4B and 4C are chemical structure views
illustrating an example of a polymer liguid-crystal
material from which the optical thin-film layer is formed;

Fig. 5 is a schematic partial sectional view

illustrating a preferred embodiment of the reflective



- 10" - substantially ‘conparable to that of a transm ssion-type

guest - host |i qui
In the nmeanti ne,

d-crystal display device with a polarizer can be obtained.
in the present invention, a passivation |ayer is

i nterposed between the optical thin- -fl#ntlayer and the liquid-crystal
| ayer which constitute the above-described electro-optical elenent. This
passi vation | ayer physically separates the optical thin- filmlayer and

the liquid-crystal |ayer frqomeach other so s to protect. th
| i qui d- cr ysodieskatestal a8t AcerYEhal ot $R Yté%?ﬁﬂ% %ﬁFP&%&ngngg% fre

pol ymer 1|i qui d-

froma
crystal nmaterial is separated fromthe guest-host type

| i qui d- cr ys®HCSeR e W P87 passi vation layer, a liquid- crystal display

device which is
can be obt ai ned.
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illustrating a method of manufacturing the reflective

guest-host liquid-crystal display device shown in Fig. 5;

Figs. 7A and 7B are sectional views illustrating a

conventional reflective guest-host liquid-crystal display

device;

Fig. 8 is a schematic partial sectional view

illustrating another embodiment of the present invention;

Fig. 9 is a schematic partial sectional view

illustrating yet another embodiment of the present

invention; and

Figs. 10A, 10B and 10C are process charts illustrating

the best mode of a method of depositing a polymer liquid

crystal according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1A and 1B show the best mode of an embodiment of

a reflective guest-host liquid-crystal display device

according to the present invention. As shown in Fig. 1A,

this

device is assembled by using an upper substrate 1 and

a lower substrate 2. The upper substrate 1 is made of

glass or the 1iké, and is formed with a transparent

electrode 3 so as to receive incident light. This

transparent electrode 3 is, for example, patterned in a



If this passivation |ayer were not interposed, the optical thin-filmTayer
comes -into direct contact with the liquid-- crystal layer, and the polyner
l'iquid-crystal material from which the optical thin-filmlayer is forned
m ght be dissolved into the guest-hostldype |iquid-crystal |ayer.

Further, when a selection of a material for this passivation |ayer is
appropriately nade and the passivation |ayer is subjected to a process,
such as rubbing, it is possible for the passivation |ayer tg function as
an al i gnnestripenshargt alengt Hae gt td et t1%fe |Fi°efme§-y on the lower

crystal layer _in contact with e passivation |ayer n be .-honeot r opi cal
0{ honogene&&?ﬁ?rﬁFFeﬁtéﬁ.aTﬁ@%ge?glﬂ% heF IE Separdtel f%FSggaa aﬁ Y
alignment film there is no_ increase in the nu r. Qf , t he
nanufacturiﬁﬁec55§%§ éaﬁsbefPﬁdﬁﬁgﬁpf?h %%%#:?%%?%gﬁghéﬁgq %ofgg Asitive

mat eri al isa.%%% %%eacgﬁﬁ%hVQELSQtiéﬁ?r’Tﬁé§éf%fgiulﬂé3transparent

electrode 3 and the reflection electrode 4 intersect each

other in a matrix form, and a simple matrix-type liquid-
crystal display device is obtained. The lower substrate 2
is positioned so as to face the upper substrate 1 with a
predetermined spacing. An electro-optical element 5 is
held in this spacing and performs optical modulation in
response to a voltage applied between the transﬁarent
electrode 3 and the reflection electrode 4. The electro-
optical element 5 has a lamination structure including a
guest-host type liquid-crystal layer 6 and an optical thin=
film layer 7. The guest-host-type liquid crystal layer 6
contains a dichroic dye 8 and is uniformly oriented along
the transparent electrode 3. The optical thin-film layer 7
has a predetermined optical anisotropic axis and is formed
along the reflection electrode 4.

The liquid crystal layer 6 changes between an
absorption state and a transmission state. Fig. 6A shows
an absorption state in which first vibration components X
contained in the incident light are substantially absorbed,
and second vibration components Y perpendicular to the

first vibration components X are substantially passed



possi bl e by an exposure and devel opnent process. By using a patterned

passi vation |ayer as a mask, color filters can be fornmed on a substrate,
| i qui d-crystal

making it extrenely easy to cause a reflective guest-host

di splay device to make a color displayléTo be specific, by using the
patterned passivation |ayer as a mask, the optical thin- filmlayer can be
divided into coloring areas which are separated into the three primary

colors, and these areas can be used as color filters

dep03|t|ng &hyengher FPqGPHtE?§§ta}nv%ﬁ?ﬁFr?QﬁWﬁfs&ﬁnoﬁF953P

I n accordance with the Eresent I nve on co rlse Eﬁ
Initially, YAPEAtEAPaFfPBROBERRS] $ r?ﬁﬁiﬁ F Ke
transparent substrate_al o t t
fl|ﬁ1depOSIF$6ﬁ ug éep ﬁ? §§WP0$ gﬁ eé éﬂggﬁgh%?ggg i
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and a gl aSs-solid phase

i qui d- cryspgp phase tenperature s

S
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Pﬁrﬂ?thOd of

filmlayer

%'as%‘é“ ng steps.

urface of a
gcghgge Next,
cryst
tic

on a low t enpgrakuie %hﬂelﬂﬁabc@rdance with this, the dichroic dye 8

is also horizontally oriented. In this example, an

absorption state is realized with no application of

voltage, and the liquid-crystal layer 6 changes to a

transmission state with the application of voltage.

For

this reason, the nematic ligquid-crystal molecules 9 have

positive dielectric anisotropy and are controlled at a

horizontal orientation (homogeneous orientation)

beforehand. On the contrary, the absorption state shown in

the figure can also be realized with the application of a

voltage. In this case, nematic liquid-crystal molecules 9

having negative dielectric anisotropy are used.

I

n such a

structure, the optical thin-film layer 7 is interposed in

the forward and backward.paths of the second vibration

components Y which are reflected by the reflection

electrode 4, the second vibration components Y are

converted into the first vibration components X, and these

components reenter the liquid-crystal layer 6 in the

absorption state.

The optical thin-film layer 7 functions as a A/4 phase

shifter. As shown in Fig. 1B, the optical anisotropic axis

a



- 127 - _predeternmined transition point as a boundary is deposited to a
predeterm ned filmthickness on the substrate. Finally, a heat-treating
step is perforned in which after the substrate is heated tenporarily above
the transition point, it is slowy cooléd down to the room tenperature

bel ow the transition point, and a uniaxial optical thin filmis fornmed by
orienting the deposited polyner liquid- crystal nmaterial along the
orientation directiqn. By controlling the, filmthicknes t he uniaxi al
oEt i cal thi FheEeh 1PtteF§e65§sF%Fe°¥bgrb?%H%ré ‘{nlrfeeq‘tulr?é’t i°§n%o {1 REULEr 1]/ 4
phase shifter. Prefera , 40 the.ori [ { ,gament film
of a polyi mde TR MY Fnd™ ?k‘é ?igs%r g%??e%@%%étod; a?u%?igc%n 02:‘ 4’? he

substrate, as{h,tqerdiw#qo h%fp(‘)‘.{"éi ﬁfgﬁa{:%ﬂéiéf ruobed - HPRE YR 105 ent ation

direction. I""preterably, _ m deposition step, a polyner
:D'r aul f';] ;_f yf{;cfémé{aﬁtel%rt'sa& |(2nedeRASLEEY PY18P1Fed ORLdHT cilitiidits ) O
which have passed through the absorption state is
perpendicular to the orientation direction. Further, the
second vibration components Y intersect the optical )
anisotropic axis at an angle of 45°. When the second
vibration components Y (the linearly polarized light

components) are passed through the A/4 phase shifter, they

are converted into circularly polarized light. When this
circularly polarized light enters the X/4 phase shiféer
again after being reflected by the reflection electrode, it
is converted into linearly polarized 1ight (the first
vibration components X) which is perpendicular to the
second vibration components Y. The first vibration
components X which are converted in this way will be
absorbed by the liquid crystal layer 6 in the absorption
state.

As a feature of the present invention, in the electro-
optical element 5, the optical thin-film layer 7 is formed
from a polymer liquid-crystal material containing liquid-
crystal molecules which are uniaiially oriented along the
optical anisotropic axis. The electro—optical element 5

further includes a passivation layer 11 which is interposed



preferably, in the heat-treating step, a polymer liquid- crystal material
having a transition point of above 100[err]C and having liquid-crystal
nol ecul es introduced into the main chain or the side chain of the polymer
is heated or slowy cool ed. Th€|ﬂ§r1/4 phase shifter obtained in
this way can be easily formed into a large area, and can be incorporated
into a large flat panel display. Further, since the [err]/4
- 13 - phase shifter has., a thin-fil.m str uge, st g ible to
sﬁsily i ncor POFEEE™ i TIF ntR %%%Hr?slindeélomf‘“ t&a&i%%u?d?ﬂl?ygi?%l PR or the Iike

ich forns f p I SRLa : b nelq f ects,

& %?élfg%f rc%,Eﬂﬁ¥%? pass1§gﬁﬁo% Qﬁﬁeg 41 f BhiBeEa PR}

aspects and no¥ ures e’lnvention w econme nore apparent from

the fol | owi ngegetatLed:HERCed Rid Olb ISR dRAGHEN J62PRBE! Lol by dtha

acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE 5%%MVNGS
material. Since the optical thin-film layer 7 is spaced
apart'from the ligquid-crystal léyer 6, a display device
free from mutual disselution and having high reliability
can be obtained. In addition, this passivation layer 11
has the function of causing the liquid-crystal layer to be
homeotropically oriented or homogeneoﬁsly oriented. 1In
this example, the liquid crystal layer 6 is homogeneously
oriented at an angle difference of 45° with respect to the
optical anisotropié axis. Besides, an alignment film 10 is
formed also on the inner surface of tﬁe-upper substrate 1,
and a desired homogeneous orientation is realized by
causing the liquid-crystal layer 6 to be held from above
and below by the alignment film 10 and the passivation
layer 11 having an orientation function. In some cases, a
photosensitive material may be used fér the passivation
layer 11, and this layer can be patterned by an exposure
and development process. In this case, the optical thin-
film layer 7 can be patterned similarly with the patterned
passivation layer 11 as a.mask. For example, by
selectively removing the passivation layer 11 from the
peripheral portion of the lower substrate 2, the sealing

properties with respeét to the upper substrate 1 can be



Figs. 1A and 1B are a sectional view and a plan view illustrating the best
node of a reflective guest-host |iquid-crystal display device according to
the present invention; Fig. 2 is a sectional viewillustrating the
operation of the reflective guest - hoSt ?qu|d crystal display device

shown in Fig. 1; Figs. 3A, 3B, 3C, 3D and 3E are process charts
illustrating the nethod of depositing an optical thin-film layer and a

| I Vuh I ‘I I . i -

i qui d- cryst§1 f Fom I ca n-filmlayer is orned

Fig. 5is aé?ﬁi%?ﬂ%@ op%BEhaEh§e8££98§i Hﬂfﬂlfllﬂl¥§ﬁé¥'7ngn%opreferred

enbodi ment l'ect
patterns in order to prov1de coloring areas which are

divided into the-three primary colors. That is, it is also
possible for the optical thin-film layer 7 to be formed ‘
into patterns for each coloring area in order to form color
filters.

