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1 Reflectlve ferroelectric liquid crystal display BACKGROUND OF THE i
I NVENTI ON The Jdnvention relates to a reflective liquid crystal dlsplay ﬁﬁ
havi ng a ferroelectric, chiral snectic liquid crystal |ayer, nanely a
display as clained in t he preanbl e of claiq 1. The invention also relates
to a projection systemand a direct view display which has a |iquid crystal
di splay of the above-nmentioned type. The display accordlng to the invention
has, for exanpl e, e .S .8

referred to bel ow CTeRRTYsToks JL1 ;
deformabl e by the action of an electric f|eId A knomn liquid crystal

di spl ay based on the deforna;a&eEgéoaNBeb#C@ﬁFLtﬂghgﬁiéystal configuration

is disclosed in EP-B-0 309 7 exanpl e e di disclosed in this
prior publication and also referred to as a DHF cel |l (DHF represents
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The Liquid orySrEHd | grypfal 1 Betlenafehy cirdibPra?lre g Rl oS,

t he fact. t hat prieamilecof esladmch. bel ong to a snmectic Iayer and are

arranged essentially raIIeI t.Q one anoth ar e .arranged. anﬁégr%§Q€icular
R

to the snectic plane &PW?nqﬁﬁﬁlﬁ}ﬁ % @ % R 70
pl ane. The chiard ia ydifedteview ahgplaﬁddhlchnhaeyarE$quid ceyeltalaxes of
the Iiquid crxflé%laylgfL%ﬁg Jo ovg &85 Rggeéetatlve to one

The display according to the invention has, for
example, a birefringent liquid crystal layer which is
also referred to below as a S.,* layer and whose helical
configuration is deformable by the action of an electric
field.

A known liquid crystal display based on the
deformation of a helical liquid crystal configuration is
disclosed in EP-B-0 309 774. For example, the display

'disclosed in this prior publication and also referred to
as a DHF cell (DHF represents Deformed Helix
Ferroelectric) has a pair of transparent plates which
together enclose the S * layer and which are each
provided with a surface structure orienting a molecule
of the S.* layer, with electrodes for generating an
electric field in the liquid crystal and with a
polarizer; _

The liquid crystais which can be used for DHF
cells are distinguished by the fact that the molecules
which belong to a smectic layer and are arranged’
essentially parallel to one another are arranged not
perpendicular to the smectic plane but at a smectic tilt
angle 6 to the normal of the plane. The chirality of
the S.* layer additionally results in the axes of the

liquid crystal molecules being rotated relative to one



~2-another fromlayer to layer, so that consequently a screwlike helix
having a pitch p forns. In the rest state, i.e. without an applied electric
field, the DHF cell exhibits a specific light transmttance. If a voltage
is applied to the electrodes, an electric $ield is generated in the Sc*

| ayer and reorients the nolecules and thus causes a reorientation of the

I ndi vidual snectic |layers. Application of the voltage thus deforns the

hel i x of the Sgolpye rfréﬁsré%éfgtbnlts\ggbanggl LRakhgohbahhehtagsy ttance. A

DHF display is ase on a rd crys tonfi guratron a short
pitch p. The pﬂQmelllsech@Lm Bavinhgt at patthght foxmaver aged over the coils

of the helix, i.e. exgerig ?.irél e Nt A% avereaggvfﬂ{&ﬁ._cta{ﬁ/eaﬂaé;gﬁ For an

undi storted helix, a bire ngent 1ayer’ having an opti cal parallel to
the helix axi £iectihic f)behq’ineuhel DHE qelllagshxtblappal epebéficen igh

el ect rodes of Ih#hese éﬁégs %3%{31?%%@ ogﬂﬁg ac;:ooghghe I ndi vi dual
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the plates bousding 4he JLguguckvohal nluels o INEaROLARLORAALALNS opt i cal

axi s.as a func &rmned n practice by
means of the mqmm@Meoa(the i’hélvmduahrrsmw:tmhi hgyengle a(U>U8) is a
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rotation of th axi s ween e saturafion vo =1us1 and U=
0. Reflective Sd*qmadfear.ymu]dnn}g ays apfchdngeDdm thipe ightbe produced

