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REFLECTI ON TYPE GUEST- HOST LI QUI D CRYSTAL DI SPLAY BACKGRONG .17 1#4slE
I NVENTI ON. v The present invention relates to a reflection type

guest --host™ | i-qui d crystal display, and particularly to a reflection type
guest - hipst. «l i quid crystal display inproved in availability of an incident
light by elimnating a polarizing plate. Liquid crystal displays
have various nodes, which are represented by a TN node using' a tw sted
nematic liquid crystal and a STN node using a super-tw sted nematic liquid
crystal. Such a node requires a pair of polarizing plates on the operating
principle of the REEBECHDON COYERE (BUEST-HOST LIQUID CRYSIARI DISPAY ght

di spl ay screen because of low transmssivity of |ight due to the Iight
absorption of the polarizing plates. A guest-host node using a dichroic
dye has been al so devel oped, in addition to the above nodes. The |iquid

crystal di sphRyRdENGg oF aues trNveRtrIoRde i s

The present invention relates to a reflection type
guest-host liquid cryétal display, and particularly to a
reflection type guest-host liquid.crystal display improved
in availability of an incident light by eliminating a
polarizing plate.

Liquid crystal displays have vérious modes, which
are represented by a TN ﬁode using a twisted nematic liquid
crystal ana a STN mode using a super-twisted nematic liquid
crystal. Such a mode requires a pair-of polarizing plateé
on the operating principle of the mode, and consequently it

. fails to obtain a bright display screen because of low.
transmissivity of light due to the light absorption of the
polarizing plates. A guest-host mode using a dichroic dye
has been also developed, in addition to the above modes .
The liquid crystal display having a guest-host mode is
adapted to obtain a display screen using an anisotropy of
the absorption coefficient of a dichroic dye added in a
liquid crystal. A dichroic dye having'a bar-structure has
dye molecules oriented in parallel to liquid crystal

molecules. When the orientation of liquid crystal
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adapted to obtain a display screen using an ani sotropy -of the absorption
coefficient of a dichroic dye added in a liquid crystal. A dichroic dye
having a bar-structure has dye nolecules oriented in parallel to liquid
crystal nolecules. Wien the orientatio2 of liquid crystal

2 nol ecul es i s changed by applying an electric field, the orientation
of nol ecules of the dichroic dye is also changed. The dye is colored or
not colored in accordance with the orientation thereof, so that the liquid
crystal display can be switched between a colored state and a colorless

state by apm 00, fo) OLL A0 H8 %y WAl ofB oo U9 CS%Eggag_reggf an

Hei |l mei er type gues host shows a

tolLege 1ot copRLLegsShae R Eife 1B :cﬁhe%@%%wps%eﬁs st e,

a positive diglectelc Nl ogiiopy dNG o WY dSbreplh 08, BoLage
with the orientation thereof, so that the liquid crystal
display can be switched between a colored state and a
colorless state by applying a voltage. Figs. 7A and 7B
show the structure oﬁ an Heilmeier type guest-host liguid
crystal display, wherein Fig. 7A shows a voltage not
applied state and Fig. 7B shows a voltage applied state.
The display of this type uses a p-type dye and a nematic
liquid crystal having a positive dielectric anisotropy (Np
liquid crystal). The p-type dichroic dye having an
absorption axis substantially parallel to the molecular
axis strongly abéqrbs a polarized component Lx parallel to
the molecular axis and little absorbs a polarized component
Ly perpendiculaf to the polarized component Lx. In the
véltage not applied state shown in Fig. 7A, the polarized
component Lx contained in an incident light is strongly
absorbed by the p-type dye, so that the liquid crystal
display is colored. On the contrary, in the voltage
applied state shown in Fig. 7B, molecules of the Np liquid

crystal having the positive dielectric anisotropy are

raised in response to an electric field applied thereto,
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absorption axis substantially parallel to the nolecular axis strongly
absorbs a pol arized conponent Lx parallel to the nolecular axis and little
absorbs a pol ari zed conponent Ly perpendicular to the polarized conponent
Lx. In the voltage not applied state sBown in Fig. 7A, the polarized
conmponent Lx contained in an incident light is strongly absorbed by the
p-type dye, so that the liquid crystal display is colored. On the
contrary, in the voltage applied state shown in Fig. 7B, nol ecul es of the
Np liquid crystal having the positive dielectric anisotropy are raised in

response to andemelietuleki 8EdthRePb+EFbd hBieetae also arranged in the
3 and nol ecul es of the p-type die are also arranged in the vertical

direction, agegtiesll 8iebcvhbsh ddex pRdsiiizest WHIPORBB! pblakszbatt!e
absorbed by the p-type dye and thereby the liquid crystal display is not

colored. On thfpoather LRand, 11 he1 LU s20H TYMIRER. theCaPbakngd in the

incident light s never absorbed by the dichroic dye neither in the

vol tage not appkipd shat £ifRial SrydeaV Uiy is not colored. On the
other hand, the polarized component Ly contained in the
incident light is never absorbed by the dichroic dye
neither in the voltage not applied state nor in the voltage
épplied state. For this reason, the Heilmeier type guest-
host liquid crystal display is so designed that a
polarizing plate is previously iﬁterposed for removing the
polarized component Ly.

In a guest-host liquid crystal display using a
nematic licquid crystal, molecules of a dichroic dye added
as a guest are oriented in the same orientation as that of
molecules of the nematic liquid crystal. - The dichroic dye
thus absofbs a polarized component parailel to the -
orientation of molecules of the liquid crystal; however, it
does not absorb a polarized component perpeﬁdicular
thereto. Accordingly, to obtain a sufficient contract, one
polarizing plate is disposed on the light incident side of
the liquid crystal display for allowing the polarizing
direction of an incident light to correspond to the

orientation of molecules of the liguid crystal. The



applied state. For this reason, the Heilneier type guest- host liquid
crystal display is so designed that a polarizing plate is previously
i nterposed for renmoving the polarized conponent Ly. In a
guest-host liquid crystal display using4d nematic liquid crystal

nol ecul es of a dichroic dye added as a guest are oriented in the sane
orientation as that of nolecules of the nematic |iquid crystal. The
di chroic dye thus absorbs a polarized conponent parallel to the
orientation of nol ecul es of the liquid crystal; however, it does not

absorb_a_pol A ragfqﬁpqgﬂﬁlQfggiagaggbsr lgggreﬁgﬁe#g§orQéngly, to obtain

a suff|C|ent co one 'S’ dI"'Sposeéd’ ori t he |ight
i nci dent Sld
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nol ecul es of t | i 4

uid.cr ta
provi si on of®s cﬁﬁﬁ Vyiﬁg Bpétés ﬁB&B&e?O%|§n practice) loses by

the polarizing plate, with a result that the display
becomes dark just as the TN mode. However, if the
polarizing plate is simply removed for solving such a
disadvantag;, the on/off ratio of absorbance is
significantly reduced. From this viewpoint, various
improving structures have been proposed. For example, a
structure has begn proposed in which the polarizing plate
is removed from the light incident side and a quarter-wave
plate and a reflection plate are mounted on the light
outgoing side. This structure has a feature that two
polarized components perpendicular to each other are
rotated in the polarized direction by 90" in the going/
returning path for replacing the polarized components with
each other. As a result, in the off-state (absorpﬁion
state), eath polarized component is absorbed in either the
going path or the returning path. Such a structure,
however, is inconveﬁient in that since the quarter-wave
plate and the reflection plate are mounted outside the
display, the display must be of a transmission type. In

particular, for the display having an active matrix



di sadvant ageous in that 50% of the incident light (this is a theoretical
value and is about 40%in practice) loses by the polarizing plate, with a
result that the display becones dark just as the TN npde. However, if the
pol arizing plate is sinply renmoved for 5ol ving such a disadvantage, the
on/off ratio of absorbance is significantly reduced. Fromthis viewoint,
various inproving structures have been proposed. For exanple, a structure
has been proposed in which the polarizing plate is renoved fromthe |ight

i ncident side and a quarter-wave plate and a reflection plate are nounted

on the |i ghtse QUSRI EsH @ splBlInst AURLYH PGS Fe AR W iAtinwe ,

pol ari zed conponents perpendicular to each other are rotated in the

polarized digng6 QNP AiktbRe §8ENaLivISS YDkl PRddtddied @RlACI NG the

pol ari zed conmponents with each other. As a result, in the off-state

Gorng, bat oA B RSl LAc] SABRRREL | SLANSHDRLD Sigher the
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type. In pqgéiﬁﬁﬁéTé fgjﬁo%p%n i%ﬁé%&anM£Q9 SF gﬁﬁiﬁ@i eﬁgif&ght is
shielded. Consequently, the screen of the display cannot
be significantly made bright even by removal of the
polarizing plate. Another structure of eliminating the
polarizing plate has been known in which all of polarized
components contained in an incident light can be absorbed
using a cholesteric liquid crystal. This structure,
however, has a disadvantage that a half tone éannot be

displayed because of a strong hysteresis of the cholesteric

liquid crystal.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
reflection type guest-host liquid crystal display capable
of enhancirg brightness of a screen without provision of a
polarizing plate.