Fig. 2 shows the transmission state of the liquid-
crystal layer 6, in which the nematic liquid-crystal
molecules 9 are vertically oriented. In accordance with
this, the dichroic dye 8 is also orientea vertically.
.Therefore, both the first vibration components X and the
second vibration components Y practically completely pass
through the liquid-crystal layer 6. In the reflected
light, the first vibration components and the second
vibration components are only}interchanged with each other,
and the reflected light does not undergo light modulation
whatsoever. The nematiclliquid-crystal molecules 9 whose
dielectric anisotropy is positive are turned on in response
to the applied voltage, and change to vertical orientation.
Further, as described above, it is also poésible to realize
vertical orientation of the nematic liquid—crystal
molecules 9 without the application 6f a voltage. That is,

by appropriately selecting a material or the like for the



- 14 - guest-host liquid-crystal display device according to the
present invention, Figs. 6A, 6B, 6C, 6D and 6E are process charts
illustrating a method of manufacturing the reflective guest-host
l'iquid-crystal display device shown in %@g? 5; Figs. 7A and 7B-are
sectional views illustrating a conventional reflective guest-host

| i quid-crystal display device; Fig. 8 is a schematic parti al

sectional view illustrati anqt her enbodi nent_ of e.present .in tion;
th.dg is aag ﬁﬁﬂ&PFcfﬁiptgglaggc '%h%?s%%%ﬁ§l?qfiﬁ?%&é&ﬁdgiﬁe sangfﬂelon
enbodi nent of t resent . in tion. O s i a B QS-511 C
process chaﬂoésilﬁl%s?'lpafﬁﬁae ¥ﬁ§ }B%E?t%d]élcﬁl% C!r?é%r?g g%%'l(jeégggig?ignéga e

T’ PREFERAES HOBGOLRERYor ToA e (ohQRrERssadiny WATEHLaR c Tade'af an
embodi ment s Hebkedll ¥¢quyasErPeshl | haubshTey S alhdlies pidy edeviee
anisotropy is negative are used, and are changed to
horizontal orientation in response to the application of a
voltage. At this time, in order to make the horizontal
qrientation direction constant, the nematic liquid-crystal
moiécules'9 are provided with a pretilt beforehand in the
vertical orientation state. 1In any case, it is necessafy
to form the alignment film 10 on the optical thin-film
layer 7 and to control the orientation state of the liquid
crystal layer 6. For example, if a polyimide film or a
polyvinyl alcohol film is formed on the surface of the
optical thin-film layer 7 and is subjected to a rubbing
process, a desired homogeneous orientation can be obtained.
Or, in place of this process, the surface of the optical
thin-film layer 7 may be directly rubbed. However, the
rubbing direction is set so as to be inclined 45° with
respect to the optical axis of the optical thin-film layer
7. |
Next, referring to Figs. 1 and 2, a specific structure
'~ of the best mode of the embodiment will be described in
‘detail. In this liquid-crystal display device, the liquid

crystal layer 6 is composed of the nematic liquid—crystal



according to the present invention. As shown in Fig. 1A, this device is
assenbl ed by using an upper substrate 1 and a |lower substrate 2. The upper
substrate 1 is made of glass -or the like, and is forned with a transparent
el ectrode’3 so as to receive incident-I2§ht. This transparent el ectrode 3
I's, for exanple, patterned in a - 15 -
stripe shape along the row direction. Fornmed on the |lower substrate 2 is a
reflection electrode 4. The_ref]lectjon electrode 4 .

patterned i Molestlisge Ssh¥pe™h & BAGKheT coPtih e ikgﬁbégkéiéggggf’the
L anopanent lepate s g celbesti B0 sghgate pmeTsgEt S
dovi e 12 LIS, B ULV ALALE £ Ao RASILON Gt kasioce (e
5is heldig {Hi%SPaGH0 239 B8 EAT BBe0PLLEE! 4 R URId UE i metal |
' film having a high reflectance, such as aluminum or silver.
Therefore, this display device is formed into a reflective
display. Formed on the reflection electrode 4 is a |
ﬁransparent'optical thin-film layer 7 which is capable of
providing a phase difference of A/4 with respect to the
wavelength of the visible region (400 to 700 nm). When the
liquid crystal layer 6 is horizontally oriented, the
optical anisotropic axis of the optical thin-film layer 7
is designed to make_an angle of 45° with réspect to the
orientation direction of the liquid-crystal layer 6. When
the liquid crystal layer 6 is vertiqally oriented
beforehand, the optical anisotropic axis is set so as to
have an angle of 45° with respect to the cosine direction
of the 1iquid—crystal molecules 9 having a pretilt angle.
The optical thin-film layer 7 is formeéd from a polymer
liquid-érystal material containing liquid crystal molecules
which are uniaxially oriented along the optical anisotropic
axis. For example, a polymer liquid-crystal material
(aromatic polyester which is a liquid crystalline polymer,

a siloxane resin or the like) is used, and is aligned on a

- substrate at a temperature of the nematic phase or the



response to a voltage applied between the transparent electrode 3 and the
reflection el ectrode 4. The electro- optical elenent 5 has a | am nation
structure including a -guest-host type liquid-crystal layer 6 and an
optical thin- filmlayer 7. The guest-R@st-type liquid crystal |ayer 6

contains a dichroic dye 8 and is uniformy oriented al ong

t he transparent

electrode 3. The optical thin-filmlayer 7 has a predeterm ned optical
ani sotropic axis and is formed along the reflection glectrode 4. The

liquid cr yst%ﬂecF%lférA EPftarﬁﬁ*rg be&t WodFhant 4BsHPpYT RN

stat’eHhd a

transn155|on state g abs fi
vi bration co QRﬁméixﬁgﬁ |ﬁ%Pﬁe %ﬁEPBEh?a %%%naﬁﬁﬂgﬁﬁgwﬁﬁtlally
absor bed, eiq%glbehata LUIONRALS L esw@ﬂgaculmaeﬁoatm first

V|brat|on conpon
- 16 -

are su stant| | I'y passed

layer is formed by using a polymer liquid-crystal material

having a high refractive index anisotropy (An), its film

thickness can be made sufficiently thin. Therefore, since

the A/4 layer can be coated on the reflection electrode,

the process of manufacturing the display device can be

simplified. The passivation layer 11 is interposed between

the optical thin-film layer 7 and the liquid-crystal layer

6. For the passivation layer, a photosensitive material

may be used, so that it can be patterned by exposure and

development. For the photosensitive material,

an agqueous

solution of polyvinyl alcohol (PVA), to which is added a

very small amount of ammon bichromate for causing an

photocrosslinking reaction to occur may be used, and this

material can be coated -on a substrate by spin coating or

the like. PVA has excellent orientation properties for the

ligquid-crystal layer 6, and is suitable as the passivation

layer 11.

Next, referring to Figs. 1 and 2, the operation of the

present invention will be described in detail.

reflective guest-host liquid-crystal display device of the

A case will

be considered in which light enters from outside in the

horizontal orientation state shown in Fig. 1A.

First, the



through. In contrast, in the transm ssion state, both vibration conponents
X and Y are Substantially passed through. As shown in the figure, in the
absorption state, nematic liquid-crystal nolecules 9 are horizontally
oriented, and in accordance with this,~ 28e-dichroic dye 8 is also
horlzontally oriented. In this exanple, an absorption state is realized
with no application of voltage, and the |iquid- crystal | ayer 6 changes to
a transmssjon, state wi.th the application o For. ason,

thg nemati c +?T¢ﬁ?r§n%EHQﬁ] SRR BELCeDSaIREGE o§???€%t%ﬁ%ﬂ%%t%ﬁ%91§ Sot ropy

and are cont I h

bleforghang | de %afrf]r%ﬁff{f{ ks 3%815:'5? Rofin '9? g&l& SRR e PR
t,h t '

f‘l ZSI dec:?/gt‘lé‘%e?r%&% 0 L gasfl@ldec%th' O30%8 os }139 on ! SohfbfefdS 8 digmati C

: aV|ng neg Jative ric anisotropy are used.
In such a s ur £al Dl Iggeghgtlgflgﬁgrpgiggijn t he
forward and %égéﬁar%m%apﬁ:qgﬁi énig%bn% rati on conponents Y which are

reflected byl dﬁ&éffié‘f&%ﬁ tl&F tar&d%béorioaa soCeRd &ibkasie®nggoOPonents Y
are converted into the first V|brat|on conponents X, and these :

which is oriented in the same direction. However, since
the second oscillation components Y are perpendicular to
the orientation direction of the dye molecules, they are
not absorbed at all. Therefore, the second oscillation
components Y pass through the liquid-crystal layer 6, and
further enter the optical thin-film layer 7 which functions
as a A/4 phase shifter. Further, the second oscillation
components Y are reflected by the reflection electrode 4
and pass through the optical thin-film layer 7 agaih. It
follows that the second oscillation components Y have
passed two times through the optical thin-film layer 7 in
respect of the forward and backward paths, ana their
polarization direction is rotated 90°. Therefore, since,
this time, the polarization direction coincides with the
orientation direction of the liquid-crystal layer 6, light
is absorbed. In this way, since all of the vibration
components contained in the incident light are absorbed in
either the forward path or the backward path, a contrast
combarable to that of a transmission-type guest-host

ligquid-crystal display device with a polarizer can be



conponents reenter the liquid-crystal layer 6 in the absorption state.

The optical thin-filmlayer 7 functions as a [err]/4 phase shifter. As
shown in Fig. 1B, the optical anisotropic axis

- 17 - thereof intersects the orientd#ion direction of the liquid
crystal layer in the absorption state at an angle of 45. The direction of
the vibrations of the second vibration conponents Y (the linearly

pol arized light co onents) which have passed through the absorption state
is perpenchégﬂﬁﬁnéa;WNQQQﬁq énPaLPBRZ8Frecti on. Further, the second

vi bration conponents Y. ntersect the optical ..anisotropic axi.s at.an angle
of 45. Wen the sptfc%d‘(flr’\ﬁ bPafitdn donBBnSHPLIY T e ié;eaor lélpc% tatrl'Llezed

li gh ; '
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converted irt Fg circalarl’y polarized

light enter Sbet Qfes[cﬁrirﬂe{(fl i‘}p%%%aﬁ.lii.f t fhitially, in step (Fig. 33),

after the substrate 2 made of glass or the like is cleaned,
a metallic film is formed on the surface thereof by a
sputtering process or a vacuum deposition process. This
metallic film is patterned into a predetermined form and
processed into the reflection electrode 4. Next, the top
of the reflection electrode 4 is covered with a base
alignment film 13.- This base alignment film 13 is
subjected to a rubbing process along a predetermined
direction. Further, a polymer liquid—crystal material is
coated on the base alignment film 13. This polymer liquid
crystal is a polymer liquid crystal of a side chain type in
which, for example, mesogen of an ester benzoate type is
formed into a pendant. 3 to 5‘wt.% of this polymer liquid
crystal is dissolved into a solution in which cyclohexane
and methyl ethyl ketone are mixed at.a ratio of 8:2. This
solution is spin-coated at a rotation speed of, for
example, 1,000 rpm, causing a polymer liquid crystal to be
deposited on the glass substrate 2. Thereafter, the
substrate is heated to a temperature at which the polymer
liquid crystal temporarily reaches an optically isotropic

state. Then, the heating temperature is slowly decreased



agai-’n after being reflected by the reflection electrode, it is converted
into linearly polarized light (the first vibration conponents X) which is
perpendi cular to the second vibration conponents Y. The first vibration
conponents X which are converted in thi&5way will be absorbed by the
liquid crystal layer 6 in the absorption state. As a feature of the
present invention, in the electro- optical element 5 the optical
thin-filmlayer 7 is formed froma polyner |iquid-crystal material
contai ni ng |feuitthe satmAtaticePares tiFPEADaFBe URPEBAT XF IBP31T aﬂdgd'—% ong
the .optical anisotropic axis. The electro-optical_e enrrent 5  further
i ncl udes a pPeREITRtEOHENREGO™ L epREER LS ﬁFgFﬁoseﬁn the nematic
- 18 - bet ween the optijcal thin-filml r.7 and the.liqui d- ., crystal
| ayer 6, \r/]vhiW?ﬁssﬁl}ﬁaﬁ?%]rwed&&;qﬁdpﬁ§¥isgéﬁl y° g%ﬁ%?%?%séwﬁts}be as to
" e _ -
protect the £ﬁ%ﬁ¥§g Aié%gékéKBG%iyhe base alignment £ilm 13, and a
desired uniaxial orientation property can be obtained.
This uniaxial orientation state is fixed by returning the
substrate 2 to room temperature. With such an annealing
process, the liquid-crystal molecules contained in the
polymer liquid-crystal material are uniaxially oriented,
and a desired optical thin-film layer 7 can be obtained.
The process proceeds to step (Fig. 3B) where a
photosensitive material 1lla is coated on the optical thin-
film layer 7. For example, an aqueous solution (0.1 to 5
wt.%) of PVA is spin-coated. At this time, in order to
cause a photocrosslinking reaction of PVA to occur in the
aqueous solution, for example, a very small amount of ammon
bichromate is added beforehand. Next, thé process proceeds
to step (Fig. 3C) where an exposure process is performed by
a mercury lamp or a xenon lamp by using a desired mask M.
Further, the process proceeds to step (Fig. 3D) where when
a water washing process is performed, that portion of the
photosensitive material 1lla which is not exposed dissolves
into water, and the passivation layer 11 formed from the

polymer of patterned PVA is formed. Finally, in step (Fig.