essentially t“%ﬁéﬁ%ﬁﬁ gﬁggt nmet hods. The first sinpler nethod of
production consSi's I'h nounting an optical mrror or a diffuse reflector on
A DHF display is based on a liquid crystal

configuration which has a short pitch p. The pitch p is
chosen so that the light is averaged over the coils of
the helix, i.e. experiences only an average refractive
index. For an undistorted helix, a birefringent layer
having an optical axis parallel to the helix axis is
thus obtained. If a voltage is applied between the
electrodes of the two plates, in particular torques act
on the individual sméctic layers. These torques produce
the stated deformation of the helix and consequently
also a rotation of the optical axis in a plane parallel
to the plates bounding the liquid crystal layer. The
rotation of the optical axis as a function of the
applied voltage can be determined in practice by means
of the switching angle a(U). The maximum switching
angle o (U2U,) is a characteristic feature of the DHF cell
and corresponds to the angle of rotation of the optical
axis between the saturation voltage U =|Us| and U = 0.

Reflective liquid crystal displays of the’DHF
type can be produced essentially by two different
methods.

The first simpler method of production consists
in mounting an optical mirror or a diffuse reflectoxr on

one side of a transmitting display cell known per se and



~one side of a transnitting display cell known per se and 3 consisting of
.a pair of transparent plates which together enclose a liquid crystal |ayer
and are each provided with a surface structure and a pol ari zer. During
operation of this first enbodi ment of reflgctive cells, the light then
passes twi ce through the transmtting display cell. Mst liquid crystal
di splays in clocks and wat ches, pocket cal cul ators, etc. are based on this

princi ple. Beca i ght S of f ugh a

pol ari zer, Iargqag éihn$o§£es %ggrog E?%%sgaﬁ g %%Leﬁew g1ve di spl ays
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act uati ng neanscarémitcimng rmﬂspyayheeblr efmosgeMQuﬁ)dopeybta& dfisphayls qui d
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effects at high resolution.

A second embodiment of reflective liquid crystal
displays is shown in Figure 1. In this display, the
incident light 1 is linearly polarized by a polarizer 2,
passes through the liquid crystal layer 3, is then
reflected by a mirror 4 and passes once again through
the liquid crystal layer 3 and the preceding polarizer
2. In this case, electrode and actuating means which can
modify the birefringence properties of the liquid
crystal accordiﬁg to the desired image information are
additionally provided between the liquid crystal layer 3
and the mirror 4.

A major disadvantage of the display shown in
Figure 1 consists in the fact that it should ideally
have a switching angle of +45° in the so-called
symmetric mode. This is not possible with the liquid
crystal mixtures known to date without resulting, even
at small switching angles, in hysteresis effects which
increase the switching time to an impermissible éxtent.
Furthermore, the required voltage is greater for large
switching angles than for small ones, which is another
disadvantage of this type of display.

If, on the other hand, reflective DHF cells of

the above-mentioned type are operated in the so-called



.switching angles than for small ones, which is another disadvantage of this-
type of display. If, on the other hand, reflective DHF cells of the
above-nentioned type are operated in the so-called 4 asymmetric node,
t'he above-nentioned di sadvantage can be at,least partially elimnated wth
the asymmetric actuation. In this case, however, the electrical actuation
cannot be effected by periodic pole reversal. This nmethod of operation thus
has a DC volt%%%ﬂgomyonent mhigg results in_disa vamta eous _formati gn of
space char ges TREF G uUPeder y5PaI FRRYC AP RRECR AT P F BREY2OFRIFASAD Bfese
space char ges athabgest heaet ballpoplinbhatedretthr thei asymmnetlrithe resul t
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SUMMARY OF THE INVENTION

It is the object of the invention to provide a
reflective DHF display which can be actuated without DC
voltage and has a maximum switching angle o which is
smaller than 145°.

This object is achieved, according to the
invention, by a liquid crystal display having the
features of claim 1.

Advantageous embodiments of the invention are
evident from the dependent claims.

The use of the present invention is not
restricted only to DHF cells but relates to all liquid
crystal displays in which the electrooptical effect
causes a rotation of the optical axis. It is
particularly advantageous when the rotation of the
optical axis during operation of the display shown in
Figure 1 is too small. Another class of liquid grystal
cells which - like the DHF cell - can be used for
providing reflective displays of the type according to
the invention is described in Swiss Patent Application
No. 3073/96. Such cells are referred to below as APD
{(APD represents Alternating Polarization Domain) cells.