To achieve the above object, according to a first
aspect of the present invention, there is provided a

reflection type guest-host liquid crystal display



5 structure for displaying a high precise and noving inmage, thin film
transistors for driving pixel electrodes are integratedly forned on a
substrate. In this case, the transm ssion type is undesirable because the
aperture ratio of pixels is |low and tHereby nost of an incident light is
shi el ded. Consequently, the screen of the display cannot be significantly
made bright even by renoval of the polarizing plate. Another structure of
elimnating the polarizing plate has been known in which all of polarized
conponents contained in an incident |ight can be absorbed using a

chol esteri C jcaMidd ngh:Y ot &irsthkbstracéUf6r rSOEBYRig diasiidesddvant age
that a half tone cannot be displayed because of a strong hysteresis of the

chol est eri ¢ 3 JgHiui drSkkShak: tranSHMMORY SredtEoddYRTLA thereon; AN Obj ect

of the present invention is to provide a reflection type guest-host liquid

crystal di SRl fPRMs@rate disposed opposite to the first substrate
at a specifieé interval, which has reflection electrodes
formed thereon; and an electro-optic body for performing
light modulation in response to a voltage applied between
the transparent electrode and the reflection electrode,
which is held in the interval; wherein the electro-optic’
body has a laminated structure of a guest-host liguid
crystal layer and an optical thin £ilm layér, the guest-
host liquid crystal layer containing liquid crystal
molecules uniformly oriented along the tfansparent
electrodes and molecules of a dichroic dye, and the optical
thin film layer having a specified anisotropic optical axis
and being formed along the réflection electrodes; the
liguid crystal layer is changed between an absorption state
and a transmission state in response to a voltage applied
thereto; and the liquid crystal layer in the absorption
state substantially absorbs a first oscillating component
contained in an.incident light and substantially passes a
second oscillating component perpendicular to the first
oscillating component, while the liquid crystal layer in

the transmission state substantially passes both the first



.of enhancing brightness of a screen wi thout provision of a polarizing

pl at.e. To achi eve the above object, according to a first aspect
of the present invention, there is pro%ided a reflection type guest-host
liquid crystal display ' 6 i ncl udi ng:
a first substrate for receiving an incident |ight, which has transparent
el ectrodes forned thereon; a second substrate di sposed opposite to the
first substrate at a specified interval, which has reflection el ectrodes
formed thereon; and an el ectro-optic body for performng |[|ight nodul ation

I n responseahd aeyohflagecihbld i sl keimpedientishe ahdanhgacpbicel egiiode and t he
reflection electrode, which is held in the interval; wherein the

el ectro- opt f¢1mbRayehass aiheeipiial is Ugbihg/ebtargiagt pAeshay i 6l d
crystal layer and an optical thin filmlayer, the guest- host |iquid

crystal |ayehecgaéahdi 88cil Tk the latidnenolBsuhegousi 406REyrI9e i ented al ong
the transparent electrodes and nolecules of a dichroic dye, and the

opti cal pathway, being reflected by the reflection electrode, and

returns along ﬁhe pathway; and the optical thin film layer
converts the second oscillating component into a first
oscillating component perpendicular to the second

oscillating component and allows the first oscillating

component thus converted to re-enter the liquid crystal

layer in the absorption state:

According to a second aspect of the present
invention, there is provided a reflection type guest-host
liquid crystal disgplay including: a first substrate for
receiving an incident light, which has a counter electrode
composed of a transparent electrode formed over the entire
surface of the first substrate; a second substrate disposed
opposite to the first substrate at a specified intexrval,
which has pixel electrodes composed of reflection
electrodes arranged in a matrix and switchiné elements for
individually driving the pixel electrodes; and an electro-
optic body for performing light modulation in responée to a

voltage applied between the transparent electrode and the

reflection electrode, which is held in the interval;



.thin filmlayer having a specified anisotropic optical axis and being
formed along the reflection electrodes; the 1liquid crystal layer is
changed between an absorption state and a transm ssion state in response
to a voltage applied thereto; and thegliquid crystal layer in the
absorption state substantially absorbs a first oscillating conponent
contained in an incident |ight and substantially passes . a second
oscillating conponent perpendicular to the first oscillating conmponent,
while the liquid crystal layer in the transm ssion state substantially

passes bot hwhigeinr 8he electro-optic body has a laminated étructasd sgcond
oscillating conponents; and the optical thin- filmlayer is interposed in a

goi ng/ retur ai ggepethvay Diquidecspoid NHadd laid Re GREReBENELYAI eh1goes
al ong the pathway, being reflected by the reflection el ectrode, and

returns al ongythe EﬁéhﬁﬁéstfﬁﬁkéfE&éﬁEd‘éﬁyéﬂHﬂ‘ﬂHﬂéP l-a¥ehingagverts the

second OSC|IIat|ng conponent into a first =~ oscillating conponent

per pendi cul 8§ 593t Bey8EEPWHolecules uniformly oriented along the
transparent electrode and molecules of a dichroic dye, and
the optical thin film layer having a specified anisotropic
optical axis and being formed along the reflection
electrodes; the liquid crystal layer is changed between an
absorption state and a transmission state in response to a
voltage applied thereto; and the liquid crystal layer in
the absorption state substantially absorbs a first
oscillating component contained in an incident light and
substantially passes a second oscillating compénent
perpendicular to the first oscillating component, while the
licquid crystal layer in the transmission state
substantially passes both the first and second oscillating
components; and the optical thin film layer is interposed
in a going/returning pathway of the second oscillating
component which goes a;ong the pathway, being reflected by
the reflection electrodes, and returns along the pathway;
and the optical thin film layer converts the second

oscillating component into a first oscillating component

perpendicular to the second oscillating component and



.oscillating conponent and allows the first oscillating conponent thus

converted to re-enter the liquid crystal layer in the absorption state.
According to a second aspect of the pregent .invention, there is provided a
reflection type guest-host liquid crystal display including: a first

substrate for receiving an.incident |light, which has a counter el ectrode
conposed of a transparent electrode fornmed over the entire surface of the
first substrate; a second substrate di sposed opposite to the first
substrate at a specified interval, which has pixel electrodes conposed of
reflection Alests athes farsangedil batingt compamshts viushicopveresdnts f or

i ndividually driving the pixel electrodes; and an el ectro- optic body for
perform ng |deglnteaduhat ildauia cegpoaselipern i aHagdhsappltiet beawveen the
transparent electrode and the reflection electrode, which is held in the

i nterval ; Preféieiai) the £be¢érepOddr thady fiam dalam nat ed
structure of

functions as a quarter-wave plate, and has an anisotropic
optical axis crossing the orientation of liquid crystal
molecules of the liquid crystal layer in the absorption
state at an angle of 45°.

The above optical thin film layer also preferably
made of a polymer liquid crystal material containing liquid
crystal molecules uniaxially oriented along the anisotropic
optical axis of the polymer liquid crystal material.

Preferably, the optical. thin film layer is made of
a polymer liquid crystal'material containing liquid crystal
molecules uniaxially oriented along the anisotropic optical
axis of the polymer liquid crystal material, a uniaxially
oriented polymer film, or a low or high molecular weight
thin film prepared by a Langmuir-Blodgett method.

| An oscillating component along the orientation of
molecules of a liquid crystal in the absorpﬁion state is
absorbed by molecules of a dichroic dye which are oriented
in the same orientation as that of the molecules of the
liquid crystal. On the contrary, an oscillating component

perpendicular thereto crosses the orientation of the



.a guest-host liquid crystal layer and an optical thin film |ayer, the
guest-host liquid crystal |layer containing liquid crystal nolecul es
uniformy oriented along the transparepy electrode and nol ecules of a

di chroic dye, and the optical thin filmlayer having a specified
anisotropic optical axis and being fornmed along the reflection

el ectrodes; the liquid crystal layer is changed between an absorption
state and a transm ssion state in response to a voltage applied thereto;
and the liquid crystal layer in the absorption,state substantially absorbs
a first ossoléculesy ebnpomeire ot diheetekiyn idn iisndidene abgbtrbeddoy
substantially passes a second oscillating conponent perpendicular to the

first oscilth¢imogleonhenent  thdhidye,t ehat iigyi dtcdpgstidktliaysubiectdd
transm ssion state substantially passes both the first and second:

osci | | ati ngto chigiotenddulatnibri he 2apidreHHing ion thiel prkagat ifventespposed in
a goi ng/returning pathway of the second oscillating conponent which goes

al ong the pathewyr, bendly &efdaetiahding ffd&mﬂo@feh‘?ﬁ?hﬁﬂe@ eatbegRSthand
returns along the pathway; and the optical thin | m | ayer converts the

second ~osclid@id NGrEoPPDEMferd Nehtierids arPopiricat ealﬁommemyer,
perpendi cul ar to the second oscillating conponent and
being further reflected by a reflection electrode, and
passes through the optical thin film layer again. In other
wo;ds, the oscillating component passes twice through the
optical thin film léyer functioning as a quarter-wave
plate, and thereby it is rotated in oscillating direction
(polarizing direction) by 90° . The orientation of the
oscillating componeﬁt thus corresponds to the orientation
of moleculeé of the liquid crystal in the absorption state,
and thereby the oscillating component is absorbed by the
dichroic dye. 1In this way, all of the oscillating
components contained in an incident light are necessarily
absorbed in either the going path or the returning path, to
thereby eliminate the polarizing plate provided outside the
dispiay. This makes it possible to obtain.a contrast
substantially equal to that of a transmission type guest-
host liquid crystal display with a polarizing plate even by
eliminating the polarizing plate.