3E), when the substrate 2 is soaked into n-butanone by



nmaterial. Since the optical thin-filmlayer 7 is spaced apart fromthe
liquid-crystal layer 6, a display device free fromnutual dissolution and
having high reliability can be obtained. In addition, this passivation

| ayer 11 has the function of causing-tBé Fiquid-crystal |ayer to be
honmeotropi cally oriented or honpbgeneously oriented. In this exanple, the
liquid crystal layer 6 is hompbgeneously oriented at an angle difference of
45[err] with respect to the optical anisotropic axis. Besi des,. an '
al i gnnent fiYsAne this masfyadien daveRellnRra SRtk FRAT BT UsPert
substrate 1, = and a desired hqnogeneous_orjentation is realized causi ng
the |iquid- crBRteRt IS letiE Dy 1&8‘ ﬁé‘V&rf 70}#‘&5 vES cboé‘feoﬂe/%VJI o the
alignment film 10 gnd the passi.vatign__layer ' ori ation
functi on. IrP%ﬁﬁﬁyikéﬁﬁxlﬁy%rbﬁgt6§e§%5593eeﬁa%é?h%¥h%%§' € used for the
passivation | r 11, this. | can tEaraes Wi RRSM and
devel opnent .ep}fag{pg'ses’. ]ﬁnnaap%asgécgge,%ﬁ%g %p%?%?at%ﬁ]- fiq?/lnsﬁlﬁéyﬁér 7 cc%n be
patterned sijg |%§§éfnkw &) e RALLE ABterPaEBEVALESR Ve bel bt sk. For

exanpl e, electively renoving the passivation |ayer 11 fromthe

p?r i pheral pordh Wy the 4 BMiaisbabeate 2int bRiSe@ddédd by previously
removing the optical thin-film layer 7 from the sealing
area in the periphery of the substrate 2, a sealing
structure having high reliability can be obtained. dr, in
a case in which conduction between upper and lower
substrates is to.be made, it is necessary to selectively
remove the optical thin-film layer 7 from the contact
portion. By rubbing this passivation léyer 11 along a
predetermined direction, the horizontal orientation of the
guest-host liquid-crystal layer in contact with the optical
thin-film layer 7 is realized, and is interposed between
the polymer liquid crystal and the guest-host liquid
crystal and acts as a blocking layer between them. The
rubbing direction of the passivation layer 11 and the
rubbing direction of the base alignment film 13 iﬁtersect
each other at an angle of 45°.

Referring to Fig. 4, an example of the polymer liquid

crystal will be described. As shown in the figure, the
polymer liquid crystal contains a rigid mesogen group (the

ligquid-crystal forming group)-A which is the same as the



properties with respect to.the upper substrate 1 can be

- 19 - made excellent. In addition, when this |iquid-crystal display
~device is formed into a color display device, it is possible to formthe
optical thin-filmlayer 7 into patternd7in order to provide coloring areas
which are divided into the three primary colors. That is, it is also
possible for the optical thin-filmlayer 7 to be formed into patterns for
each coloring area_in order to formcolor filters,. 2 shoms t he
transni ssi ofhsrdcaloptrueturguPl- th%r?%%%ﬂpq%ﬁkﬁn(}n|Q1¥ﬂw Pﬁ efElRenat i

l'iquid-crystal nolecules 9 are vertically oriented. |n accardan th
this, the dildeiécccaystslis APis BPFFRREXAMNR it ad FOrrf g"regf glp %ES\(,)V!( h the

first vi brati qn conponent and the . second_.vi bratiqn_co
practically“@ﬁﬁpF Pycpgzs polymer having the repeé%lng %%RQ%n%§ Y

acryl, methacryl or methylsiloxane via a flexible side
chain B (e.g., a polyethylene chain or polyoxyethylene
chain). Such structure is called a side-chain-type polymer
liquid crystal of a pendant type. This polymer liquid
crystal exhibits a nematic, a smectic and a cholesteric
phase in the same way as in a low-molecule liquid crystal
due to its structure element. The liquid-crystal
temperature range thereof is generally present on the
higher temperature side than in the low-molecule liquid
crystal, and the phase transition temperature increases
with the molecular weight. When siloxane coupling is
introduced into the skeleton main chain of the side-chain-
type polymer liquid crystal, the liquid-crystal temperature
range can be decreased. |

Fig. 5 is a schematic partial sectional view
illustrating an embodiment of a reflective guest-host
liquid-crystal display device of the present invention.
Basically, it has the same structure of the best mode shown
in Fig. 1. Corresponding components are given
corrésponding reference numerals so as to facilitate
understanding. As shown in the figure, the upper substrate

1 includes an opposing electrode 3a formed of a transparent



through the liquid-crystal layer 6. In the reflected light, the first

vi bration conponents and the second vibration conponents are only

i nterchanged with each other, and the reflected |light does not undergo -

| i ght nodul ati on what soever. The nenmat 28 Fiquid-crystal nolecules 9 whose

dielectric anisotropy is positive are turned on in respons

e

to the applied

vol tage, and change to vertical orientation. Further, as described above,

it is also possible to realize vertical orientation of th
| i qui d- cr ystedtectxnde flagaed gy kHgt ephargpprrEatt ot @S
by appropriately selectiing_.a material or the |
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e for_the
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(horreot r opi e Hair et o e e ot FRana, Paee i Rk
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changed to

simple matrix type, this embodiment is an active matrix

type. In addition to a pixel electrode 4a patterned in a

matrix form, thin-film transistor TFTs, in correspondence

with the pixel electrodes 4a, are also integrated on the

inner surface of the lower substrate 2. These TFT serve as

switching elements for driving the pixel electrodes 4a

individually. That is, by selectively controlling the

on/off of this TFT, a signal voltage is written in a

corresponding pixel electrode 4a. The drain region D of

the TFT is connected to the pixel electrode 4a, and the-

source region S is connected to a signal line 21.

The gate

electrode G of the TFT is connected to the gate line.

Further, a holding capacitor Cs is also formed in

correspondence with each pixel electrode 4a. The pixel

electrode 4a is electrically separated by a planarized film

22 from the TFT, the holding capacitor Cs and the signal

line 21. On the other hand, an opposing electrode 3a is

formed on the entire surface of the inner surface of the

upper substrate 1. The electro-optical element 5 is held

in the spacing between the two substrates 1 and 2 which are

spaced to face each other with a predetermined spacing.



hori?ontal orientation in response to the application of a voltage. At
this tinme, in order to make the horizontal orientation direction constant,
the nematic liquid-crystal .nolecules 9 are provided with a pretilt
beforehand in the vertical orientation2%tate. In any case, it is necessary
to formthe alignnent film10 on the optical thin-film layer 7 and to
control the orientation state of the liquid crystal layer 6. For exanple,

if a polyimde filmor a polyvinyl alcohol fil s for.meq on the surface
of the optWen tah|SH9FPP-mVP&§‘ége71§n‘ﬂrJr"st%‘hb’jrbcttrp@d Riged slshit ﬁﬁg p?‘&ﬁess

desired hoaneneous Qri ent at be ta L, hi
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r ubbe wever, .t t

with respeé¥m¥Q§lPﬁge&ﬁF E&E%ag%;e%?agﬁgéo_ ?%Ei é% %%H eg%%%ngd-45[err]
Next referrl Eﬁ ech %ﬂg §bs§r5gf§ﬁf+€é %ﬁ?‘ﬁﬁ% Harldif shesh node of

t he enbodlnéﬂ} escri Is liquid-crystal display
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electrode, a de51red‘1mage display can be made. Disposed
below the pixel electrode 4a are the TFT, the holding
capacitor Cs, the signal line 21, and the like. Since
these components are not interposed in the iﬁcident light
path, they do not exert an influence upon the pixel
aperture ratio. In other words, the screen of the bixel
electrode 4a can be used as a pixel aperture as it is, and
a very bright display can be made.

As a featuré, the guest-host type liquid crystal layer
6 and the optical thin-film layer 7 which constitute the
electro-optical element 5 are separated frﬁm each other by
thé passivation layer 11. The passivation layer 1l is made
of a photosensitive material, and is patterned in alignment
with the pixel electrode 4a by an exposure and developmént
proceés. The optical thin-film layer 7 is similarly
patterned for each pixel electrode 4a with such patterned
passivation layer 11 as a mask. In this example, the
patterned optical thin-film layer 7 includes coloring
regions 7r, 7g and 7b which are separated into red, green

and blue, and color filters are formed in alignment with



- 2T - nol ecules. 9, with a black or color dichroic dye 8 being added
therein. The liquid crystal layer 6 having the dichroic dye 8 m xed
therein is horizontally or vertically oriented. The reflection electrode 4
is made of a metal filmhaving a high ?@ftectance, such as al uni num or
silver. Therefore, this display device is formed into a reflective

di splay. Forned on the reflection electrode 4 is a transparent optical

thin-filmlayer 7 ich is c bl f | di h Lff 4 f
errla ﬁlﬁsi&pg&\%%%iﬁé AR ORTERERRRLAY e b BB, EEE0E e o 700

nm . en the iquid_crystal | [ IS, h '?QP; J i , ~teh

opLicaI anifotrgﬁﬁg‘a§i§%of Pﬁgg%%'iggéé%h?%i [ ﬁ?%ﬁ%%?g %@gdggigned to
make an angl e Iy [ tg I3 [
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angl e of 45[err th respect to the cosine direction
the substrate 2. After the surface thereof is subjected to
an orientation process, an optical thiﬁ—film layer 7R is
deposited. In this example, to form a color filter made of
the three primary colors of red, green and blue, the
optical thin-film layer 7R which was previously colored red
is used. For example, a substituent which absorbs red
wavelength components is introduced into the side chain of
a polymer material which forms the optical thin-film layer.
Or, a normal red dye which does not show a dichroic
property may be mixed into the liquid-crystal polymer
material. The optical thin-film layer 7R which was
previously colored red in this way is deposited on the
substrate 2. This specific film deposition method is the
same as the film deposition method shown in Fig. 3. Next,
in step (Fig. 6B), the photosensitive material lla is
coated on the red optical thin-film layer 7R. In step
(Fig. 6C); the photosensitive material 1lla is exposed via
the mask M. In step. (Fig. 6D), the substrate 2 is washed
with water, the unexposed portion of the photosensitive
material lla is dissolved and removed, and a development

process is performed. As a result, the passivation layer



of the liquid-crystal nolecules 9 having a pretilt angle. The optical
thin-filmlayer 7 is formed froma polynmer |iquid-crystal materi al
containing liquid crystal nolecules which are uniaxially oriented al ong
the optical anisotropic axis. For exanplle~ a polyner |iquid-crystal
material (aromatic polyester which is a liquid crystalline polymer, a
siloxane resin or the like) is used, and is aligned on a substrate at a
tenperature of the nepatic phase, qr the . e .
220|-f smectt Wl gihak p%ﬁ"{) |1E‘n %H'Eg?‘g‘epét WHRRAERS FBYR F1emyeist ure
an I xed. Th opfical fhin- | aye hav u |.Ssotyo
can be obtaiﬁﬁﬁc W@Qﬁl%i[%ﬁr€9§P gb %epo Red- b§E83|gﬁga.%éH€§kgcal P
| i qui d- cryst nmat e havd r C e 01{?
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([err]n), flesS: can be made suf erefore,
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brought into alignment with the pixel electrode 4a.
Hereinafter, in the same way as described above, the green
region and the blue region can be formed on the
respectively corresponding pixel electrode 4a. Although in
this embodiment color filters are formed by using the three
primary colors of red, green and blue of the additive
process, the present invention is not limited to this
example. Color filters which use the three primary colors
of yellow, magenta and cyan of the subtractive process may
be formed.