Their advantages are low operating voltages and low



_providing reflective displays of the type according to the invention is
;described in Swi ss Patent Application No. 3073/96. Such cells are referred
to below as APD (APD represents Alternating Pol arization Donain) cells.
Their advantages are | ow operating voltageg and | ow 5 currents. Like DHF
cells, the APD cells too, in the enbodi nent according to the invention,
have a maxi num swi tching angle a which is snaller than 45[err]. The liquid

crystal dlsplag 9%%8EglngLRQetBﬁFlg¥§g%io F§b§5 &ggliggglfﬁ tlcular

by the fact t hat e conponent s of |splay destribéd above
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of liquid crystal di sptheysliapcioi drrystial tdnasplar;ema:mrdimgstadtlhel onal

birefri I

opt i cal oath aiYERtibd §a°4ibinkufppBANiRbaEkIa R BYE R TAMD AT
and d the wal | thét ckhessomponhbatpl afethg, reféeca1qeadusplwavdqsaﬂxbaﬁnch -
as shown in FHéBgSéZWlthsrggégggggtggtg hgg EI ¥|d g% S%@ﬁg@%*%%ﬁﬁ-'n t he
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according to the invention, this additional birefringent
element is a solid, i.e. non-switchable plate 5 having
an optical path difference An-d =~ A/4 (where An denotes
the birefringence and d the wall thickness of the plate
5), i.e. a quarter-wave plate which - as shown in Figure
2 - is arranged after the liquid crystal layer 3 in the
direction of incidence of the light, and in particular
between said layer and the mirror 4. Since the light
passes twice through the plate 5 during operation of the
display, the optical path differences of said plate sum
to A/2, for which reason the plate 5 can also be
designated, in terms of a model, as a half-wave plate or
half-wave layer.

In a second category of liquid crystal displays
according to the invention, the additional birefringent
component is a second switchable liquid crystal layer
which is arranged in the form of a compensator 105,
described in more detail below, between the polarizer
102 and the specified liquid crystal layer 103. 'Figure
3 shows a corresponding configuration, from which it is
evident that in this case the incident light 101 is
first linearly polarized by the polarizer 102 then
passes through the upcircuit compensator 105 and the

liquid crystal layer 103, is reflected by the mirror 104



_which is arranged in the formof a conpensator 105, described in nore
;detail bel ow, between the polarizer 102 and the specified liquid crystal

| ayer 103. Figure 3 shows a corresponding configuration, fromwhich it is
evident that in this case the incident light 101 is first linearly

pol ari zed by the polarizer 102 then passes through the upcircuit
conpensator 105 and the liquid crystal layer 103, i's reflected by the

mrror 104 n e e c ai n,through.the.liqu d _crystal |ayer
Tos. “the cel | o8 kA AaBE38C 308 8oBRR, RokBLEHd Rir s A Saliot R Ve
DRAW NGS Pr ef elayerehBddi tthat sedfi 1h6 andetheopraceddagc polad iizemare .
detail below with reference to the attached drawings. Figure 4 shows a
schematic representation of a conventional DHF cell, Figure 5 shows an

opti cal nodel (equival ent BRIEE| DESCRGPEANPNT OF TWHECDRAWENGEBhe fir st
category of displays according to the invention, Figure 6 shows a schematic
representation of a first enbodi nent of a display according to the

i nvention, Figure 7 sinefexrrsshembodimeaprsesehttdie dnwdntaicecane enbodi ment
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I nventi on, Hgﬁntaéhe@odsau@ngﬁtical nodel for describing the second

CaLeory, of 0 ) 248,450 §L kS LIEchONERLLoReo LR B0M
conventional DHF cell, _

Figure 5 shows an optical model (equivalent circuit
diagram) for describing the first category of displays
according to the invention,

Figure 6 shows a schematic representation of a
first embodiment of a display according to the
invention,

Figure 7 shows a schematic representation of a
second embodiment of a display according to the
invention,

Figure 7a shows a schematic representation of a
third embodiment of a display according to the
invention, o