According to the present invention, the polarizing



.9 allows the first oscillating component thus converted to re-enter
the liquid crystal layer in the absorption state. Preferably, the
above optical thin filmlayer functiong as a quarter-wave plate, and has
an anisotropic optical axis crossing the orientation of liquid crystal
nol ecul es of the liquid crystal layer in the absorption state at an angle
of -45 . The above optical thin filmlayer also preferably nade of
a polymer liquid crystal material containing liquid crystal nolecul es
uni axially oriented al ong the anisotropic optical axis of the polyner
liquid crystlateatcan fle eliminatedppyf trepryorating piafdgctdonn film |l ayer
is made of a polymer liquid crystal material containing Iiquid crystal
mol ecul es urel@dtaiddesordinemt guestohgsthiianid otryatiad chispdaly aadi s of the
polymer liquid crystal material, a uniaxially oriented polyner film or a
| ow or hi gh amteedimicarthseirgifflectiion éléeotpedearwitibyam dpdrigali thBhodget t
nmet hod. An oscillating conponent along the orientation of
nol ecul es offidm ilguyiet .cr §ayelrsi ovehethbspefleoniad atledtrodes must be
light-transmissive but layers under the reflection
electrodes must not be light-transmissive. Accordingly,
even when reflection electrodes composed of pixel
electrodes arranged in a matrix are provided and thin film
transistors functioning as.switching elements are
integratedly formed on the lower portions of the pixel
electrodes, no adverse effect is exerted on the apefture
ratio of the pixels. With the structure of the present
invention, the availability of an incident light can be
significantly improved because all layers over the
reflection electrodes can be wholly used as a display

region.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a typical sectional view of a first
embodiment-éf a-reflection type guest-host liquid crystal
display of thé present invention;

Fig. 1B is a typical plan view of the first

embodiment shown in Fig. 1A;



absorbed by nol ecul es of a dichroic dye which are oriented in the sanme
orientation as that of the nolecules of the liquid crystal. On the
contrary, an oscillating conponent pergendlcular thereto crosses the
orientation of the 2 10 nmol ecul es of
the dye and thereby it is little absorbed by the nolecules of the dye,
that is, it is little subjected to |light nodulation. According to the
present invention, however, such an oscillating conponent passes through
the liquid crystal layer, entering an optical thin filmlayer, being

further reflected byrgyreflgctd ?ﬁr@l‘a@t rs,@@%,loaa@l vRERSES1LLE LM hd e
optical thin filmlayer agaln n ot her ds, the oscillating conponent

passes 1w ceolbaugl, (e ptindl temo@dahgme ¥ YAC10BI N nd 1n;

quarter-wave ~plate, and t e 'S rotate In oscillating direction

(pol arizing directigp.by 3%9[&\; r3]D ameﬁ’t gcggsah&gaﬁng'{“ec%ﬁes illating

conmponent thus corres onds to the ofie tion the liquid
crystal in txg&k?@éoéftf&ﬂnﬁ{gata% optical thin film layer used for the

first embodiment shown in Figs. 1A and 1B;
Fig. 4 is a typical diagram showing one example of
a polymer liquid crystal forming the optical thin film
layer;
Figs. 5A to 5D are diagrams illustrating anogher
method of forming the optical thin film layer;
Fig. 6 is a typical sectional view of a second
embodiment of the reflection type guest-host liquid crystal
" display of the present invention; and
Figs. 7A and 7B are typical views showing a guest-

host liquid crystal display according to a related art.

DI;'I‘AILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, preferred embodiments of the presént
invention will be described in detail with reference to the
drawings. Figs. 1A and 1B show a first embodiment of a
reflection type guest-host liquid crystal display of the
present invention. Referring to Fig. 1A, the display of

the present invention has an upper substrate 1 and a lower



and thereby the oscillating conponent is absorbed by the dichroic dye. In
this way, all of the oscillating conponents contained in an incident |ight
are necessarily absorbed in either the _going path or the returning path,
to thereby elimnate the polarizing pl a®e provided outside the display.
This makes it possible to obtain a contrast substantially equal to that of
a transm ssion type guest- host liquid crystal display with a polarizing
plate even by elininating the polarizing plate. According to the
present invention, the polarizing pl ate can be elim nated by

i ncor porati ngphmfzfaem iDn  Theatppedesubstaageedt - khbeh| 1 guhaieroitgllasd spl ay
and covering the reflection electrodes with an optical thin filmlayer.
Layers over édhethefliid) ok eiatigdadthmishnbparbhghélécansdes s \endut

| ayers under the reflection electrodes nust not be |light-transm ssive.

Accor di ngl y, recyBreshan iredidRaid Qigdlect Thdesransposeast odlaiwldes 3
are patterned, for example, into stripes along rows. The
lower substrate 2 is formed with reflection electrodes 4
which are patterned, for example, into stripes along
coiumns. The transparent electrodes 3 thus cross the
reflection electrodes 4 in a matrix, to form a simple

| matrix type liquid crystal display. The lower substrate 2

is opposed to the upper substrate 1 in such a manner as to
be spaced at a specified interval. 2an electro-optic body 5
is held in the interval betweenthe substrates 1 and 2 and
performs light modulation of an incident light in response
to a voltage applied between the transparent electrode 3
and the reflection electrode 4. The electro-optic body 5
has a laminated structure of a guest-host liquid crystal
layer 6 and an optical thin film layer 7. The liquid
crystal layer 6 contains liquid crystal molecules uniformly
oriented along the transparent electrodes 3 and molecules
of a dichroic dye 8. The optical thin film layer 7 has a
specified anisotropic opfical axis, and is formed along the

reflection electrodes 4.

The liquid crystal layer 6 is changed into an



_electrodes arranged in a matrix are provided and thin film transistors
functioning as swtching elenents are integratedly fornmed on the | ower
portions of the pixel electrodes, no adverse effect is exerted on the
aperture ratio of the pixels. Wth thelstructure of the present
I nvention, the availability of an incident |ight can be significantly
i nproved because all |ayers over the reflection electrodes can be wholly
used as a display region. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1Ais a typical sectional viewof a first enbodinent of a reflection
type guest - absorptiomdstaystand alitErsmistsicne sgaésent Figvehdi shows
Fig. 1Bis a typical plan view of the first enbodinent showmn in Fig. 1A
12 the liquid2crgsaaldyerdt &eat ithralabsiogwtibhustaag| nghidie
substantially absorbs a first oscillating component X
contained in an incident light and substantially passes a
second oscillating component perpendicular to the first
oscillating component. On the contrary, the liquid crystal
layer in the transmission state substantially passes both
the first and second oscillating components X and Y. As
shown in Fig. 1A, nematic liquid crystal molecules 9 in the
absorption state are oriented in the horizontal direction,
and thereby molecules of the dichroic dye 8 are also
oriented in the horizontal direction. In this embodiment,
the ligquid crystal layer 6 exhibits the absorption state
when no voltage is applied, and it is changed into the
transmission state when a voltage is applied. For
satisfying such a condition, the nematic liquid crystal
molecules 9 are selected to have a positive dielectric
anisotropy and are previously controlled to be oriented in
the horizontal direction (homogeneously oriented) by upper
and lower orientation films 10 and 11. fThe liguid crystal
layer 6 can also exhibit the absorption state shown in Fig.

1A when a voltage is applied. For satisfying such a

condition, the nematic liquid crystal molecules 9 are



operation of the first enbodi mrent shown in Figs. 1A and 1B; Fi gs.

3A to 3D are process diagrans showing a nethod of formng an optical thin
filmlayer used for the first enbodi nent shown in Figs. 1A and 1B;

Fig. 4 isa typical diagramshow ng one exanple of a polyner liquid
crystal formng the optical thin film |ayer; Figs. 5A to 5D are
diagrans illustrating another nethod of formng the optical thin film

| ayer; Fig. 6 is a typical sectional view of a second enbodi nment

of the reflection type guest-host liquid crystal display of the prese

i nvention;

host liquid crystal display according to a related art. DETAI LED
DESCRI PTI ON &bt il RBGEERRAR By VENESinterposedHer ea ngdims, preferred
enbodi ments of the present invention will be described in detail with

reference toréfi@rniHAWNES offitdfe sbbonddotBishaviagf éomborditods RRAIOT a
reflection type guest-host |iquid crystal display of the present

i nventi on.

Reb&d rd Tehd %}Féé oitly delt®,dbaRhayrak1etbeaPEEs@ invention

an upper substrate 1 an

ower
reflection electrode 4, and returns along the returning

path. The optical thin film layer 7 converts the second
oscillating component Y into a.first oscillating component
and allows the first oécillating component thus converted
to re-enter the liquid crystal layer 6 in the absorption
state.