Fig. 8 is a schematic partial sectional view
illustrating another embodiment of the reflective guest-
host liquid-crystal display device. As shown in Fig. 8, an
upper substrate 101 includes an opposing electrode 103a
formed of a transparent electrode formed all over the
sﬁrface, and a lower substréte 102 includes a pixel
electrode 104a formed of a reflection eléctrode which is
divided into small regions in a matrix form. In addition
to a pixel electrode 104a patterned in a matrix form, thin-
film transistors TFT, in correspondence with the pixel

electrodes 104a, are also integrated on the inner surface



t he process of manufacturing the display device can be
passivation layer 11 is interposed between the optical thin-filmlayer

and the liquid-crystal layer 6. For the passivation |ayer, a
photosensitive material nmay be used, s@Zhat it can be patterned by
exposure and devel opnent. For the photosensitive material, an aqueous
sol ution of polyvinyl alcohol (PVA), to which is added a very snall anpunt

of amon bi chromate for causing an photocrosslinking reaction to occur

be used, andofhtRe hewerisubsEriRe 10t eG‘hGﬁ’eaTg'EBsF?ﬁY% By SptEriiod |
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corresponding pixel electrode 104a. The drain region D of
the TFT is connected to the pixel electrode 104a, ana the
source region S is connected to a signal line 121. The
gate electrode G of the TFT is connected to the gate line.
Further, a holding capacitor Cs is also formed in
correspondence with each pixel electrode 104a. The pixel
electrode 104a is electrically separated by a planarized
film 122 from the TFT, the holding capacitor Cs and the
signal line 121. ' On the other hand, an opposing electrode
103a is formed on the entire surface of the inner surface
of the upper substrate 101. The electro-optical element
105 is held in the spacing between the two substrates 101
and 102 which are spaced to face each other with a

predetermined spacing. The electro-optical element 105 has

‘a lamination structure including a guést-host liquid-

crystal layer 106 and an optical thin-film layer 107. When
a signal voltage is written in the pixel electrode 104a, an
electric field is generated in the spacé adjoining the
facing opposing electrode 103a, and the'electro-opticél
element 105 changes between the absorption_state and the

transmission state. Since this optical change appears for

th ge;%dnall w8 %hel i%hévﬁ:e. %rls%%rgm outside in



-23 - . incident light can be considered by separating it into the first
oscillation conmponents X and the second oscillation conponents Y. Since
the first oscillation conponents X are in the same orientation direction
as that of the liquid- crystal |ayer-633they are absorbed by the dichroic
dye 8 which is oriented in the same direction. However, since the second
oscillation conponents Y are perpendicular to the orientation direction of
the dye nol ecules, they are not absorbed at all. Therefore, the second
osci | | ati on esxdnudeit eleqsasdet hrodghirad inhage dignisvalcamype mgdeand
further enter the optical thin-filmlayer 7 which functions as a [err]/4

phase shiftdis &elowheheepdnglostprituedenl 04 mishdmes TFTr éheef | ect ed
by the reflection electrode 4 and_pass through the optigcal thin-filmlayer
7 again. |t helgdinghcapRsitoxe CSecbh S28PRLat 8% ey passed

two tinmes through the optical thin-film respect .of .the forward

and backwar PifthEPesfy GEBORensS) QFFZHPIF%S{G?}Z%%%%#IT RS err] .
The_r efore, {]g(iqet paFthi ,S trl'ieqfe ’dot rﬁ%tpglx%grl:zgﬁi gﬂffﬁér%;et iu%rf:q_i}{gc ipqgcselWi th the
aperture ratio. In other words, the screen of the pixel
electrode 104a can be used as a pixel aperture as it 1is,
and a very bright display can be made.

In this embodiment, a passivation_film 112 is formed
between a uniaxial optical thin-film layer 107 and an
alignment film 111. 'If the passivation film is formed by a
film having an orientation function, the alignment film
need not be further provided.

Fig. 9 is a schematic partial sectional view
illustrating yet.another embodiment of a reflective guest-
host liquid-crystal display device. As shown in Fig. 9, an
upper substrate 201 includes an opposing electrode 203a
formed of a transparent electrode formed on the entire
surface of the inner surface of an upper substrate 201, and
a lower substrate 202 includes a pixel electrode 204a
formed in a matrix form. In addition to the pi#el
electrodes 204a patterned in a matrix form, thin-film
transistor TFTs for driving each of the pixel electrodes
are integrated on the inner surface of the lower substrate.

The drain region D of the TFT is connected to the pixel



“orientation direction of the liquid-crystal layer 6, light is absorbed. In
this way, since all of the vibration conponents contained in the incident

| ight are absorbed in either the forward path or the backward path; a
contrast conparable to that of a traﬁsﬁ#s§ion-type guest - host

l'i quid-crystal display device with a polarizer can be

- 24 - obt ai ned wi thout a polarizer. Referring to Fig. 3, an

enbodi ment of_ deposjti the optical thin-filmlayer 7 t assi vation
Iﬁyer él wi [§1e Qﬂje?s&rb%ﬁedainﬁ géfaFPPr?ﬁi’f?%’r?n,g i s‘i°é‘§1l%ﬁerg$ t%A)%', af t er
the substrate 2 e of ass .or . the Lj | eangd, defilmis
formed on tﬁel%tﬁrq‘?gclélet hzg)rle'of I%ytélgsﬁhgggéﬁﬁrgtbr ocess ag a Vgléuzﬁe%
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and a uniaxial optical optical thin-film layer 207 is
formed thereon. A passivation film 211 having an
orientation function is formed on the pixel electrode 204a.
An electro-optical element 205 has a lamination structure
including a guesﬁ—host liquid-crystal display device 208
and the optical thin-film layer 207.

A description will be given of a method of depositing
an optical thin film formed of a liquid-crystal polymer
common to the above-described reflective guest-host liquid-
crystal display device.

Referring to Fig. 10, the best mode of a polymer
ligquid crystal deposition method in accordance with the
present invention will be described. The polymer liquid-

crystal deposition method of the present invention is
concerned with the formation of a uniaxial optical thin
film for introducing a phase difference of A/4. This
embodiment is a simple film deposition process for a
substrate. However, this polymer iiquid-crystal deposition
method can be applied to, for example, the manufacture of a
liquid-crystal flat panel display, and the liquid crystal
cell can be applied to any of a simple matrix type, an |

active matrix type, and a segment type.



of the reflection electrode 4 is covered with a base alignnment film 13.
This base alignnment film13 is subjected to a rubbing process along a
predeterm ned direction. Further, a polymer liquid-crystal material is
coated on the base alignment film13.-T¥ s polyner liquid crystal is a
polymer liquid crystal of a side chain type in which, for exanple, nmesogen
OL an efter bFnzoate type is fornmed into a pendant. 3 to 5[err]w. % of
this polymer liquid .crystal is dissolved into a .soluytiqn.in whi.ch
cycl ohexane andIHéFH9P¥¥th9P RE%%ﬂE@E&?Prﬁgﬁﬁiétha ﬁéﬁsoléfp§F§9r$ﬁﬁs

solution is ,spin-coated at rotation_speed of . fo e, 1,000
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surface of the substrate 51, this polyimide film may be
rubbed along the orientation direction. In some cases, the
surface of the substrate 51 may be directly rubbed.

Next, a film deposition step (Fig. 10B) is performed
in which a film deposition material formed of a polymer
liquid crystal 52 is deposited to a prédetermined fi;m
thickness on the substrate 51. This polymer liquid crystal
is a material which is capable of making a phase transition
between a nematic liquid-crystal phase on the high
temperature side and the glass-solid phase on the low
temperature side with a predetermined transition point as a
boundary. For example, this polymer liquid crystal 52 is
in a glasé state at room temperature, and is preferably a
main-chain type or a side-chain type having a transition
point at 100°C or above. This polymer liquid crystal is a
transparent material such frém an optical poiﬁt of view
that no light absorption occurs in the visible region.
After this polymer liquid crystal is dissolved in an
organic solvent (e.g., a mixed solution of cyclohexane and
n-butanone), it is coated on the surface of the upper

substrate 51 by spin coating. Instead of spin coating, it



for the substrate to pass through the nematic phase and to return to the
troomtenperature state. In the nematic phase, the polyner liquid crysta
is oriented along the rubbing direction of the base alignnment film 13, and
a desired uniaxial orientation propertyécan be obtained. This uniaxial
orientation state is fixed by returning the substrate 2 to room
tenperature. Wth such an annealing process, the |iquid-crystal nolecul es
contained in the polymer liquid-crystal material_ are uniaxially oriented,
and a desir gBeH e P2k R iGhe |srdace einthe spPsirRie 51 bY Usiddrocess
proceeds to step, (Fig. 3B) where a photosensitive material 11g.s coated
on the opti c3IPRHIGe SFFEIR REGLIRT B tBRalkpke: MPEERR RUADAT 0.1
to5 w.% of PVAI in-coated. AL this tine, in,order to .cause.a

phot ocr ossl iP\‘R’FE‘@r‘F"é‘i'ctstF%rFQﬁrWAatt@tlé’cEﬁiti"ﬁgt ﬁgng bt&dts %‘b‘f}htarsore{hef or
exanple, a very small anoun f a n. bichr te | dded or ehand.
Next, the pr%%%%%nﬁ%%]e%r&ls()é ttg"estse%gou(tﬁio&. °3c ﬂghglﬁ%é%% ggpsoéﬁ e process is
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Further, the process proceeds to s re when a water washing
process is peahosses phded POFfdrahc®d dfd/4 to occur in the visible

region.