Figure 8 shows an optical model for describing the
second category of displays according to the invention,

Figure 9 shows an alternative embodiment of the
polarizer shown in Figures 2 and 3,

' Figure 10 shows the orientation and birefringence
properties of the cell arrangement shown in Figure 5,
and

Figure 11 shows the orientation and birefriﬁgence

properties of the cell arrangement shown in Figure 8.
DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figure 4, a conventional,



_Figure 10 shows the orientation and birefringence properties of the cell"
;arrangenment shown in Figure 5 and Figure 11 shows the orientation and

bi refringence properties of the cell arrangenment shown in Figure 8.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBORI MENTS As shown in Figure 4, a
conventi onal , 7 transmtting DHF cell 201 has a Sc* layer 202 wth a

| ayer thickness d, which is arranged between two plates 203 and 204 of

t ranspar ent L al < whi I onesap . Ltab

t ransparent £E§€§+%wégg%§atﬁgﬁpgégilgﬁhp%§§e§ 5639%%§é50§yér¥}tﬁo? exanpl e,
gl ass, acryliclayessthickhessi ds whiigbh. i8 porangedr b@@een pMESﬁthHSthe
outside of th p. e 20 | ef erabky-.connected to_t pl.at e
203, for exan%%?a%é%g#@iel?Ebgﬁg‘ggp{i%egéi ﬁa[ﬁggf‘é; XE&SﬁdFﬁﬁl Rarg Siari zer
206 i s assi gnetb tane handoler . pl Suit@blei hranspaakngyomatertnds, feai dhe

pol ari zer ser\ z y ol he ephodi nent ,sho the |ight
I S I ncident f&%#%% S%EW%g%Q%%sgégmgﬁgezpﬂr%Egh ?ﬁg SéﬁwPlgn §H?§FVective
cel | confi gur &dgnli¢ gbasecondppabbicaefiP@s.i s di spensed with. If the
light is incident fro I . the fid st | ari zer 2 I s_t.hen. di spensed
with. In place of theg]o tlgi\g zpeg‘i aZI(ils;(elrfs, %tq:neese é‘i 1°% %ghe T SEtRe

| i ght -refl ectiugpen rplater2@3 dafiduse peéferably dbenéctiaddtor pakalpllatyger

form the usual PO ectbderause FanbhERREE B00r%a Epl S9ER BLARRRC ers or

i mge dots, tlesadingly) |aspobariizéer 206 hbai agsbghgdt he ehendpbwerof an

I ndi vidual el %%J@ed%éfg{@nénvﬁgfoégugi Méﬂqﬁgr', négiéhp?olarizer serving
as an analyzer when, in the embodiment shown, the light
is incident from above and passes once through the cell.
In a reflective cell configuration, this second
polarizer 206 is dispensed with. If the light is
incident from below, the first polarizer 205 is then
dispensed with. In place of the omitted polarizer, the
cell then has a light-reflecting mirror or a diffuse
reflector.

The liquid crystal layer 202 is furthermore
bounded by two transparent electrodes 207 and 208 which
form the usual electrode segments intended for
displaying characters or image dots, the section
illustrated here showing only the elements of an
individual electrode segment which is divided into the
three color pixels for the colors red, green and blue
for displaying an iﬁage dot. Thus, the upper section of
the electrode 207 is divided into three subelectrodes
207a, 207b and 207c and the opposite section of the
electrode 208, which may optionally also be segménted,
is provided with color filters 209, 210 and 211
coordinated with the individual subelectrodes 207a, 207b
and 207c. Each subelectrode 207a, 207b and 207c - also
referred to as a pixel electrode - also has electronic

components 212, 213 and 214, such as, for example, thin-



_three color pixels for the colors red, green and blue for displaying an

. mage dot. Thus, the upper section of the electrode 207 is divided into

t hree subel ectrodes 207a, 207b and 207c and the opposite section of the

el ectrode 208, which may optionally also bg Segmented, is provided with
color filters 209, 210 and 211 coordinated with the individual

subel ectrodes 207a, 207b and 207c. Each subel ectrode 207a, 207b and 207c -

al so referred S ecl o also h roni onents 212,
213and 214, shichRasPafelBhoRkoRhioPRe, 18k80, " Fhe I BEL RN BTG