The optical thin film layer 7 functions as a
quarter-wave plate. As shown in Fig. "1B, the anisotropic
optical axis of the optical thin film layer 7 crosses the
orientation of molecules of the liquid crystal layer in the
absorption state at an angle of 45 . The second
oscillating component Y (linearly polarized component)
transmitting through the liquid crystal layer 6 in the
absorption state is perpendicular to the orientation of the
liquid crystal. Also, the second oscillating component Y
crosses the anisotropic 6ptical axislof the optical thin
film layer 7 at an angle of 45° . The second oscillating
component Y (linearly polarized component) is converted

into a circularly polarized component by transmitting

nt

apéllected to Haws.a toantdvéBdietetypicabnisemsomhowiTige a guest -

has



13 substrate 2. The upper substrate 1, which is nade of glass or the
like, is fornmed with transparent electrodes 3 and receives an incident
light. The transparent electrodes 3 arg patterned, for exanple, into
stripes along rows. The |ower substrate 2 is formed with reflection
el ectrodes 4 which are patterned, for exanple, into stripes along .
colums. The transparent electrodes 3 thus cross the refléction el ectrodes
4 in a mtrix, to forma sinple mtrix type liquid crystal display. The
| ower substrate 2 is opposed to the upper substrate 1 in such a manner as
to be spacethaeugh speeiquattemwavealplage el 8ber civpulexrbpdyobarizediel d in
the interval between the substrates 1 and 2 and perforns |ight nodul ation
of an i nci dectvmpongt i bs nesplosseed ty aheolrefjecapphi ellebetogenandiechen
transparent electrode 3 and the reflection electrode 4. The el ectro-optic
body 5 has entem tia¢ egustterctwave gflareguestiniost bequbdverysfalntd ayer 6
and an optical thin film{ayer 7. The liquid crystal |ayer 6 contains
| i qui d crystainasmtPeubebartitddrdadmponent (first oscillating component

X) perpendicular to the second oscillating component Y. In

this way, the first oscillating component X thus converted

is absorbed by the liquid crystal layer 6 in the absorption

state.

Fig. 2 shows a transmission state of the liquid

crystal layer 6, in which the nematic liquid crystal

molecules 9 are oriented in the vertical direction and

thereby the molecules of the dichroic dye 8 are also

oriented in the vertical direction. Accordingly, the

liquid crystal layer 6 in the transmission state

substantially passes the first and second oscillating

components X and Y. The reflection light is not subjected

to light modulation because only the first and second

oscillating components are replaced with each other. The

nematic liquid crystal molecules 9 having a positive

dielectric anisotropy are raised in response to a voltage

applied thereto and are oriented in the vertical direction.

In addition, as described abéve, the nematic liguid crystal

molecules 9 can be oriented in the wvertical direction



oriented along the transparent el ectrodes 3 and nol ecules of a dichroic
dye 8. The optical thin filmlayer 7 has a specified anisotropic optical
axis, and is forned al ong the reerctioT7eIectrodes 4, The liquid
crystal layer 6 is changed into an . 14
absorption state and a transm ssion state. Fig. 1A shows the liquid
crystal layer 6 in the absorption state, which substantially absorbs a
first oscillating conmponent X contained in an incident |ight and
substantially passes a second oscillating conponent perpendicular to the
first oscill(abmegtroppoadhy. ofhehbed o ridtey volltage guitdappysedl stheyer in
the transm ssion state substantially passes both the first and second

osci |l ati ng bgnpudeabiyXsabdctindsthes mawerdinlls @f the Beiehtathibgui d
crystal nolecules 9 in the absorption state are oriented in the horizontal

direction, &idmkheoehyamieculestiofs tdisdli dunRitgcdyeqdiar exrghgQl oriented

in the horizontal direction. In this enbodinment, the liquid crystal |ayer

6 exhibits thelaba0ept BORatiny€a negative dielectric anisotropy are
used, and are changed to be oriented in the horizontal
direction in response to a voltage applied thereto. At
this time, the nematic liquid crystal molecules 9 may be
previously pre-tilted in the vertical oriented state for
making constant the horizontal orientation.

The configuration of the first embodiment will be

described in detail withlreference to Figs. 1A, 1B and Fig.
2. In the liquid crystal display of the present invention,
the liguid crystal layer 6 is made of the nematic liquid
crystal molecules 9 added with a dichroic dye 8 having a
coior such as black. Molecules of the liﬁuid cfystal layer
6 mixed with the dichroic dye 8 are orientated in the
horizontal or vertical direction. The reflection
electrodes 4 are formed of a film of a metal having a higﬁ
reflectivity guch as aluminum or silver. Accordingly, the
display is of a reflection type. The transparent optical
thin £ilm layer 7 capable of imparting a phase difference
of A1/4 to a wavelength in the visible region (400 to 700

nm) is formed on the reflection electrodes 4. When the



when no voltage is applied, and it is changed into the transm ssion state
when a voltage is applied. For satisfying such a condition, the nematic
liquid crystal nolecules 9 .are selectﬁg to have a positive dielectric

ani sotropy and are previously controlled to be oriented in the horizontal
di rection (honogeneously oriented) by upper and |ower orientation filnms 10
and 11. The liquid crystal |ayer 6 can also exhibit the absorption state
shown in Fig. 1A when a voltage is applied. For satisfying such a
condition, the nematic liquid crystal nolecules 9 are

15 °  sel edtieptico chryetad Aeyeri feidi dhethei bonhiotabmrieitatiopti cal thin
filmlayer 7 is interposed in a going/ returning path of the second

osci | | ati ng thampptdatalY adiisoiiroggesfatbhagoptiecgbi tigipafiim deiyey ffefilsect ed
by the reflection electrode 4, and returns along the returning path. The
optical thirnifiddndtayer ahgienvér 85° the t$es oxh emasaiildmibifngheoapqagdat Y into

a first oscillating conponent .
crystal layer 6. When the liquid crystal layer 6 is
previously in the vertical orientation,-the optical
anisotropy of the optical thin film layer 7 is tiled at an
angle of 45° to the césine direction of the liquid crystal
molecules 9 having a pre—tiit angle. The optical thin film
layer 7 is made of a polymer liquid~c£ystal material
containing liquid crystal molecules uniaxially orientated
along the optical anisotropy of the optical thin film layer
7. The optical thin film layer 7 may be formed of an
optical uniaxial high or low molecular weight film prepared
by a Langmuir-Blodgett method (hereinafter, referred to as
"LB method"). It may be also formed of an optical uniaxial
thin £ilm of a mixture of a polymer and liquid crystal

- molecules.

The action of the reflection type guest-host liguid
crystal display of the present invention will be described
in detail'with reference to Figs. 1A, 1B and Fig. 2. When
a light enters the display in the horizontal orientation
state shown in Fig. 1A, the incidenf light can be divided

into a first oscillating component X and a second



.and allows the first oscillating conponent thus converted to re-enter the
liquid crystal layer 6 in the absorption state. The optical thin
filmlayer 7 functions as a quarter-maFg plate. As shown in Fig. 1B, the
ani sotropic optical axis of the optical thin filmlayer 7 crosses the
orientation of nolecules of the liquid crystal layer in the absorption
state at an angle of 45 . The second oscillating conponent Y (linearly
pol ari zed conponent) transmitting through the liquid crystal layer 6 in

the absorption_state is perpendicular to the orientation of the Iliquid
crystal . AI§§Clﬂﬂét§§8bﬁ8mB§E?PFa¥|WEF%%ﬁﬁﬂ%éﬁﬂa¥lz@@0§§@§oﬂﬁ§tﬁn|sotroplc
optical axis of the optical thin filmlayer 7 at an angle of 45[err] . The

second osci Pexpergickdapohencach (pthrtay | yThe|friste @seddpatiang) is converted
into a circularly polarized conponent by transmtting
16 t hr oggmpehengus, t whighvies pprientehelritheulsamey dasestigndas conponent
Is reflected by the reflection el ectrode and then

that of molecules of the liquid crystal layer 6, is

absorbea by molecules of the dichroic dye 8 oriented in the
same direction. On the contrary, the second oscillaﬁing
component Y, which is perpendicular to the orientation of
the molecules of the dye, is not absorbed by the dye at
all. Accordingly, the second oscillating component Y
passes through the liquid crystal layer 6, entering the
optical thin film layér 7 functioning as a quarter-wave
plate, being then reflected by the reflection electrode 4,
and passes through the optical thin film layer 7 again.
The second oscillating component Y thus passes twice
through the optical thin film layer 7 in the going and
returning paths, and is rotated by 90" in the polarizing
direction (that is, the orientation thereof corresponds to
that of the liquid crystal layer 6) and thereby it is
absorbed by the liquid crystal layer 6. In this.way, all
of the oscillating components contained in an incident
light can be absorbed by the liquid crystal layer 6 in
either the going path or the returnihg path. As a result,

it is possible to obtain a contrast comparable to that of a



enter the quarter-wave plate again, to be converted into a linearly

pol ari zed conponent (first oscillating conponent X) perpendicular to the
second oscillating conponent Y. In this way, the first oscillating
conponent X thus converted is absorbedzﬁy the liquid crystal layer 6 in
the absorption state. Fig. 2 shows a transm ssion state of the
liquid crystal layer 6, in which the nematic liquid crystal nolecules 9
are oriented in the vertical direction and thereby the nol ecul es of the
dichroic dye 8 are also oriented in the vertical direction. Accordingly,
the |iquid wransrElssiapertydd guelseé-hoanskiguidncsystal didplantiidlt v passes
the first and second oscillating conponents X and Y. The reflection |ight
i s not subj extledrizimd ipdliteroddithbuanpbevinsenoahy pdbafizisig apilditsecond
oscillating conponents are replaced with each other. The nematic liquid

crystal nol ecul es 9 Thayifegtareosift the pdesbact ihcertdOtIOMb ot & sed in
response to a voltage applied thereto and are oriented in the vertical