Finally, a heat-treating step (Fig. 10C) is performed
in which after the substrate 51 is heated temporarily to
above the transition point, it is slowly cooled to room
temperature below the transition point, the deposited
polymer liquid crystal 52 is oriented in the orientation
direction, and thus a uniaxial optical thin film 53 is
formed. A polymer liquid-crystal material having a
transition point of above 100°C and having liquid-crystal
molecules introduced into the main chain or the side chain
of the polymer is heated or slowly cooled. As shown in
Fig. 10C, whereas in the film deposition stage, the ligquid-
crystal molecules contained in the polymer liquid crystal
52 are in a randomly oriented state, after slow cooling,
the liquid-crystal molecules are oriented along the
prientation direction énd the desired uniaxial optical
anisotropy can be obtained. To be specific, the substrate
51 having the polymer ligquid crys;al 52 deposited thereon

is put into an oven which has been previously set at a



photosensitive material 1la which is not exposed dissolves into water, and

the passivation layer 11 fornmed fromthe polynmer of patterned PVA is

formed. Finally, in step (Fig. 3E), when the substrate 2 is soaked into
n- but anone by - 37 - - 26 - using this

passi vation |ayer 11 as a mask, that portion of the optical thin-film

| ayer 7 which is not covered wwth the passivation |ayer 11 is dissolved

and patterned. For exanple, in a case in which a liquid-crystal display

device is assetbledhagspdrempedatoner osubst i 8P EEOPAG tPHRS § JrRIREHESF Uénch

ot her by a bonding agent. In this case, by previously renoving the optical

t2hi n-fil Im | Bt iE thephache Jhereadtess eati Ast REOBEY i ¢PRISA A4 he substrate
, a sealing structure having high reliability can be agbtained.. O, in a

case in whi CFREHMAREtEDF IR \ﬁ@é}?eﬁﬁﬁé‘FeandAFoﬁées‘é]cﬂbst&é? €°3%4 o be nade,

it is necessary to sel ectjvel ) . .
. polymer llquld'chQtal-Sz is oriented along the orientation

direction of the substrate 51 which has been previously
oriented.
In the above—described.ﬁay, by controlling the £film

thickness of the uniaxial optical thin film 53, the

function of the A/4 phase shifter can be provided. For
example, if the wavelength A of the incident light is set

at the substantially central value 500 nm of the visible

region when the refractive index anisotropy An of the

uniaxial optical thin f£ilm 53 is 0.2, the film thickness d
is calculated as A/4°+An = 500 nm/4 X 0.2 = 620 nm. That
is, by performing control so that the film thickness d of
the polymer liquid crystal 52 becomes 620 nm in a state in
which ;he heat-treating step is completed, the function of
the A/4 phase shifter can be shown with respect to the
incident light beams of the substantially visible region.

As has been described up to this point, according to
the present invention, a reflection electrode is formed
inside a guest-host liquid-crystal display device in order
to make it a reflection type, and an optical thin-film

layer which functions as a A/4 phase shifter is formed on

the reflection electrode. The optical anisotropic axis



renﬁVe the optical thin-filmlayer 7 fromthe contact portion. By rubbing
this passivation layer 11 along a predetermned direction, the horizontal
orientation of the guest-host |iquid-crystal |ayer in contact with the
optical thin-filmlayer 7 is realized, 38nd is interposed between the
polymer liquid crystal and the guest-host liquid crystal and acts as a
bl ocki ng | ayer between them The rubbing direction of the passivation
| ayer 11 and the rubbing direction of the base alignment film 13 intersect
each ot her afthe epbieabfpuincipal axistetpergofolfi get 450 45 SRt e of the
polymer liquid _¢crystal w || be described, As shown in the figure, .the
pol ymer | i quiBCtiRe af St ottt Kesrerkgra hRe ogeteRfrdiuP ¢ eﬁéiﬁﬁ @fcryst al
form ng grou A which is the s, as .the . .
- 27 - ch C%$e§?T§ﬁﬁEﬂ ?ﬁlatﬁ?ﬁﬁﬁ%@'po”ﬁFanVﬁhaal%ﬁﬁ?ﬁﬁ%ﬁﬁﬂ??'Iq«quid
crystal . Th'ﬁr?&ﬁ@ leﬁ%é%@bé\if§d¥333¥§é%%1t81%5?ay device which does
not require a polarizer and which has a high contrast is
made possible. 1In particular, since a passivation layer is
interposed between the guest-host liquid crystal and the
optical thin-film layer, a liquid-crystal display device
which is free from mutual dissolutioh and has high
reliability can be obtained. Further, by imparting a
liquid-crystal orientation function to such passivation
layer, the manufacturing costs can be reduced without
increasing the number of steps. In addition, by processing
the optical thin-film layer to a color filter, the
manufacturing steps are greatly simplified, leading to
reduced manufacturing costs.

According to the manufacturing method of the present
invention, after the surface of a transparent substrate is
oriented, the polymer liquid-crystal material is deposited
to a predetermined film thickness on the substrate. By
heating or slowly cooling this substrate, the polymer
liquid crystal is oriented in the orientation direction,

and thus a uniaxial optical thin film is formed. By

controlling the film thickness of this_uhiaxial optical

thin film, the function of a A/4 phase shifter can be



mai N chain C of a polyner having the repeating units of acryl, nethacryl
or nmethylsiloxane via a flexible side chain B (e.g., a polyethylene chain
or pol yoxyethylene chain). Such structure is called a side-chain-type
polynmer liquid crystal of a pendant typ®.-This polymer liquid crystal
exhibits a nematic, a snectic and a cholesteric phase in the sanme way -as
in alownolecule liquid crystal due to its structure elenent. The

| iquid-crystal  tenperature range thereof s eral | r.esent an_the

hi gher tenp&FRVdEESs| dést ﬁaﬁeFHQFheS?‘%ﬁ? n'brll%c}?ﬁ; qqatﬁﬁy(f%l ryst %, %and t he
phase transition tenperature i ncrgases €ﬁ(\ivi fh the | ecul.ar__wei ght. When

Si ljoxaﬂe codfingsy 3EE2 AR BEUFRRVFATHUT AR LR TS iHi® of the

si de- chai n- e polyner, liquid crystal. the Jiguid-crystal te rature
range can beg”&%&r@%&d%ls cganS.séI{:%b]ays_ Jr?a?q#lctopé{’lr %ﬁ‘laéiges—gé'"t%% nal Vi ew
illustrating.,an enbadi nent_,of reflective - host: . higui d-crystal

di spl ay devigfcleaq_‘ofpatni'nee gﬁé él(r%?( ?ﬁvgiﬁ ig#.(g' Bg%{?%%f%, l|tt egésgm%ﬁe game

structure ofyddis HIRStEPEReSNPWNphh Be FiBi fder GOS &S BRMErHbra@gIONENt S are
given corrésponding reference nunerals so as to facilitate

integrally into the inside of the liquid-crystal cell which

forms the flat panel display, and a wide range of
applications can be expected. |

Many different embodiments of the present invention
may be constructed without departing from the spirit and
scope of the present invention. It should be understood
that the present invention is not limited to the specific
embodiments described in this speeification. To the
centrary, the present invention is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the invention as hereafter
claimed. The scope of the following claims is.to be
accorded the broadest interpretation so as to encompass all

such modifications, equivalent structures and functions.



understandln > figure, the upper substrate
opp05| ng el e 3“":"'@4]4 f a transparent
28

eecr edowm

1 i ncludes an

on the entire surface, and the |lower substrate

2 |ncludes a pixel electrode 4a fornmed @0 & reflection electrode which is
divided into snall regions in a matrix form That is, whereas the fornmer
exanple is a sinple matrix type, this enbodinent is an active matrix
type. In addition to a pixel electrode 4a patterned in a matrix form

thin-filmt 3T sEQCHHFIMED (1P :corr espondence wit h t he pi xel
are al so |ntegrated on the _inner surface of the | ower subst

TFT serve as switchi fy ERGHYs guedtbrag %h@ubﬁx%¥Y%ﬁ%&nq

el ectrodes 4a,
rate 2. These
YAa

individually, That is, by selectively controlling the on/off of this TFT,
a signal voI@%KkF?§°%W9¥ TH9n a corresponding pixel electrode 4a. The

drain region D of

inner surface of which transparent electrodes are

a first substrate for receiving incident light, on the

formed;

a second substrate which has a reflective film formed

thereon and which is spaced to face said first substrate

with a predetermined spacing;

an electro-optical element held between said

first and

second substrates, which electro-optical element has a

lamination structure including a guest-host liquid-crystal

layer which contains a dichroic dye and which is uniformly

oriented with respect to said transparent electrode, and an

optical thin-film layer which has a predetermined

optical

anisotropic axis and which is formed at least on said

reflective film, said optical thin-film layer being formed

from a liquid-crystal polymer having liquid crystal

molecules which are uniaxially oriented along the

anisotropic axis; and

optical

a passivation layer which is interposed between said

optical thin-film layer and said liquid crystal layerL

2. A reflective guest-host liquid-crystal display

device according to claim 1, wherein said optical

layer functions as a A/4 phase shifter.

thin-£film

! ThlS Sheet Has Been Replaced




the TFT is connected to the pixel electrode 4a, and the source region Sis
connected to a signal line 21. The gate electrode G of the '

connected to the gate line. Further, a holding capacitor Cs”iilmmg&uwﬂ ﬂl",
in correspondence with each pixel elecynode 4a. The pixel el *
electrically separated by a planarized film 22 fromthe TFT, the hol ding
capacitor Cs and the signal Iline 21. On the other hand, an opposing
electrode 3a is forned on the entire surface of the inner surface of the
upper substrate 1. The electro-optical elenment 5 is held in the spacing
between the two substrates 1 and 2 which are spaced to face each other

with a predeternihed pacefipctive guest-host liguid-crystal displayg -

Wien a signal voltage is witten in the pixel electrode 4a, an electric
field i s gendeatee aecordingdce Adisi di.nyhereinoppdi PRSI VREF PRIl BELT and

the electro-optical elenent 5 changes between the.absorption state and the
transnissionig an alignment film whf%h causes said 1?§u£ﬁ£%rystal layer

to be homeotropically oriented or homogeneously oriented.

4. A reflective guest-host liquid-crystal display
device according to claim 1, wherein an alignment film for
aligning said liquid-crystal layer is provided on said

passivation layer.

5. A reflective guest-host liquid-crystal display
device according to claim 1, wherein said passivation layer

comprises a photosensitive material.

6. A reflective guest-host liquid-crystal display
device according to claim 1, wherein said optical thin-£film
layer is a film which is patterned with said patterned

passivation layer as a mask.

7. A reflective guest-host liquid-crystal display
device according to claim 6, wherein said optical thin-film
layer includes a plurality of coloring areas, and a pattern
is formed for each coloring area, and thus color filters

are formed.

This Sheet Has Been Replaced - |




state. Since tgi appears for each pixel electrode, a
desired i mage m HM":"'" HgﬂﬂFe Di sposed bel ow t he pi xel el ectrode 4a
are the TFT, the hal dengms C tor Cs, the signal line 21, and the Ilike.
Since these conponents are not,interpoged-in the incident Iight path,
they do not exert an influence upon the pixel aperture ratio. In other
words, the screen of the pixel electrode 4a can be used as a pi xel
aperture as it is, and a very bright display can be nade. As a
feature, the guest-host type liquid crystal layer 6 and the optical
thin-filmlayer 7 which constitute the electro-optical elenent 5 are
separated from edh otherefiectiive gaesitrhosbnliayed-ddysthe gemsiawat i on
layer 11 is nmade of a photosensitive material, and_ is patterned in

al i gnment  vilehehagromding det cd@dmid . byhaﬁeénpéemere efeineg et
process. The optical thin-filmlayer 7 is sinilarl patterned for each

pi xel el ect révmEng 2 wikekrle whdchpassPpiuifed infersmalhsreginns. In
this exanple, the patterned optjcal thin-film]|ayer 7 includes coloring
regions 7r, aarreﬁt?blmwraraéﬁséﬁg#&é@& FWELBCF‘é’ag LRI EINTP DI ue, and

col or filterg are fornmed in alignnmen th
iving a respective pixe electrode

9. A reflective guest—hqst ligquid-crystal display
device according to claim 1, further comprising: pixel .
electrodes formed in a matrix form on said optical thin-
film layer, and switching elements for driving a respective

pixel electrode.