i ke. The IattérlvegeehectmpnmcdrWhécheheetnonlshowhlahdaby melansh@fh and
by nmeans of h u 0 20 nd_20 can_be.,actuated
|ndependentl?ﬂw%ﬂ%%eggﬁog Lgi%égggéﬁéaé Feé %§?§i§P%T%§g8 gﬁpfgfbs of the
gl ass pl at es 203twade@Oindbpehdéntidyt bf Sn& hapthear ofrmr hnemrtrieret r eat ed
In such a way .fhey have an orienting effect on the adjacent |iquid
crystal nol ecul'@sand thus also on the entire liquid crystal |ayer and thus
determ ne the directi Ghaosfe tsherfidigesctall .thhigldagegilesrds 20| and, 200r

exanple, in caq oLy, ayer_angd i t he_syrfaces [n one
Girectton o nar Ol Ees, PpRost May ¥ (e e ch ettt d deadfe &4 14, hchs,
t he appl|catlom'wdyothentthgylhyvesahyonmenbhhgueffectdencehmaadgmbent

deposi tion netf& %%g%éégfraaf hgmgngoFgP% étﬁgd ﬁsnot 215 and

216. In the fi cat Ty of the
addi ti onal blrkiqudmmwyatehehayes andatheaddeﬁenmnneeﬂhe ﬁdtﬁﬁdlbm of
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coatlng with a polymer layer and in rubblng the surfaces
in one direction. Other possibilities are photo-
oriented orientation layers or the application of
orienting layers by an oblique incidence wvacuum
deposition method. Such layers are shown in Figure 4
and denoted by 215 and 216.

In the first category of displays according to
the invention, the additional birefringent element is -
as already mentioned - formed by a solid, i.e. non-
switchable, quarter-wave plate which is arranged between
the liquid crystal and the light-reflecting mirror or
the diffuse reflector.

According to the invention, a liquid crystal
layer 3 having an optical path difference An-d =~ A/2 is
chosen for this liquid crystal display shown only
schematically in Figure 2 - but formed essentially
according to the above embodiment for Figure 4 as a DHF
cell and intended, for example, for installation in a
direct view display, A being an average ideal waéelength
and being, for example, about 500 nm. This liquid
crystal layer is therefore also referred to below as a
half-wave layer. As already mentioned at the outset,
An-d = A/4 is chosen for the non-switchable,

birefringent plate 5.



_the diffuse reflector. According to the invention, a liquid crystal |ayer 3
,having an optical path difference An.d [err]/2 is chosen for this liquid
crystal display shown only schematically in Figure 2 - but forned
egssentially according to the above enbodi ngnt for Figure 4 as a DHF cel

and intended, for exanple, for installation in a direct view display, X
bei ng an average ideal wavel ength and being, for exanple, about 500 nm

This liquid crystal | | Sq.t e al efe . b +o as a
hal f -wave | ayer. As alalihge;ggosdr?e%ef: (;%Irléeq;rdlc’éfl (?ﬁe{%%tésée@gn&%‘]ﬂg eér;V]F] 4 is chosen
for the non-swefhattéveblighidngepstplateld. knowd Pee wedwidth agti on of

t he conbinati o I L¥e:llquid t cell r L, h an
addi tional bire ?%%g%%%ipﬁg%é¥géﬁbggke§%%§§nggnf%F F%@igﬁng E%?bé%%@ of

di spl ays accorfiingttcatégoryvefit dbaphayh aeterding to Ehguiesemtdmoh 10.
Here, it is a N l.s.1 de ich means that it can then
be repl aced i§§#€$g§é€€£gﬁﬁgdg% §§5P§§Sbgr§ 9i£§ént | ayers 3a and 5a
correspondi ng to the Hega,d idr yist &lsdumest thandhdenipusrt eis widead| at e 5,

respectively, %gg W laylzek, 2 I hi e.light 1 thus passes
t hrough the four %?r% rﬁ%ggﬁégl%§e§%no?h%Pa§%ggg§&§?E§a1gnge% Swthéut
refl ection. Simudel HeybtwefbingEningéntelapeaad3baandeSanceerespondisig

ot coti vo di S SPETERRER CobEh CuafhEl s ana Byt bRl S AN paa S, o

or hal f-wave |3yeresgsctively, 3apdbeyweepolaniperakbel pol &hisemedelhe
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layers or plates 3, 5, 5a and 3a without reflection.