direction. Jdi=addll i:@isATAECobRedadbenen ENBmNEAPéT CEUASHE hitigy sl

nol ecul es 9 can be oriented in the vertical direction
a quarter-wave plate on the reflection electrodes. Various
methods have been known for forming such a uniaxial
anisotropic optical thin film layer. For example, a
polymer liquid crystal material (aromatic polyester,
siloxane resin or the like as a liquid crystal polymer) is
arranged on a substrate at a temperature forming a nematic
layer or smectic A layer and is then solidified by cooling
it to room temperature, to obtain a uniaxial anisotropic
optical thin film layer. Moreover, a polymer having a
birefringence (gcrylstyrene resin or polycarbonate resin)
is arranged on a substrate by the LB method, to form an
optical thin film layer (1/4.1ayer) having an anisotropic
optical axis which functions as a quarter-wave plate. In
addition, a liquid crystal polymer is injected on a
substrate at a teﬁperature forming a nematic layer ér
smectic A layer, and is mechanically arranged using a
squeegee, to form a A/4 layer. According to the present
invention, a desirable optical thin f£ilm layer is formed on

the reflection electrodes using either of the above-



17 (honeotropically oriented) in the voltage not applied state by
suitably selecting the materials of the orientation filns 10 and 11. In
this case, nematic liquid crystal nolecules 9 having a negative dielectric
ani sotropy are used, and are changed 23 be oriented in the horizontal
direction in response to a voltage applied thereto. At this tine, the
nematic liquid crystal nolecules 9 may be previously pre-tilted in the
vertical oriented state for making constant the horizontal orientation.
The configuration of the first enbodinent will be described in detail with
reference todésgsibad\ A VB dageEi forming Imetinmdsd i quitee diiyst &hidksepbay of the
present invention, the liquid crystal layer 6 is nmade of the nematic
liquid crysofilthel 2odl dayeraddadbai $bf Aicl ety cediyved byaforgiag col or
such as black. Mdlecules of the liquid crystal layer 6 mxed with the
di chroi ¢ dyet®e ak ¢ 40niagriraizgdnignat Belyher | Honimd Dmiver aindsbtdbopgcbfon. The
reflection electrodes 4 are formed of a filmof a nmetal having a high
reflectivityrefiedctasornl fHetusM infi | vehe ARONAveg ¥ant Be thus formed

on the reflection electrodes by a coating method, to

thereby simplify the manufacturing processes of the

‘display.

The method of forming the optical thin film layer 7

will be described in detail with reference to Figs. 3A to

3D. Here, the optical thin film layer is formed of a

polymer liquid crystal material containing liquid crystal

molecules uniaxially oriented along tHe anisotropic optical

axis. First, as shown in Fig.-3A,.a substrate 2 made of

glass is cleaned and then a metal film is formed on the

surface of the substrate 2 by sputtering or wvacuum

deposition. The metal film is patterned in a specified

shape, to form reflection electrodes 4. The surfaces of

the reflection electrodes 4 are then covered with an

underlayer orientation film 13 as shown in Fig. 3B. The

underlayer orientation film 13 is subjected to rubbing.

along a specified direction. The underlayer orientation

£film 13 is covered with a polymer liquid crystal as shown

in Fig. 3C. The polymer liquid crystal is for example of a



display is of a reflection type. The transparent optical thin filmlayer 7
capabl e of inparting a phase difference of [err] /4 to a wavelength in the
visible region (400 to 700 nm is fornpgd on the reflection electrodes 4.
When t he 18 liquid crystal |ayer 6
Is in the horizontal orientation, the optical anisotropy of the optical
thin filmlayer 7 is tiled at an angle of 45 to the orientation of the
liquid crystal layer 6. Wien the liquid crystal layer 6 is previously in
the vertical orientation, the optical anisotropy of the optical thin film
layer 7 is t9ide chaign tvasghevéhoipendanke efskhesogen egxrdurs off tthe i quid
crystal nolecules 9 having a pre-tilt angle. The optical thin film |ayer
7 i s made ofbenzmiloyemtdd guistenr.ysThe peaipmeal ligend a¢xysikpl iigii d crystal
nol ecul es uniaxially orientated along the optical anisotropy of the

opti cal thi rlifddabvedl,erin An Emeuopt palfrohi B ol fwiayeriy amyixdeed f or med of
an optical uniaxial high or |ow nolecular weight filmprepared by a
Langnui r - Bl cdgfleitti oretdodyvdleheixaakt ahd methyledthyl dsetone in a ratio .

of'8 : 2. The solution is spin-coated on the underlayer
orientation film 13 at a rotational speed of, for example,
1000 rpm, to form a film of pélymer liquid crystal. The
polymer liquid crystal is then heated once to an optically
isotropic phase by heating the substrate, and gradually
cooled to room temperature by way of a nematic phase. The
polymer liquid crystal in the nematic phase -has a desirable
uniaxial anisotropy, that is, molecules of the liquid
crystal are oriented along the rubbing direction of the
underlayer orientation film 13. The uniaxial anisotropy in
the nematic phase is fixed by cooling thé substrate 2 to
room temperature. Liquid crystal molecules contained in
the polymer liguid crystal are uniaxially oriented by such
annealing, to obtain a desirable optical thin film layer 7.
Finally, an orientation film 11 is formed on the optical
thin. £ilm layer 7 -as shown in Fig. 3D. The orientation
£ilm 11 is subjected to rubbing along a specified
direction. The orientation film 11 allows a guest-host

liquid crystal layer 6 formed thereon to be oriented in the



"LB nethod"). It may be also fornmed of an optical uniaxial thin filmof a
m xture of a polynmer and liquid crystal nolecules. The action of
the reflection type guest-host liquid %p¥stal di spl ay of the present

i nvention will be described in detail h reference to Figs. 1A, 1B and
Fig. 2. Wien a light enters the display in the horizontal orientation
state shown in Fig. 1A, the incident light can be divided into a first
oscillating conponent X and a second 19
oscillating conponent Y which are polarized conponents perpendicular to

each ot her. ﬁ8§1£bﬁE£1OéfféééiéﬁgmmeﬂRQﬂ%&ifﬁnc@ﬁbﬁ@ hg Qrbestethdn the
sane direction as that of nolecules of the liquid crystal Iayer , IS

absorbed by ng #@E%SEwQ&ntEﬁe%&mlﬂ %R i Q:glfy:;'es@do»fntﬁaeo

direction. he contrary, the secon osci | conponeﬁ? Y, which is

gg;gsgggcg'ya;zgm EDEmOT 4F0E 2 | Ml Une (RESHESH &iqeiat beydy¥s: 4f R

liquid crystal layer 6. The rubbing direction of the
orientation film 11 crosses the rubbing direction of the
underlayer orientation film 13 at an angle of 45 .

One example of the polymer liquid crystal will be
described with reference Fig. 4. As shown in Fig. 4, the
polymer liquid crystal contains rigid mesogen groups
(ligquid crystal formihg groups) A, like the chemical -

" structure of a core portion of a low molecular weight
liquid crystal. The mesogen groups A are connected to main
chains C of a polymer having structural units such as
acrylic, methacrylic or methylsiloxane units through
flexuous side chains B (for example, polyethylene or
polyoxyethylene chains). Sucl a structure is called a side
chain type polymer liquid crystal having pendants of
mesogen groups. The pélymer liquid crystal exhibits a
ﬁematic, smectic or cholesteric phase depending on the

stucture, like the low molecular weight liquid crystal.

In general, the liquid crystal temperature range of the

polymer liguid crystal is usually higher than that of the

low molecular weight liquid crystal, and the phase



all. Accordingly, the second oscillating conponent Y passes through the

liquid crystal |layer 6, entering the optical thin filmlayer 7 functioning

as a quarter-wave plate, being then reflected by the reflection el ectrode

4, and passes through the optical thinZilmlayer 7 again. The second

oscillating conmponent Y thus passes twice through the optical thin film

| ayer 7 in the going and returning paths, and is rotated by 90[err] in the

polarizing direction (that is, the orientation thereof corresponds to

that of the liquid crystal |layer 6) and thereby it is absorbed by the

liquid cryst I t ent.s
fhaha¥simitibh Egm?ei’@ﬁ’mré‘ bf tﬁﬁ% ﬂtﬁby = 1:] S d&?@m yEQ.'f!‘. RE

contained in an incident |ight can be absor stal |ayer

6 in either; b@%eggbagwﬁl%htﬁé Mf"eé@%%% mt,@ﬂ%rgg IFH%S BdAWdrysthh 1S

possi ble to obtarn contrast conpara

2 i 2t ha FLABLOLLYBCAHES iR he LGN ed P Al AARIY Wiihodine

pol ari zi ng pla OvI'Sion” any po i'ng
feature of thg pregent, LOYENLLQPnLSoE Otﬂé’rﬂ & chain type polymer

liquid crystal.

Figs. 5A to 5D show one example of forming an
optical thin film layer having a uniaxial anisotropy using
the LB method. Organic molecules.are absorbed on a water
surface to form a layer having a thickness of one molecule,
that is, a monomolecular layer. The monomolecular layers
thus obtained are sequentially laminated on the surface of
a solid, to thereby form a thin film.- Suéh a method is
called a monomolecular layer laminating method, or LB
method. In general, a f£film forming material has the form
of a surface-active molecule composed of a polar portion
called a hydrophilic group and a rionpolar group called a
hydrophobic group. Molecules, each having a good balance
of both the portions, form an absofbed monomolecular layer
when they are developed on a water surface. WwWhen molecules
are scattered as shown in Fig. 524, they form a two-
dimensional gas film. When molecules are compressed by
moving partitioning plates to each other as shown in Fig.