10. A method of manufactgring a reflective guest-host
liquid-crystal display device comprising: a first substrate
for receiving incident light, on the inner surface of which
transparent electrodes are formed; a second substrate which
has a reflective film formed thereon and which is spaced to
face said first substrate with a predetermined spacing; an
electro-optical element held between said first and second
substrates, which electro—oprical element has a lamination
structure including a guest-host liquid-crystal layer which
contains a dichroic dye and which is uniformly oriented
with respect to said transparent electrode, and an optical

thin-film layer which has a predetermined optical

Thls Sheet Has Been R
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- 30 -~ pi xel el ectrodes 4a corresponding to each colori

Fig. 6 is a process chart illustrating a mgt hod of manuf aqmﬂﬂm““mm“m“‘
filter shown in Fig. 5. Initially, in step (Fig. 6A), the‘plieILeléct?o e
4a is patterned on the substrate 2. Afggr-the surface thereof is subjected-
to an orientation process, an optical thin-filmlayer 7Ris deposited. In
this exanple, to forma color filter nmade of the three prinmary colors of
red, green and blue, the optical thin-filmlayer 7R which was previously
col ored red anisafsepidaxiexandl whighsissformedtanhiessapsores s ed

wavel ength conponents is introduced into the side chain of a polyner

mat eri al whingfYestiyet Hd lopt isedd eptacel| Fhinygilm lgven haymen fordeddye

whi ch does not show a dichroic _property may be nixed into the

| i qui d- crystfonpat Wldmreﬁsutaﬂ P‘I’E@@ﬁth@‘é}mﬁ h Y39 7RI%8E 7R whi ch was

reviously colored red_in_this way i osited o
P y molecules which are un1axia9?8 orienteélafhng the optical

anisotropic axis; and a passivation layer which is
interposed between said optical thin-film layer and said
liquid-crystal layer, said manufacturing method comprising
the steps of:

forming a second substrate having an optical thin-film
layer by performing an alignment step of aligning the
surface of.the second substrate alohg a predetermined
alignment direction; a deposition step of depositing a
liquid—crystal polymer material to a predetermined film
thickness on said second substrate, which liquid-crystal
polymer material is capable of making a phase transition
between a nematic liquid-crystal phase on the high-
temperature side and a glass-solid phase on the low-
temperature side with a predetermined transition point as a
boundary; and a heat-treating step of heating said second
substrate to temporarily above the transition point and
then slowly cooling it to room temperature which is lower
than the transition point, and forming a uniaxial optical
thin film by aligning the deposited liquid-crystal polymer
material along said alignment direction;

forming a first substrate having transparent

This Sheet Has Been Replaced '




sub§trape 2. This specific filmdeposition nmethod is the same as the film -
deposition method shown in Fig. 3. Next, in step (Fig. 6B), HM'IIIJ"IILI "Illl”“l
photosensitive material 1la is coated on the red optical thil y I y

the *

7R In step (Fig. 6C, the photosensitiége-nmaterial 1lla is expd%e vica

mask M In step (Fig. 6D), the substrate 2 is washed wth water, the
unexposed portion of the photosensitive material 1la is dissolved and
renoved, and a devel opnent process is perfornmed. As a result, the

passi vati on élgairodes on the inner surface thereof; andj - 11 which is

patterned in alignnment with the specific pixel electrode 4a is forned. In
step (Fig. 6E), thmndigw dmdetdler shid- firat| anérserond wiRHepts Rnche
passivation layer 11 as a mask, _and is processed to a red region 7r which
is brought fowming jayevaat-losk LREUpPRErYaratt 1agRr Retveh dfitafter, in

the sane way as descri bed above, the green
spacing.

11. A reflective guest-host liquid-crystal displa&
device according to claim 10, wherein said alignment step
is a step in which an alignment film is deposited on the
surface of said second substrate, after which said

alignment film is rubbed along the alignment direction.

12. A reflective guest-host liquid-crystal display
device according to claim 11, wherein said alignment film

is a polyimide film.

13. A method of manufacturing a reflective guest-host
liquid-crystal display device according to claim 10,
wherein said deposition step is a step selected from spin

coating, dipping, and printing.

14. A method of manufacturing a reflective guest-host
liquid-crystal display device according to claim 10,
wherein said heat-treating step is a step in which a
liquid-crystal polymer material having a transition point

of 100°C or above and having liquid-crystal molecules

- This Sheet Has Been Replaced
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regi"on and the blue region can be fornmed on the respectiveliy Hﬂ'mmﬂﬂummml
pi xel electrode 4a. Although in this enbodinent color filters! “
by using the three primary colors of red, green and blue of the additive § *
process, the present invention is not~If##ited to this exanple. Color

filters which use the three primary colors of yellow, magenta and cyan of

the subtractive process may be forned. Fig. 8 is a schematic partia
sectional view i]Jlustrating, another enbodi nent of. the.reflegtive guest-

host |i qui d-3YyrQcsces &Bitgy%aévm‘é? ARa LR 5% tﬂ’he ﬁ]ée ghaig O%Ser substrate

101 includes an oppasi | ectrqde,103a fo d of a transparent el ectrode
forned all évgﬁm{ e]jkgg?gg ,agﬁdséow et 2 %%trate 102 incl udes a pixe

electrode_104a formed of a reflection electrode which is divided into
smal|l regions in a matrix form In addition to a pixel electrode 104a

FRHHEAMR RS o B S g Rt e

said method comprising the steps of:

aligning the surface of a transparent substraté along
a predetermined alignment direction;

depositing a liquid-crystal polymer material to a
predetermined film thickness on said second éubstrate,
which liquid-crystal polymer material is capable of making
a phase transition between.a nematic liquid-crystal phase
on the high-temperature side and a glass-solid phase on the
low-temperature side with a predetermined transition point
as a boundary; and

heat-treating said second substrate to temporarily
above the transition point and then slowly cooling it to
room temperature which is lower than the transition point,
aligniﬁg the deposited polymer liquid-crystal material
along said alignment direction, and férming a uniaxiai

optical thin film having the function of a A/4 phase

shifter by controlling its f£ilm thickness.

16. A method of depositing a polymer ligquid crystal
according to claim 15, wherein said alignment step is a

step in which an alignment film is deposited on the surface
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- 32 - of the |ower substrate 102. These TFTs serve as s
elements for driving the pixel electrodes 104a i ndividuall v‘“m‘a‘“ﬁ‘“mlw‘m“l
sel ectively controlling the on/off of this TFT, a signal-vol'¥dge Tis
witten in a' correspondi ng pixel eleetdéde 104a. The drain region D of

the TFT is connected to the pixel electrode 104a, and the source region S

is connected to a signal line 121. The gate electrode G of the TFT is
connected to the gate line. Further, a holding capacitor Cs is also forned
in correspafieadd wedeonshshbstxakeel éﬁtﬁbd@l‘%ﬂéa%@%wentelfééi“r ode

104a is electrically separated by a El anarized fjilm2122 fromthe TFT, the

hol di ng capaist trawbes mrxghéhespghan pEhen 194re¢yiathe ot her hand, an

opposi ng el ectrode 103a is formed on the entire surface of the i nner

surface of the upper substrate 101. The el ectro- opti cal element 105 is

held in the spacing between the_t substrates and. 1(12 which _are
spaced to face edch oth&eWochof QEPBE(’&F%?% A eRP eﬁ cryStaq‘
el ectro- Optlcéﬂoéalng t qalm 36, wherein said allgnment film is a

polyimide £ilm.

18. A method of depositing a polymer liquid crystal
according to claim 15, wherein said deposition step is a

step selected from spin coating, dipping, and printing.

19. A method of depositing a polymer liquid crystal
according to claim 15, wherein said heat-treating step is a
step in which a polymer liquid-crystal material having a
transition point of 100°C or above and having liquid-
crystal molecules introduced into the main chain or the

side chain of a polymer_is heated and slowly cooled.
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a Iéninatipn structure including a guest-host liquid- crystal |ayer 106
and an optical thin-filmlayer 107. When a signal voltage is witten in

the pixel electrode 104a, an electric field is generated i:n the space
adj oining the facing opposing el ectradg;1Q3a, and the el ectmmsnagtﬂias:BdenReplaced

el ement 105 changes between the absorption state and the
state. Since this optical change appears for j

- 338 - each pixel electrode, a desired i mage di splay can

Di sposed bel ow the pixel el ecApsrfad®%r arse DSCIBEURENe  hol di ng capaC|tor
Cs, the signal line 121, and the like. Since these conponents are not

I nterposed in the incident 1light path, they do not exert an influence upon

the pixel aperture ratio. In other words, the screen of the pixel
el ectrode 104a canxbﬂnuaﬂdxasgmemmxhbsapénquné asystalsdlsnhdyadwwuqebr|ght

di spl ay can be nade.
1ncludes a first substrate for receiving incident light, on
the inner surface of which transparent electrodes are
formed; a second subetrate which has a reflective film
formed thereon and which is spaced to face the first
substrate with a predetermined spacing; an electro-optical -
element held between the first and second substrates, which
electro-optical element has a lamination structure
including a guest-host liquid-crystal layer which contains
a dichroic dye and which is uniformly oriented with respect
to the transparent electrode, and an optical thin-£film
layer which has a predetermined optical anisotropic axis
and which is formed at least on the reflective film, the
optical thin-film layer being formed from a polymer liquid
crystal having liquid crystal molecules which are
uniaxially oriented along the optical anisotropic axis; and
a passiyation layer which is interposed between the optical

thin-film layer and the ligquid crystal layer.

FIGURE ‘1A, 4



In this enbodinment, a passivation film112 is formed between a uni axi al
optical thin-filmlayer 107 and an alignnment film111l. If the passivation
filmis formed by a filmhaving an orientation function, the alignnent
film need not be further provided. Fig. 9 is a schematic partia
sectional view illustrating yet another enbodi nent of a reflective guest-
host |iquid-crystal display device. As shown in Fig. 9, an upper substrate
201 includes an opposing el ectrode 2033 sof ormed of a transparent el ectrode
formed on the entire surface of the inner surface of an upper substrate
201, and a lower substrate 202 includes a pixel electrode 204a formed in
a mtrix form In addition to the plLxe el eqt rodes 204a patterned in a
matrix form thin-film transistor?#ﬂTtEth l&iving each of the pixe

el ectrodes are integrated on the inner surface of the | ower substrate.
The drain region D of the TFT is connected to the pixel
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el eCtrode 204a, and the source region S is connected to a signal line 221.
In this enbodinent, after a planarized film222 is fornmed, an A
reflective film223 is forned, and a uniaxial optical optical thin-film

| ayer 207 is formed thereon. A passivation film 211 having an orientation
function is forned on the pixel electrode 204a. An electro-optical el enent
205 has a |lam nation structure including a guest-host |iquid-crystal

di spl ay device 208 and the optical thin-filmlayer 207. A
description will be given of a nethod of depositing an optical thin film
formed of a liquid-crystal polyner comh to the above-described
reflective guest-host |iquid- «crystal:  display device. Referring to
Fig. 10, the best node of a polyner liquid crystal deposition nethod in
accordance with the present invention will be described. The pol yner
liquid- crystal deposition nethod of the present invention is concerned
with the formation of a uniaxial optical thin filmfor introducing a phase
difference of [err]/4. This enbod r(Sisza sinple fil mdeposition process
for a ' *
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substrate. However, this polymer liquid-crystal deposition mnmethod can be
applied to, for exanple, the manufacture of a |liquid-crystal flat panel
di splay, and the liquid crystal cell can be applied to any of a sinple
matrix type, an active matrix type, and a segnent type.