Since the birefringent plates 5 and 5a are in
series, their optical path differences An-d sum to
=% A/2. In terms of a model, the reflective display of
Figure 5 is thus described by three half-wave plates or
half-wave layers (3; 5/5a; 3a) between two parallel
polarizers, the first and last plate 3 and 3a,
respectively, being identical, having parallel optical
axes and being capable of electrooptical rotation.

The effect of a half-wave plate on linearly
polarized light can be very simply described. The
linear polarization direction is reflected at the
optical axis. It is thus easy to follow the development
of polarization on passing through the three half-wave
plates. This is shown in Figure 10. The display
(columns IIT and VII) is oriented in such a way that its
optical axis is oriented parallel to the polarizer 2 for
the voltage zero (first row). The optical axis of the
birefringent plate 5 (column V) is perpendicular’to
this. Since the polarization is always parallel or
perpendicular to the.optical axes, it does not change
and the light can pass unattenuated through the
polarizer 2a. If a voltage is applied to the display,

the optical axis rotates. If the rotation is 22.5° (row



_axes and bei ng capabl e of electrooptical rotation. The effect of a

.hal f-wave plate on linearly polarized |ight can be very sinply descri bed.
The linear polarization direction is reflected at the optical axis. It is
thus easy to follow the devel opnent of polsgyization on passing through the -
three half-wave plates. This is shown in Figure 10. The display (colums

1l and VI1) is oriented in such a way that its optical axis is orien;ed
parallel to thg p%ﬁé';ﬁ&s lﬁoeo& ok&ﬁgsnaem( E:b'i—% d cal
axis of the birefringent plate I'S perpen |cuI ar to thIS Si nce
the pol ari zat i bh2i8°al V\A‘ysppan‘él VeFLnoFlgl:}irpeﬁdl theapoilarizatden d& axes,

it does not Chﬁ?@ér edhBy! LAAL 38$ ynattgeoyate

pol ari zer 2a a taelsa P t%t eizdlgPl ,gt%%%&%%%aX|s
rotates. |f th"ehr@ﬂﬁhl 6he| },aYQrSFer i]i (iﬁothat@d b)f 2t Ad2a%°s 5 22581 urms

111 and VI1 rot@dfsmh’ 9 E?ﬁﬁ]s 0 k2Rl §EML Ay

pol ari zati on |g detern?{r?edB by th ¥ %ar?zer ?uégfggpF)tgA tggk%§52¥ﬁg

t hrough the |a@%r4@°.|$1n§er§hatéaspgca2 1521§Fen5]1-t1V225Pe|arF0@@¢llmm IV,
point 8), whi u bent 9% 5 sinc Re displ ay
is insensiti vgé}tl%&égfrlofttg?l on 'tr 3 EOE S%f‘%??f é %8%%}:59] lggt :igtr? IS rotated
to 135[err] (pﬁ@@%ng 9co¢9hﬁmw1YIbnopapgsﬁgnghtbughghhéhnahalﬁawgwm ate
5/5a (col um d k e [ O+ ~CQhV ) 1@N iwgg t he
second tinme t éﬁ SK% é&g%g}l ?:o é{rirﬁ @%F% t? ?é gg é%lhgatliadn%g‘ nal |y
bl ocked by polﬁlibroﬁapasséngathgl sagendhtimer bhapought kbeopayvex 3axi s by
22.5[err] swtg hh O £ ght of, 05d35K ossi Rigah om r ow
3 in Figure 10 that the sgne Fs g §6 a?%%a?§08r§§athoﬁ g?aﬁggkkﬁ The
necessary, n@oAarterchangiangl @ voltagetvhinh robates the OPtlcal

axis by 22.5° switches from light to dark. It is

possible to ascertain from row 3 in Figure 10 that the
same is also true for rotation of -22.5°. The
necessary, maximum switching angle for switching from
light to dark is thus oﬂiy +22.5°,

The object set at the outset with regard to a
maximum switching angle a < +45° is thus achieved.