5B, the surface pressure applied to the molecules is



.uni axi al anisotropic optical thin filmlayer functioning as a quarter-wave
plate on the reflection el ectrodes. Various nethods have been known for
form ng such a uniaxial anisotropic optical thin filmlayer. For exanple,
a polymer liquid crystal materi al (aro%%tic pol yester, siloxane resin or
the like as a liquid crystal polyner) is arranged on a substrate at a
tenperature formng a nematic |ayer or snectic-A |layer and is then
solidified by cooling it to roomtenperature, to obtain a uniaxi al

ani sotropic optical thin filmlayer. Mreover, a polynmer having a

bi r ef ri ngenGigchRREESt WeeForinesl Bwe dRRENSBSRONadchdaiidd fill,.ar rasged on a
substrate by the LB nethod, to forman optical thin filmlayer ([err]/4

layer) havi i pitles@! b¥Piche ERUICEbrAXhE MAE&H {UNG IRNF ARed by
gquarter-wave plate. In addition, a liquid crystal polymer is injected on a

substrat e atyA-il R fethided . 0aNcPPi Bal Bl Cob 1¥thcd™BE ite Askayer, and
I's mechanically arranged using a ~squeegee, to forma [err] /4 | ayer. :

f‘CCQr ding tQ,dihe ree%%&fanilc“%%@%g& e é?&hﬁ;&% Rintfifing bm layer is

ormed on the reflection electrodes using either of the above-
film forming material and a volatile organic solvent is
dropped on a water surface, the droplet covers the water
surface and molecules of the film forming material rémain
after volatilization of the solvent. A surface pressure is
then applied to a monomolecular layer on the water surface
as shown in Fig. 5C, to form a condensed film. Next, as
shown in Fig. 5D, a substrate is moved up and down while
crossing the watef surface, and thereby a monomolecular
layer adheres on the substrate for each movement. As a
result, a LB film thus obtained has a layer structure of
two monomolecular layers as a unit. Such a lamination is
called a Y-type method. In some cases, a monomclecular
layer adheres on the substrate at the time of either
pulling-up or dipping from the water. A A/4 layer having
an anisotreopic optical axis can be formed on a substrate by
arrangement of a polymer (acrylstyrene resin or
polycarbonate resin) having birefringence on the substrate
by the LB method.

L]

Fig. 6 is a typically partial sectional view



21 described [err]/4 layer form ng nethods. The filmthickness of the
[err] /4 | ayer can be sufficiently reduced by formng the [err]/4 |ayer
using a polynmer having a high anisotropy of refraction factor ([err]n).
The [err] /4 layer can be thus forned @& the reflection electrodes by a
coating nethod, to thereby sinplify the manufacturing processes of the

di spl ay. The nmethod of formng the optical thin filmlayer 7 wll
be described in detail with reference to Figs. 3Ato 3D. Here, the optical
thin filmlayer is formed of a polyner liquid crystal material containing

i quid crystghowmbesugséoﬂal ézﬁbé’chixh{ex%'&f‘t&% a&méta%na&y@@t EABkE-opti cal
axis. First, as shown in A, a substrate 2 made of "glass is cleaned

and then a ngLal iiéguaepigéesﬂn&{%f&gg[&?é%ﬂsm ishakighe 2rhys

sputtering or vacuu itio I"'mis patterned In a

speci fied Sdnh«gnfzoig‘ é?{i\%f&}'ﬁ? ﬁésgfé rcfz%?ﬁr?% > to f 368S £Qb gL he

reflection ectrodes 4 are en covere ayer ori enfat I on

fil mi3 as Q&wggmeﬁkgs,héﬁn Ther, 0967, A4es ) SR LherefoL:@ 13 i's

subj ected to rubbing

corresponding parts are indicated by the same characters
for a clearer understanding. Referring to Fig. 6, an upper
substrate 1 has a counter electrode 3a composed of a
transparent electrode formed over the entire surface of the
upper substrate 1, and a lower substrate 2 has pixel
electrodes 4a composed of reflection electrodes arranged in
a matrix. Namely, although the first embodiment is of a
simple matrix type, the second embodiment is of an active
matrix type. Thin film transistors (TFTs) corresponding to
the pixel electrodes 4a patterned in a matrix are also
integratedly formed on the inner surface of the lower
substrate 2 in addition to the pixel electrodes 4a. The
TFTs function as switching elements for individually
driving the pixel electrodes 4a. Specifically, a signal
voltage is written in'a pixel electrode 4a by seiective
on/off control of the TFT corresponding to the pixel
electrode 4a. A drain region D of the TFT is connected to
the pixel electrode 4a, and a sourcé region S of the pixel

electrode 4a is connected to a signal line 21. A gate



along a specified direction. The underlayer orientation film13 is covered
with a polymer liquid crystal as shown in Fig. 3C The polymer liquid
crystal is for exanple of a _ 22 si de
chain type having pendants of nesogen grdups of a benzoic ester system

The polyner liquid crystal is dissolved, in an ampbunt of from3 to 5 w%
in a mxed solution of cycl ohexane and nethyl ethyl ketone in a ratio of

8 : 2. The solution is spin-coated on the underlayer orientation film213
at a rotational speed of, for exanple, 1000 rpm to forma film of polyner

liquid crystallectiedepd Wielhlel qeirdisr¥shednhsud heh Depird 19nee tq an
optically isotropic phase by heating the substrate, and gradually cool ed

Lo room { enpafolding Bphey cofr esNeRBEESpaRERsy Hieadippiik ld1ddkdogey st al
in the nemati c phase has a desirable uniaxial anisotropy, that is,

mol ecul es of 4:1qd o £orinsdl. 2l TRECHOREELAELALANY 419 d WICRG18Lh g6t i On
| m13. y he

of the underlayer orientation fi The uni axial anisotropy 1n

nemati ¢ phasg dad Alticse ¢ B %BQ'E?@,tﬂ@l&fgétééﬁééfkéf)Cs and signal line

21 by a planarization film 22. On the other hand, the
counter electrode 3a is formed over the entire inner
surface of the upper substrate 1. 2n electro-optic body 5
is held in an interval between the opposed substrate 1 and
2. When a signal voltage is Qritten in the pixel electrode
4, an electric fie;d is generated between the pixel
electrode 4 anq the counter electrode B3a, and tﬂereby the
electro-optic body 5 is changed'betﬁeén an absorption state
and a transmission state. Such an optical change appears
for each pixel electrode, to thereby display a specified
image. The TFT, holding capacitor Cs and signal line 21
are disposed under the pixel electfode 4a. These
components are not interposed in an incident light path,
and thereby they do not exert any effect on the aperture
ratio of the pixels. In other words, the areas of the
pixel electrodes 4 are used as the aperture of the image,
enabling an extremely bright display.

As described above, the present invention provides

a reflection type guest-host liquid crystal display



roomtenperature. Liquid crystal nolecules contained in the polyner |iquid
crystal are uniaxially oriented by such annealing, to obtain a desirable
optical thin filmlayer 7. Finally, an orientation film1l is formed on
the optical thin, filmlayer 7 as showm in Fig. 3D. The orientation film
11 is subjected to rubbing along a specid@ ed direction. The orientation
film1ll allows a guest-host |iquid crystal |ayer 6 fornmed thereon to be
oriented in the 23 hori zont al
direction and also it functions as a blocking |ayer between the pol yner
liquid crystal of the optical 'thin filmlayer 7 and the guest-host liquid
crystal of the _liquid crista[ | ayer 6. The rubbing direction of the

orientation fPFAI9INGr EeELeCEhen EherHEPdrs aumne dmaidle thedEirryay

orientation film13 at  ,an ang[e of _45[err]. . . One exanple of the
pol yner |i quRBScapsPRELGRL then &hkwr{aer viunctiandneh@s B guartess shown

in Fig. 4, the polyner liquid crystal contains rigid nmesogen groups
wave plate formed on €he reflection electrodes. The

anisotropic optical axis (optical main axis) of the optical
thin film layer is tiled to the orientation of molecules of
a guest-host liquid crystal at an angle of 45° . with this
configuration, it becomes possible to increase brightness
while ensuring a high contrast without provision of any
polarizing plate.

while the preferred embodiments of the present
invention have been described, such description is for
illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from

the.spirit or scope of the following claims.