- 35 - Initially, an orientation step (Fig. 10A) is perfornmed in
whi ch the surface of a transparent substrate 51 of glass .or the like is
oriented al ong a predeterm ned orientat|9 For exanple, after a polyimde

filmis deposited on the surface of the substrate 51, this polyimde film
may be rubbed along the orientation direction. In sone cases, the surface
of the substrate 51 may be directly rubbed. : Next, a film deposition

step (Fig. 10B) is perforned in which a film deposition naterial formed of

a polymer liquid crystal 52 is deposited to a predeterntned fi
t hi ckness on the substrate 5 Thi lLyner liguid cr ////*|3

FIG.3A i}
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is a material which is capable of making a phase transition between a
pematic liquid-crystal phase on the high tenperature side and the

gl ass-solid phase on the |low tenperature side with a predeterm ned
transition point as a boundary. For exanple, this polynmer liquid crystal
52 is in a glass state at roomtenperature, and is preferably a

mai n-chain type or a side-chain type daging a transition point at

100[ err] C or above. This polyner” liquid crystal is a transparent materi al
such froman optical point of view that no |ight absorption occurs in the
visible region. After this poly ifidgrystal is dissolved in an
organi c solvent (e.g., a m xed sg?EEi&Erofziyclohexane and n-butanone), it
is coated on the surface of the upper substrate 51 by spin coating.

I nstead of spin coating, it - 36 - may
be coated on the surface of the substrate 51 by using
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di pfi ng, screen printing or th
appropriately setting conditio
sol ution or the nunber of spin
filmto be formed causes a ph

e like.
ns, such as

rotations,

Wien spin coating .is

per formed, by
the concentration of the
the filmthickness of a thin

ase difference of [err]/4 to occur in the

visible region. Finally, a heat-treating step (Fig. 100 is :
performed in which after the substrate 51 i's heated tenporarily to above
the transition point, it is slowy 002ée to room tenperature bel ow the
‘transition point, the deposited poly { liquid crystal 52 is oriented in

the orientation

direction,

and thus a uni axi al

opti cal

thin film53 is

mat eri al

formed. A pol yner

| i qui d-crystal

havi ng a

transition point of

above 100[err] C and having |iquid-crystal

nol ecul es i ntroduced into the

main chain or the side chain of the polynmer is heated or slowy cooled. As
shown in Fig. 10C, whereas in tEElf{ﬁrn position stage, the liquid-
crystal nolecules contained in the'p liquid crystal 52 are in a
randomy oriented state, after S|OM/COO|Ing, the liquid-crystal nolecul es

are oriented along the
opti cal

orientation direction and the desired uni axi-al
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ani sotropy can be obtained. To be specific, the substrate 51 having the
polymer liquid crystal 52 deposited thereon is put into an oven which has
been previously set at a - 37 -
nemat i ¢ phase tenperature or an isotropic phase tenperature and is heated.
Thereafter, it is slowy cooled and returned to roomtenperature. As a
result, the coated polyner liquid cryga 52 is oriented along the
orientation direction of the substrate 51 which has been previously
oriented. In the above-described way, by controlling the film
t hi ckness of the uniaxial optical thin film53, the function of the
[err]/ 4 phase shifter can be provided. For exanple, if the wavel ength
[err] of the incident light is set gyathe substantially central val ue 500
nm of the visible reglon when the rg ractlve |ndex anlsotropy An o?wﬁhe
uni axial optical thin f|In15 ]

,\2
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is Calculated as [err]/4 [err]n = 500 nm4 X 0.2 = 620 nm That is, by
performng control so that the filmthickness d of the polyner |iquid
crystal 52 beconmes 620 nmin a state in which the heat-treating step is
conpl eted, the function of the [err]/4 phase shifter can be shown with
respect to the incident |ight beans of the substantially visible region.
As has been described up to this point7/8cording to the present
invention, a reflection electrode is forned inside a guest-host

l'i quid-crystal display device in order to make it a reflection type, and

an optical thin-film |ayer “hiFP faCt 4 as a [err]/4 phase shifter is
formed on the reflection elect &JE? ical anisotropic axis
- 38 - (the optical principal axis) thereof is set so as to be inclined

45[err] with respect to the orientation direction of the guest-host liquid
crystal. Wth such a construction, a
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bri ght reflective liquid-crystal display device which does not require a
pol ari zer and which has a high contrast is mnade possible. In particular,
since a passivation layer is interposed between the guest-host liquid
crystal and the optical thin-filmlayer, a liquid-crystal display device
which is free fromnutual dissolutiongpg has high reliability can be
obt ai ned. Further, by inparting a |liquid-crystal orientation function to"
such passivation |ayer, the nanufacturing costs can be reduced wi thout
i ncreasi ng the nunber of steps. Fﬂgwﬁ by processing the optical
thin-filmlayer to a color f||ter facturing steps are greatly
sinplified, leading to reduced nanufacturlng costs. According to the
manuf acturi ng nmet hod of the present invention, after the surface of a
transparent substrate is oriented, the polyner liquid-crystal material is
deposited to a predeterm ned f|In1H25§gness|2? he substrate. By heating
r

or slowy cooling this substrate | yme quid crystal is oriented
in the orientation di . - + 8 % E_/ t thln filmis
f d B | fAl
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thifd film the function of a [err]/4 phase shifter can be

z 39 - provided. As a result, since the [err]/4 phase shifter of a

| ar'ge area can be ‘manuf act ur ed |ntegrally with the substrate, this can be
~suitably applied to a |large-sized flat panel display or the |ike. Further,
it becones possible for the [err]/4 phase shifter to be incorporated
integrally into the inside of the liquigdecrystal cell which forns the flat
panel - di splay, and a wi de range of applications can be expected.

Many different enbodi nents of the present invention nay be constructed

wi t hout departing fromthe spirit op f 4 he present invention. It
shoul d be understood that the pregﬁ' gyeﬁMi s not l[imted to the
specific enbodinents described in this specification. To the contrary,

t he present i/n‘/’enti on Is intended to cover various nodificati ons&md

equi val ent arfangenents incl uded . ORIENTATION
DIIIR’ECTION

ey )

—~ O

o " FIG.I0B
yd - AN

/5l
| o2 ’\f\:] 52
N \\ \\ ~ \\\— l\.r\/“ Y L~
I Ny

.  FIG.10C .
/ T. N
53 —~ —}°

/—’ MVN

Sk sy |52




N :
Wi thin ‘the spirit and scope of the |nvent|on as hereaftermlsghég{mgemh&aced

scope of the following claims is to be accorded the broad
~interpretation so as to enconpass.all such nodifications, mﬂ“l"”mmumﬁ

structures and functions. ~ 47 -

1. Aliquid crystal device conprising: a first substrate for receiving
I ncident light, said first substrate having an i nner surface on which a
transparent el ectrode is forned; a second substrate opposed to said

first substrate, said second ABFERAGR O FHE\PISCIOSPRE ty of switching

elements forned in a matrix and a reflective filmformed over the sw tching
el ement s; REFLECEIE (GUESDHtHOST EIQUEMCRESTAL DIFIRLAY DRVICGE st and -

T aul d- ii‘ty’iiéf’“ Py %ﬁv%??e%%tﬁ' Rash Limbie arestat @fﬁ&&‘?%ﬁ%%iﬁmy
ted t.h t t t el d d th
fim Ser“vwéﬁ’l%eiaa 3 eubRERale PPr Eroahr 8o ST G ittt 1 5
formed at % 1:‘[%4 LU YRibh! Beaiah r&QE d&f‘écé{]&{i‘eé 4:.12 | ayer being

|qU| cry |

-formed from a pol yrier "havi n Crys ecul es whi ch

are uni axi al¢yid ent %c@rﬁ‘%uﬁo@%rg%' &F\Ecﬁ”{légt OP& £1 83 Sye VEEL LI N sal g

optical thin fi m’l ayer functions as a [err] ase s ter; and
passivation gl ‘UHer*édrﬁ dnidt GhResedsbebyess €8 E‘a@é’%l@é" fiﬂkt{‘ filmlayer

and said liquid crystal |ayer.

substrate with a predetermined spacing; an electro-optical
element held between the first and second substrates, which
_electfofoptical element has a lamination structure
including a guest-host liquid-crystal layer which contains
a dichroic dye and which is uniformly oriented with respect
to the transparent electrode, and an optical thin-film
layer which has a predetermined opﬁical.anisotropic axis
and which is formed at least on the reflective film, the
optical thin-£film laye: being formed from a polymer liquid
crystal having liquid crystal molecules which are
uniaxiallf oriented along the optical anisotropic axis; and
a passi\{ation layer which is int:e_rposed between the optical

thin-film layer and the ligquid crystal layer.

FIGURE a & 4 REPLACEMENT SHEET
THIS SHEET HAS BEEN . 1 3 MAR 1997
REPLAGED
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reflective guest-host quuid-crystal di spl ay devi ce according to

erei Al ' ' fcation N®. 9810303-pnnent fil m which cause
d- cryﬁ%ﬁﬂg@mglﬂ‘ ?\éngoctiopl cally oriented or honpgeneously
3. Areflectivg guest-host liquid-crystal display

ordi o o Al o0 a4 JJV{,. : s 1 AT - | £
I - \%; LI I I wIrcT i arr_ar rgrmerrc 1 i TU1 allgurﬁg’aalu
EIEAE§§‘3A¢’§ provided on said passivation |ayer.

I5ETD -41- 4. A reflective guest-host

qui d-crystal display device according to claim1, wherein said

\ssi vation | ayer conprises a photosentitive mat er| al . 5. A

'l ective guest. - , 14 ' to claim1l,
erein sald@ﬁ-ﬁ 5 2 Ptk ned with sald
it t er ned passivation | ayer as a rrask 6. Aliquid crystal di spl ay
vice according to claim1, wherein said reflective filmis divided into

ral | pegfledtive Fusstibt hqmd-@rytstal display deviet hrludesie firganbstate (Wifoirecaiving

soci plREntight, i ehe BRBC&IrFKS of Whidhirdl3pAtAN@eitddes (3) ard formbd} b Gbddhd

yst ag 338! Qywﬂfc‘ﬁ' 168 aAeA0L e Hnt &) $/34dd thereon and which is spaced to face the
first substrate (1) with a predetermined spacing; an electro-optical element (5) held between
the first and second substrates (1,2), which electro-optical element (5) has a lamination
structure inchuding a guest-host liquid-crystal layer (6) which contains a dichroic dye (8) and
which is uniformly oriented with respect to the transparent electrode (3), and an optical thin-
-film layer (7) which has a predetermined optical anisotropic axis and which is formed at least
on the reflective film (4), the optical thin-film layer (7) being formed from a polymer liquid
crystal having liquid crystal molecules which are uniaxially oriented along the optical
anisotropic axis; and a passivation layer (11) which is interposed between the optical thin-film
layer (7) and the liquid crystal layer (6).

Fig. 1A
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-1, “furt her conpri.si

M:L ,t# pi xel el ectrodes each of whiﬁi} s zpre
d

associated with the fespective swifching el enents. 8. Ali a

crystal display deyi ¢e2abcPrdi®Btp £laim1, further conprisimng pixet

el ectrodes formed {nja nmatrix on spifd_gutical thin filmla . ;"
met hod of manufactliring a reflectivej guest-host |iqui dcrygmlllu“m;lmuml |II|
devi ce coGRAIMSy: Lafirst suhstratel for receiving incident 1idght' offi the *

i nner surface of which transparent .el ectrodes are forned; a second

substrate whi ch-nhad digsfidesrysdad) ARVAGENEAMPREPEBAand which is spaced to

face said first Ry agebsttate foedatearedvioty spacidgntad ighact rsabdt i cal
el emrent h n,said fiyrst.