The first category of displays according to the
invention has a further advantage. In the present case,
the switching liquid crystal cell is a A/2 layer. Other
reflective displays use switching A/4 layers, i.e.
liquid crystal layers having a cell spacing which is
half that in the present case. The small electrode
spacings therefore make production of ferroelectric
‘displays very difficult, iﬁ particular in terms of the
danger of short-circuits and the necessity of
maintaining extreme clean-room conditions and narrow
tolerances for the layer thickness d in the prodﬁction
of the corresponding cells. The possibility of
producing reflective displays with twice the cell
spacing d is thus a very important step towards the
commercialization of ferroelectric displays.

Further detailed information on the formation of



light to dark is.thus only 22.5[err]. The object set at the outset with
.regard to a maxi mnumswitching angle a < +45[err] is thus achieved. The
first category of displays according to the invention has a further
advantage. In the present case, the switchjjng liquid crystal cell is a
[err]/2 layer. Ocher reflective displays use switching [err]/4 |ayers, i.e.
liquid crystal layers having a cell spacing which is half that in the

present case. %hﬁi gggg, gkeg&%ﬁ?gﬁ}@aehlﬂgﬁpy&eh%fs@ﬂb%%b%%d Céiﬁe\’%nger

ferroelectric disp sTvery icul't, 1n oa ticular in terns o
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descri bed abovésptagedeniselohywpikelebrecprésentFogutbs GubstrateRg,

Figure 6 showsaactyushappsstibeeRERRTRERE! ol IGA SRk oI AR Ve

mat r i.x conponents a necessary supply nes anid reflective
el ectrodes 22 nmayl| beed gilaek blapexer ar plpstdest £aAm. he Addieamadtiaredy,

According to t e ' haur e .4 . S b
Pl ate or a pl oty cOUpSrPRER, by BuBM! Bota p1TISMACLIGRETON A ik
silicon crystakcohvehnahrikecauppuentiat 2iix (susponent £021 ekempileas, for

o espandt tafb o8 Ofa) LIE) 13KE) 2BRL) fofRLLACE: flIE) daddg) her Wit

t he corresponding actuation el ectronics the“ferm™s n

backpl ane"). Thegeehercvitvh thectrvresp2rddpyi ersbhgipnoeléed rfondmeal uni num
appl i ed (known by the term "silicon backplane"). The reflective
electrodes 22 optionally provided from aluminum applied
by vapor deposition are covered with a birefringent
quarter-wave layer 23. This may be formed from an
oriented plastics film or a glass-like liquid crystal
layer or from liquid crystal molecules crosslinked with
one another.

To produce a crosslinked liquid crystal layer, an
orientation layer, which is not shown, can be applied to
the substrate 20 by spin-coating and a preferred
direction of the liquid crystal molecules to be
crosslinked with one another can thus be defined. To
avoid endangering the highly sensitive active matrix
components here, it is advisable to orient the liquid
crystal layer using the so-called LPP method [described
in M. Schadt, K. Schmitt, V. Kozinkov and V. Chigrinov,
Jdpn. J. Appl. Phys., Vol. 31, 2155, 1992}, which manages
without the risky rubbing. The crosslinkable liéuid
crystal mixture is then applied to this orientation
layer by spin-coating and is crosslinked (e.g.
photocrosslinked) [described in M. Schadt, H. Seiberle,
A. Schuster and S.M. Kelly, Jpn. J. Appl. Phys., Vol.
34, 3240-3249, 1995])]. By the correct choice of



.by vapor deposition are covered with a birefringent quarter-wave |ayer 23. .
.This may be formed froman oriented plastics filmor a glass-like liquid
crystal layer or fromliquid crystal nolecul es crosslinked with one

anot her. To produce a crosslinked liquid gfystal |ayer, an orientation

| ayer, which is not shown, can be applied to the substrate 20 by
spin-coating and a preferred direction of the liquid crystal nolecules to

be crosslinked: 4 tinoBg 8ROLHEE §aYet-NUsnRe gdafibagdo -E‘i_c%‘ioéﬂt%iﬂange” ng
the highly sensitive active matrix conponents here, i't is advisable to

orient the |iqéiffergneal ofaybe dupr§erhwaye- dayead 28Pkhywst Pawdusestr i bed

in M Schadt, KnS58MiktabYiskedl nkov and V. Chigrinov, Jpn. J. Appl.
Phys., Vol. 31, 2155, 1992], which nanages w thout the risky rubbing. The