(liquid crystal form ng groups) A I|ike the chem cal strucgmﬂmi“ﬂmmmm
portion of a |ow nolecular weight 1liquid crystal. The neso

connected to main chains C of a polyner having structural units sbtch®as® *
acrylic, methacrylic or nmethylsiloxane units through flexuous side chains
B (for exanple, polyethylene or polyoxyethylene chains). Such a structure
Is called a side chain type polyner Iié id crystal having pendants of
mesogen groups. The polynmer liquid crystal exhibits a nematic, snectic or
chol esteri c phase depending on the structure, like the | ow nol ecul ar

weight liquid crystal. 1In general, the liquid crystal tenperature range of

t he p0|ynErW%%?u*$dﬁﬁ§ﬁhﬁ5 €§ usual 'y higher than that of the | ow

nol ecul ar we urd crystal, and the phase
24 transformation tenperature of the polyner liquid crystal is
i ncreased with the nol ecular weight. The liquid crystal tenperature range

can be Iomerfg'by iqgrf£¥féé¥£§ﬂlé?ggmauest—host liquid crystal display
comprising:

a first substrate for receiving an incident ligﬁt,
which has transparent electrodes formed thereon;

a second substrate disposed opposite to said first
substrate at a specified interval, which has reflection
electrodes formed thereon; and

an electro-optic body for performing light
modulation in response to a voltage applied between said
transparent electrode and said reflection electrode, which
is held in said interval;

wherein said electro-optic body has a laminated

- structure of a guest-host liquid crystal layer and an
optical thin film layér, said guest-host liquid crystal
layer containing liquid crystal molecules uniformly
oriented along said transparent electrodes and molecules of
a dichroic dye, and said optical thin f£ilm layer having a
specified anisotropic optical axis and being formed along
said reflection electrodes;

said liquid crystal layer is changed between an

absorption state and a transmission state in response to a



bonding to main chains of the side chain type polyner |iqui

Figs. 5A to 5D show one exanple of formng an optical thin ﬂlmm mn'““ml““l
havi ng a uni axi al ani sotropy using the LB nmethod. Organic nolecdl e$ afe *
absorbed on a water surface to forma |ayer having a thickness of one

nmol ecule, that is, a nononolecular |ay@*. The nmononol ecul ar |ayers thus
obt ai ned are sequentially lam nated on the surface of a solid, to thereby
forma thin film Such a method is called a nononol ecul ar | ayer |am nating
met hod, or LB nethod. In general, a filmfornmng material has the form of

a surface-active nol ecul e conposed of a polar portion called a hydrophilic

group and a vuiitpgieaarappldigd didretoa ah@ddsaplobiquiid ottpysdal elaptens intach
havi ng a good bal ance of both the portions, forman absorbed nononol ecul ar

| ayer when theyamicrpiei] gt OBudbstaheiasliyf absorvben fitsacules are
scattered as shown in Fig. 5A, they forma two- dinensional gas film Wen

nol ecul es aresEGONMAESHF Edidpord@] konafihell @A A8 Phai@snt oL Baah pider as

shown in Fig. 5B, the surface pressure applied to the nolecules is
substantially passes a second oscillating component
perpendicular to the first oscillating component, while
said liquid crystal layer in the transmission state
substantially passes both the first_and second oscillating
components; and

said optical thin film layer is interposed in a

going/returning pathway of the second oscillating component
which goes along the pathway, being reflected by said
reflection electrode, and returns along the pathway; and |
said optical thin film layer converts the second
oscillating component into a first oscillating component
perpendicular to the second oscillating component and
allows the first oscillatgng component thus converted to
re-enter said liquid crystal layer in the absorption state.
2. A reflection type guest-host liquid crystal display
according to claim 1, wherein said optical thin film layer
functions as a qQuarter-wave plate, and has an anisotropic
optical axis grossing the orientation of liquid crystal
molecules of said liquid crystal layer in the absorption

state at an angle of 45.



25 i ncreased, to forma two dinensional condensed film Th
devel opnent of the filmformng material is perforned by vari E!ﬂ"lrﬁlltu!k"ujl“"l
A typi cal devel opnent nethod is to use a volatile organic sol *
solution containing a filmformng nmaterial and a volatile organi c sol vent

I's dropped on a water surface, the droﬁpet covers the water surface and

nol ecul es of the filmformng naterial remain after volatilization of the
solvent. A surface pressure is then applied to a nononol ecul ar | ayer on

the water surface as shown in Fig. 5C, to forma condensed film Next, as

shown in Fi 5D, a subst

. : d d |
wat er surface, and tHher€h scﬁbﬂngmaﬁuéﬁégﬁzﬁé§ gﬂépgg %%%%ﬁﬁﬂguﬁé§Pé?¥

for each novenent. As a result, a LB filmthus obtained has a | ayer
struct ure oéccowdingnioowdlecin d, Whgresnasaixd opitticaSuthia fiabm datyean iissmade
called a Y-type nethod. In sonme cases, a nononol ecul ar Iayer adheres on

the substra%g at Bﬁ HﬂifahfatéFVSté%”ﬂdﬂE%:ﬂi(goﬂﬂégﬂ {fﬁﬁmﬁ C¥9gg51

Alerr] /4 layer an ani sotropic optic axi's can

substrate by arrangenent of a olyner<§acrylst rene resin or
molecules uniaxially orlente along the anisotropic optical axis

of the polymer liquid crystal material.

4. A reflection type guest-host liquid crystal display
according to claiﬁ 1, wherein said first substrate has a counter
electrode composed of a transparent electrode formed over the entire
surface of said first substrate; and said- second substréte has pixel
electrodes composed of reflection electrodes arranged in a matrix
and switching elements for individu;lly driving said pixel

" ‘electrodes.

5. A reflection type guest-host liquid crystal display
according to ciaintl, wherein said optical thin film layer is made
of a polymer liquid crystal material containing liquid crysfal
molecules uniaxially oriented along thé anisotropic optical axis
of the polymer liquid crystal material, a uniaxially oriented
polymer film, or a low or high molecul#r thin film prepared by a
Langmuir-Blodgett method.

6. A reflection type guéstéhost liquid crystal display

comprising:



pol ycarbonate resin) having birefrirngence on the substrate b

nmet hod. Fig. 6 is atypically partial sectional vi ewﬂmm“mrl““nllll“m
26 showi ng a second enbodi nent of the reflection type guest ¢thost * 5 *
liquid crystal display of the present invention. This enbodinment is

simlar in basic configuration to the fi¥st enbodi nent shown in Figs. 1A

and 1B, and therefore, corresponding parts are indicated by the sane
characters for a clearer understanding. Referring to Fig. 6, an upper
substrate 1 has a counter electrode 3a conposed of a transparent ‘el ectrode
formed over the entire surface of the _upper substrate 1, .and a_l owner
substrate 2 has pi xeP LaF&tt FEREkrake cEmhiceer Bfing A diicdnieBltedigBles
arranged in a matrix. Namely, although the first enbodinment is of a

si mpl e mat ri ¥highehasha sevpharepbedirede conpgseth afctd waangparertt ype.

Thin filmtransistors (TFTs) corresponding to the pixel el ectrodes 4a
patterned inedeshredr Zpemgfsovernthgrenteity swrinck @f tdadd dfdestsurface of

the | ower
substrate;

a éecond substrate disposed opposite to said first
substrate at a specified interval, which has pixel
electrodes composed of reflection electrodes arranged in a
matrix and switching elements for individually driving said
pixel electrodes; and

an electro-optic body for performing light
modulation in response to a voltage applied between said
transparent electrode and said reflection electrode, which
is held in saia interval;

wherein said electro-optic body has a laminated
structure of ‘a guest-host liquid crystal layer and.an
optical thin film layer, said guest-host liguid crystal
layer containing liquid crystal molecules uniformly
oriented along said_transparent electrode and molecules of
a dichroic dye, and said optical thin film layer having a
specified anisotropic optical axis and being formed along
said reflection electrodes;

said liquid crystal layer is changed between an

absorption state and a transmission state in response to a



substrate 2 in addition to the pixel electrodes 4a. The TFTsummm"mlmm”"I
switching elenents for individually driving the pixel electr
Specifically, a signal voltage is witten in a pixel electrodé 4& b
selective on/off control of the TFT corresponding to the pixel electrode
4a. A drain region D of the TFT is connect38d to the pixel electrode 4a,
and a source region S of the pixel electrode 4a is connected to a signal
line 21. A gate 27 el ectrode "G of
the TFT is continuous to a gate line. A holding capacitor Cs correspondi ng
to each pixel electrode 4a is also forned. The pixel electrode 4a is
el ectri cal | yvoilsegeat egpiliedh therdfd; dwul diaigl ddpmdidt ory8saanidlagegnah | i ne
21 by a planarization film22. On the other hand, the counter electrode 3a
i s forned ovéhet Bbsemptioni ahate smbé&antxﬂll@habupmbs aulisksate 1. An
el ectro-optic body 5 is held in an interval between the opposed substrate
1 and 2. Wescdliaghay wohbegent scomtidirsa iim tahe ipcidene! 2éghodend
substantially passes a second osc¢illating component
perpendicular to the first oscillating component, while
said liquid crystal layer in the transmission state
substantially passes both the first and second oscillating
components; and

said optical thin film layer is interposed in a
going/returning pathway of the second oscillating component
which goes along the pathway, being reflected by said
reflection electrodes, and returns aldng the pathway; and
said optical thin £ilm layer converts the second
oscillating component into a first oscillating component
perpendicular to the second oscillating component and
allows the first oscillating component thus converted to
re-enter said liquid crystal layer in the absorption state.
7. A reflection type guest-host liquid crystal display
according to claim 6, wherein said optical thin film layer
functions as a quarter-wave plate, and has an anisotropic
6ptical axis crossing the orientation of liquid crystal

molecules of said liquid crystal layer in the absorption

state at an angle of 45°.



4, an electric field is generated between the pixel electrod ﬂ ""
counter electrode 3a, and thereby the electro-optic body 5 |I“ﬁlﬁ u ﬂ"“l"""
bet ween an absorption state and a transm ssion state. Such an *optical *
change appears for each pixel electrode, to thereby display a specified

i mge. The TFT, holding capacitor Cs and3&ignal line 21 are disposed under
the pixel electrode 4a. These conponents are not interposed in an incident
light path, and thereby they do not exert any effect on the aperture

ratio of the pixels. In other words, the areas of the pixel electrodes 4

are used as_the apertu f the image, enabling an_extremely bright
display. 8 SE??%%ﬂth%%vgyﬁﬂuﬂ¥ﬁiﬁﬁﬁﬁstn@éﬁﬂﬂ@nQﬁyﬁﬁ%ksdlﬁplay
reflection type guest host liquid crystal display

20 i ncAcchngingftecdliain 6, edhepdes doidegtirsildent Rer s plaper aR0made

optical thin filmlayer functlonlng as a quarter-
of a polymer liquid crystal material containing liquid crystal

molecules uniaxially oriented along the anisotropic optical axis
of the polymér liquid crystal material.