. d _betwe nd oc bs ich_, .
el ectro- ogi"?:ﬁ I @I“g’ﬁé:tﬁatﬁas RaYing 4 ﬁ?ongglt‘%l%ct %Pg&-lg%gl \llj\%lnng v‘élhjqcl:}%st‘—-’Ihost
l'i qui d- cr yshabphapat wiiectt mogleatisnLarmidinroi ¢ dye and which is uniformy
oriented with e dnd Os quia%_@nscpgéggéde:t%ctg%, fapdransapé £atet hin-

filmlayer which has a predeterm ned optical. ) ] .
-42- ani sstifdopeecarPs anbsiKRER | Bavépged2atPlerdliby @f d sykichingye
film said)gpentd fdidsdi L %Rt Bk NanBordrege f1&6piRel ifdUing- £6iraéal
pol ymer having Liquid-crystal _ nol ecul es which are uniaxially oriented
al ong t heO8pti the sWitsdtinghialeBsntSiand a passivation layer which is

| nt er posed bet waeelsitdBRigtiialal lededtnHeld@ bettvkaaishid i flirsit candt al
layer, Salsceicg%gu%%s &Ja%%s”%}a@%%gc%mralu&x&q:ion structure including a

guest-host liquid-crystal layer which contains a dichroic

dye and which is uniformly oriented with respect to said
transparent electrode and an optical thin film layer which
has a predetermined optical anisotropic axis and which is
formed at least on said reflective film, said optical thin
film layer being formed from a liquid crystal polymer having
liquid crystal molecules which are uniaxially oriented along
the opticél anisotropic axis, wherein said optical thin film
layer functiohs as a A\4 phase shifter; and _
a passivation layer which is interposed between said

optical thin film layer and said liquid crystal layer.

2. A reflective guest-host liquid-crystal display
device according to claim 1, wherein said passivation layer
is an alignment film-which causes said iiquid—crystal layer

to be homeotropically oriented or homogeneously oriented.

3. A reflective guest-host liquid—crystél display
device according to claim 1, wherein an alignment film for

aligning said ligquid-crystal layer is provided on said

passivation layver.

REPLACEMENT SHEETS SG
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the steps of: d substrate having an ¢p

| ayer by perforntﬁﬁPE@CEMENWn@HEEﬁ ep of aligning the sunf

second substrate a-ong~a~p%e ete ned alignment direction
step of depositihg|a % 3 ystl polynmer nmaterial to a
film thickness ¢n sgi @3%3@ ubstrate, which liquid-crys
material is capabl e.of mpking a phiase transition between a
| i qui d-crystal phase on the high- | tenperature side and a g
on the low tenj ' ' a paadetermned transiti

boundary; and heat 3 trreeaé sJeep %festll_ea%)ng ﬁ‘hgﬁémﬁwgta

tenporarily above the trans ion pdint an t hen C00

S

tical thin-film

aItﬂlllLllllﬂ!IIII Ll

predeterntned

tal polyner
nematic

| ass-solid phase

on point as a

B D oom

t enper at urdewide R¢eoTding to hrahamelt repereinnspid npasamjatwm hgver

uni axi al QR%rh % asreé hj ”pﬁb!:t'%@ﬂ}:?ﬁi@@' fidtEpgageposited |iqui

pol ynmer al ong said nment directi on; for

d-crystal
mng_a first

substr at e haV|ﬁ§ trahsﬁgﬁgﬁgtlve guest -host liquid-crystal display

device according to claim 1, wherein said optical thin-film
layer is a film which is patterned with said patterned
passivation layer as a mask.

6. A liquid crystal display device according to claim
1, wherein said reflective £ilm is divided into small region
in a matrix to form pixel electrodes each of which is
associated with the respective switching elements.

7. A liquid crystal display device according to claim
1, further comprising a plurality of pixel electrodes each
of which is associated with the respective switching
elements.

8. A liquid crystal display device according to claim
1, further comprising pixel electrodes formed in a matrix on

said optical thin film layer.

9. A method of manufacturing a reflective guest-host
liquid-crystal display device comprising: a first substrate
for receiving incident light, on the inner surface of which
transparent electrodes are formed; a second substrate which
has a reflective film formed thereon and which is spaced to
face said first substrate with a predetermined spacing; an
electro-optical element held between said first and seocnd
substrates, which electro-optical element has a lamination
structure including a quest-host liquid-crystal layer which
conatins a dichroic dye and which is uniformly oriented with
respect to said transparent electrode, and an optical thin-
film layer which has a predetermined optical.



-
-43- el ectrodes of RtEr.léAQEMQjTS'Sﬁ"EZ et hereof; and bong numl‘l“ ‘“|
said firrst and secgnd 2f§5££§t§§ apd| formng a guest-host”lﬁulunuuﬁ ' )
| ayer .between the [spa& mgssi 1958 10. Areflective guest-host ¢ v ®» s *
l'iquid-crystal display _device accprfing to claim9 , wherein said
alignment step isfa step in which ap alLjgonent filmis deposited on the
surface of said sedere—substrate—afier which said alignnment filmis

rubbed al 0%-%&@51@@& di Gegziliigﬂ-d_is'fomefil&t fes&f | Stdyag guest - host

quuid-crystél splay device according to clarm10, wherein said

alignment fidefledt3va BQhw,Msd@8dfl bbfical thin-E2imALaPdPage Dig NBEME&Et Uri ng
a reflective guest-host [I'iquid-crystal display device according to claim9

wher ei n saifdALROYiluId-heRthl BolyRBrSAhEhgdl&eidSPHstal

molecules which are uniaxially oriented along the optical
anisotropic axis; and a passivation layer which is
interposed between said optical thin-film layer and said
liquid-crystal layer, said manufacturing method comprising
the steps of:

forming a second substrate having an optical thin-film
layer by performing an alignment step of aligning the
surface of the second substrate along a predetermined
alignment direction; a deposition step of depositing a
liquid-crystal pdlymer material to a predetermined film
thickness on said second substrate, which liquid-crystal
polymer material is capable of making a phase transition
between a nematic liquid-crystal phase on the high-
temperature side and a glass-solid phase on the low-
temperature side with a predetermined transition point as a
boundary; and a heat-treating step of heating said second
substrate to temporarily above the transition point and
then slowly cooling it to room temperature which is lower
than the transition point, and formiﬁg a uniaxial optical
thin film by aligning the deposited liquid-crystal polymer
material along said alignment direction;

forming a first substrate having transparent



coating, dipping, RthAGEMIENTHSHEET 13 A ret hod of mnW

reflective guest{hgst Tiquid-crisfal display device accordin H ﬂ" '""EM,”“",
“wherei:n said heat- rqamg'ps;g%) sja step in which a |iquid-

pol ymer material jhaving a i bn point of 100[err] C or .above and

having |iquid-crys - -44 -

I ntroduced into the main chain or|the s‘i%ie chai n of a polyner is heated -

and sl ow yséi)%égg?% es on thémlm‘f‘e math 1{1 A e 05| |ggdla l'i qui d-crystal

pol ymer, npr i si ng I gning the surface

of a transparenty g,ggfﬁég%g? 000 sﬂé’rf%fslt a’}]tcf‘%%c hdgg%%rgk:% CHA?%

depositing a |liquird-cr a predetermne

thickness Of,5@i fly SECOREs SURSEE A fquid-crystal layer between the

spacing.

transi

10.. A reflective guest-host liquid-crystal display
device according to claim 9., wherein said alignment step
is.a step in which an alignment film is depositéd on the
surface of said second substrate, after which said

alignment film is rubbed along the alignment direction.

11. A reflective guest-host liquid-crystal display
device according to claim }o., wherein said alignment film

is a polyimide film.

12. A method of manufacturing a reflective guest-host
liquid—érystal display device according to claim 9 ,
wherein said deposition step is a step selected from spin

coating, dipping, and printing.

13 ; A method of manufacturing a reflective guest-host
liquid-crystal display device according to claim 9 ,
wherein said heat-treating step is a step in which a
liquid-crystal polymer méterial having a transition point

of 100°C or above and having liquid-crystal molecules



whi ch 1iquid-cryst a.REBLA@WEN'Pt

transition between
side and a gl ass-so} i

I's capabl e of nmaking

rystal phase on the’ mBIIfIIHﬂﬂHIIIHlIlHIIIII
a thg |l owtenperature side w

predeterm ned tran itlogb' gﬁrﬁt% a |boundary; and h{eat treatl ng sai d

second substrate tqg t nral‘JJV a oye the transition point and then slowy

cooling it to roo terrperature whi c ist4-ower than the tranS|t|on poi nt,

al i gni ng thf E&‘? Q5L EAY eﬁralthrga Sq‘rdlleal hai ai d

al i gnnment direéction, an orm ng J untaxi tica [ I m havi ng t he
function of p81 é{_]{é D883 Sk fd d)lllng |tsf|Imth|ckness
15; A net hod %‘? deposlPtié‘%g a pol y%e“r’ i qui dé’crystal according to claim
14, wherein said alignnent step is a step in which an alignnment filmis
deposited on the surface - 45-

14. A method of depositing a liquid-crystal polymer,

said method comprising the steps of:

aligning the surface of a transparent substrate along
a predetermined alignment direction;

depositing a ligquid-crystal polymer material to a
predetermined film thickness on said second substrate,
which liquid;crystal polymer material is capable of making
a phase transiti§n between a nematic liquid-crystal phase
on the high-temperature side and a giass—solid phase on the
low-temperature side with a predetermined transition point
as a boundary; and |

heat-treating said second substrate to temporarily
above the transition point and then slowly cooling it to
room temperature which is lower than the transition point,
aligning the deposited polymer ligquid-crystal material

along said alignment direction, and forming a uniaxial

optical thin film having the function of a A/4 phase

shifter by controlling its film thickness.

15; A method of depositing a polymer liquid crystal

according to claim 14, wherein said alignment step is a

step in which an alignment film is deposited on the surface



- REPLACEME\! SHEE
. of said second sybgtrate;—af ih{ ch said alignnent film
the-orientation dir e&d)' 16. A nmethod of depositi nu"i"t Wlmmlll
I|qU|d crystal c¢ ngE?JQQSarrB wherein said alignment f¢lmigtas
polyimide film - 17, A nethofd of depositing a polyner liquid crysta
according to claym 14, wherein saifd depagition step is a step selected
fromspin coatln | nting. 18. A nethod of depositing

a pol ymer | '<§1 Vﬁé&.lhnd éilal& t Qrtled Wnith \élaﬁaeam1§amdnbeei1ﬁreatl ng
step is a ep h pol yirer 1i quid-crystal material having a

transition ppintyfed AHSHS lhPlordAR e Bavergibhqui d- crystal _
nol ecul es introduced into the nmain chain or the side chain of a polyner is
heated and sl owy cool ed.

16. A method of depositing a polymer liquid crystal
‘according to claim 15, wherein said alignment film is a

polyimide film.

17. A method of depositing a polymer liquid crystal
according to claim 14, wherein said deposition step is a

step selected from spin coéting, dipping, and printing.

18. A method of depositing a polymer liquid crystal
acébrding to claim 14. wherein said heat-treating step is a
stép in which a polymer liquid-crystal material having a
transition point of 100°C or above and having liquid-
crystal molecules introauced into the main chain or the

side chain of a polymer is heated and slowly cooled.
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ABSTRACT OF THE DISCLOSURE

REFLECTIVE GUEST-HOST LIQUID-CRYSTAL DISPLAY DEVICE
A reflective guest~host liquid-crystal display device

includes a first substrate for receiving incident light, on
the inner surface of which trahsparent electrodes are
formed; a second substrate which has a reflective film
formed thereon and which is spaced to face the first
substrate with a predetermined spacing; an electro-optical
element held between the first and second substrates, which
electro-optical element has a lamination structure
including a guest-host liquid-crystal layer which contains
a dichroic dye and which is uniformly oriented with respect
to the transparent electrode, and an optical thin-film
layer which has a predetermined optical anisotropic axis
and which is formed at least on the reflective film, the

- optical thin-film layer being formed from a polymer liquid
crystal having liquid crystal molecules which are
.uniaxially oriented along the optical anisotropic axis; and
a passiyation layer which is interposed between the éptical

thin-film layer and the liquid crystal layer.

FIGURE 1A & 4