9. A reflection type guest-host liquid crystal display
according to claim 6, wherein said optical thin film layer is made
of a polymer liquid crystal material containing liquid crystal
molecules uniaxially oriented along the anisotropic optical axis
of the polymer liguid crystal matérial, a uniaxially oriented
polymer film, or a low or high molecular thin film prepared by a

Langmuir-Blodgett method.



wave plate formed on the reflection el ectrodes. The anisotropic optical

axis (optical main axis) of the optical thin filmlayer is.tiled to the

orientation of nolecules of a guest-host |iquid 'crystal ~at san:;dngl e of

45[err] . Wth this configuration, it bggonesfposshgﬁgééﬂ}incr

bri ght ness while ensuring a high contrast wi theut—provisi any

pol ari zi ng pl ate. Wil e the preferred enbodi ments of the present

i nventi on havREBBEECT LGN CTYPE GUBSTFHOSE CLIGUID CRYSTAL DISHUAY rative

_purposes only, and it is to be understood that changfs ﬁndfv?[laplons may
w t hout departing from_ the spirit or scope of the follow n

Eﬁam? t P k ABSTRACT OF THE %SCL%SWT 'S CLAI I\/EDgI S:

1. A reflection type guest-host liquid crystal display conprising:

a first substrate for receiving an incident |ight,

A reflection type guest-host liquid crystal display
includes a first substrate having transparent electrodes, a
second substrate having reflection electrodes, and an
electro-optic body held between the first and second
suﬁstrates. The electro-optic body has a guest-host liquid
crystal layer containing a dichroic dye and an optical thin
film layer. The liquid crystal layer is changed between an
absorption state and a transmission state. The liquid
crystal layer in the absorption state absorbs a first
oscillating component of an incident light and passes a
second oscillating component pe;pendicular to thg first
oscillating combonent, while said liquid crystal layer in
the transmission state passes both the first and second
osciklating components. The optical thin film layer
converts the second oscillating component into the first
oscillating component and allows the first oscillating
component thué converted to re-enter said liquid crystal
layer in the absorption state. All of the oscillating
components are thus absorbed by the liquid crystal layer,
to thereby increase brightness of a screen without

provision of a polarizing plate.

FIGURE 1A & 1B : -
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whi ch has transparent el ectrodes forned thereon; a second
substrate di sposed opposite to said first substrate at a specified
interval, which has reflection electrodes fornmed thereon; and -an
el ectro-optic body for performng light nodulation in response to a

vol tage applied between said transparent el ectrode and said reflection
el ectrode, which is held in said inter¥ wherein said

el ectro-optic body has a lam nated structure of a guest-host liquid
crystal |ayer d Fn ptigalhin filmlayer, said guest-host |iquid
crystal |ayerl contai\a?ng ﬂi d crystal nolecules uniformy oriented

al ong said transparent el ectrodes and nol ecul es of .a dichroic dye, and
said optical thin filmlayer having a peci fied ani sotropic optical axis
and being fornmed along said refDéctioESelectrodes; said liquid
crystal layer is changed betweéh—am algorption staté?and a transm ssion

state in response to a /// 30 “F’/"
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voltage applied thereto; and said liquid crystal layer in the absorption
state substantially absorbs a first oscillating conponent contained in an
incident |light and substantially passes a second oscillating conponent.
perpendi cular to the first oscillating conponent, while said |iquid
crystal layer in the transm ssion stateysubstantially passes both the
first and second oscillating conponents; and said optical thin
filmlayer is interposed in a going/returning pathway of the second
oscillating conponent which goes along the pathway, being reflected by
said reflection electrode, and returns along the pathway; and said
optical thin filmlayer converts the second oscillating conponent into a
first oscillagrngiyco neTES erpendi cul ar to the second oscillating
conponent andt al l{o he l!k oscillating conponent thus converted to
re-enter said liquid crystal layer in the apsorption state. 2. A
reflection type guest-host |liquid crystal display according to claimi1,
wherein said optical thin filmlayer ; S a _quarter-wave plate,

and has an anisotropic optic axis crossing the orientatijpn of liquid
crystal nolecules of said liquid crystal layer in the absofption

F1G. 3B

4
A———~———&7v727£757z72 l3.
—2
. F1G.3C ;
— 7
P77 777777277 A (3.
2
F1G. 3D
4
( ¥
.——————Jzazzaz%zzvzn "\—’Té




state at an angle of 45[err]. 31

3. A reflection type guest-host |iquid crystal display according to
claim1l1, wherein said optical thin filmlayer is nade of a polymer liquid
crystal material containing liquid crystal nolecules uniaxially oriented
along the anisotropic optical axis of gpe polymer liquid crystal naterial.
4, A reflection type guest-host |iquid crystal display according to
claim1l, -wherein said first substrate has a counter el ectrode conposed of
a transparent electrode forned over the entire surface of said f irst
substrate; and said second substrate has pixel electrodes conposed of
reflection el ectrodes arranged in a matrix and switching el enents for

i ndividually driving said pixel electrodes. ) A reflection type
guest-host liquid crystal display g tgaclaim1l, wherein said
optical thin filmlayer is nade F?C ﬁoﬂE;E 2QQUId crystal materi al
containing liquid crystal nolecules uniaxially oriented along the

ani sotropic optical axis
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,bf the polymer liquid crystal naterial, a uniaxially oriented polyner
film or a low or high nolecular thin filmprepared by a Langnuir-Bl odgett

nmet hod. 6. A reflection type guest-host liquid crystal display
conpri si ng: 32 a first
substrate for receiving an incident g whi ch has a counter el ectrode
conposed of a transparent electrode f /ﬁed over the entire surface of said
first substrate; a second substrate di sposed opposite to said
first substrate at a specified interval, which has pixel electrodes
conposed o efle trodes arranged in a matrix and swtching

el enent s f ualﬁﬁl ving said p| xel el ectrodes; .and

el ectro- optlc body for rmng |ight re
vol tage applied between said transpar eﬂ € &?hﬁé%ﬁ@%@dﬁ@k&tlon

el ectrode, which ----HYDROPHILIC GROUP
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is held in said interval; wherein said electro-optic body has a

| am-nated structure of a guest-host liquid crystal |layer and an opti cal
thin filmlayer, said guest-host liquid crystal |ayer containing liquid
crystal nolecules uniformy oriented along said transparent el ectrode and
nmol ecul es of a dichroic dye, and said éwgical thin filmlayer having a
specified anisotropic optical axis and Deing fornmed along said reflection

el ectrodes; said liquid crystal layer is changed between an
absorption state and a transm ssion state in response to a
33 “voltage applied thereto; and said liquid crystal layer in the

absorption state substantially absorbs a first oscillating conponent
contained in an incident |ight and substantially passes a second
oscillating conponent perpendicular to the first oscillating conponent,
while said liquid crystal layer in the transm ssion state

FI1G.6




substantially passes both the first and second oscillating conponents; and
said optical thin filmlayer is interposed in.a goi-ng/returnirg pathway of
the second oscillating conponent which goes along the pathway, being
reflected by said reflection electrodes, and returns al ong the pathway;
and said optical thin filmlayer conver ggg the second oscillating
conponent into a first oscillating conponent perpendicular to the second
oscillating conponent and allows the first oscillating conponent thus
converted to re-enter said liquid crystal |layer in the absorption state.

7. A reflection type guest-host liquid crystal display according to
claim6, wherein said optical thin f|In1Iayer functions as a quarter-wave
pl ate, and has an anisotropic opt ‘E; ng the orientation of
liquid crystal nolecules of said#iquld yst yer in the absorption
state at an angle of 45. ' 34
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cr mat eri al containing li.quid crystal. nolecules uniaxially oriented
l the anisotropic optical axi of the polyner liquid crystal
9’I‘EXT OFTméfBﬁ*RAﬁTtype guest - host |i qui d crystal
CHarm6—wherersard-optTcat—thr i ayerTsaede——of —apotymer—ot
crystal material containing liquid crystal nolecules uniaxially oriented
hl ong the ani sotropic optical axis of the polyner liquid crystal materi al

A uni axially oriented mer film or a low or high nolecular thin film
pbr epar ed by REELE ; QUID CRYSTAL DISPLAY

de of a polyner |iqui

A J
1,
==
l.’
b

A reflection type guest-host liquid crystal display includes a first substrate (1) having
transparent electrodes (3), a second substrate (2) having reflection electrodes (4), and an
electro-optic body (5) held between the first and second substrates (1,2). The electro-optic
body (5) has a guest-host liquid crystal layer (6) containing a dichroic dye (8) and an optical
thin film layer (7). The liquid crystal layer (6) is changed between an absorption state and a
transmission state. The liquid crystal layer (6) in the absorption state absorbs a first oscillating
component of an incident light and passes a second oscillating component perpendicular to the
first oscillating component, while said liquid crystal layer (6) in the transmission state passes
both the first and second oscillating components. The optical thin film layer (7) converts the
second oscillating component into the first oscillating component and allows the first
oscillating component thus converted to re-enter said liquid crystal layer in the absorption

g state. All of the oscillating components are thus absorbed by the liquid crystal layer (6), to
thereby increase brightness of a screen without provision of a polarizing plate.
Fig. 1A,1B.
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