crosslinkabl e |iquid dhstalartiexwwave slayemn 2ppls el owed sbyraefiaston

| ayer by spin- ' | osal L.hked. (e r | sdescri bed
UM Senadr, FLTeRPREIPE 15vEE0RE LEER A aBroR ARl S rotIeeE L sEeE o
Vol . 34, 3240-BPawidigggptabylawercéprecFivpdilye -ohccordinghitektdss of this
| ayer, ‘the des] i ca | £6 Lf ferenc h [P 23
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a first orientandokrangparegtywelachinodssodiianre teprdanased withga d

crystal layer dovek PRALY 262£685ALENINEC 1hRSARAROGLAREL oo Mlgwe 4 - 2
second orientation layer 24 and transparent el ectrodes 27 are coordinated
with a cover prrienbationi hgyene Rdci teat hRhnghPP Leyerhésopirefiexeide | ayers

24, too, an LRLJAVEL LS-RLELET 2BYExrNer #nbO0eabtPRAY ckAYLEE: oFNEHRXACT

t hi ckness of the
liquid crystal layer 25 is ensured by spacers which are

not shown.

In the embodiment in Figure 6, the liquid crystal
layer 25 is electrically in series with the capacitance
of the quarter-wave layer 23. Particularly in the case
of ferroelectric mixtures with large spontaneous
polarization, this results in a great reduction in the
voltage over the liquid crystal. It is for this reason
that the APD display cell with its small spontaneous
polarization is particularly suitable for this
application.

The disadvantage of the voltage reduction over
the liquid crystal ié eliminated by the embodiment in
Figure 7. In this second embodiment, the plates 20 and
26 and the active matrix components 21 are formed in the
same way as in the example shown in Figure 6. The
light-reflecting layer need not now be formed by the
reflective electrodes, as described above. It may also
be realized by a dielectric mirror. In this casé, the
corresponding electrodes are then applied as transparent
electrodes 29 to the quarter-wave layer 23 formed, for
example, from crosslinked liquid crystal molecules and
are connected to the active matrix components via

appropriate holes. These holes may be produced, for



liquid crystal layer 25 is ensured by spacers which are not shown. In the
.enbodi ment in Figure 6, the liquid crystal layer 25 is electrically in
series with the capacitance of the quarter-wave |ayer 23. Particularly in
the case of ferroelectric mxtures with | ayge spontaneous polarization,
this results in a great reduction in the voltage ovér the liquid crystal

It is for this reason that the APD display cell with its small spontaneous

pol ari zation i jcu ' f, thi s _appli i.qn.,. Fhe

di sadvant age o%xgﬁéiébl%géggggggggg%ﬁhégéﬁl Hea%iggkg%%¥&st§ﬁifs el i m nat ed
by the enbodi mparfonaEedumask. beinghiusese fomd tériisogurpaise tdheripiqattdse 20 and
26 and the act] b [ oNRO t Lare |_n e s as in the
exanpl e shown #%Sﬁggkﬁgégg gﬁegﬁ%gﬁyg%g é@%&%gq% f%}aﬁéedqﬁgﬁﬁg%MIbe _
formed by the ewbbdiment éhefFtigodes7,atheesolilbedlibgec ofl ttheaydwmilwsr be

realized by a g I L Lr Lo, this.C , qt.he .cor di ng el ectrodes
are then app|i§%gé§§§%%%§g%%e %egFggt?g%55%§§ %égﬁﬁg'ﬁﬁg%géﬁ?wave | ayer 23
formed, for exanple, fIfora ccasdidtnidey (¢ qwi dnetyblat) miecot essandeds e
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hol es may be produced, for exanpl e, photolt hographicaFly, a
appropri at el y wethorespdchatk bbengoustdrf elechireodeur(iose dina ng t he
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crystal. |If a tbedebyi igrféng. aneaphkitprntogethes wiel, the aative-
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to use lower voltages and rendexrs the display less
sensitive to ionic impurities.

A third embodiment of the first category of the
invention is depicted in Figure 7a. The role of active
matrix driven electrode and counter electrode are
exchanged in this embodiment. The active matrix 55 is
positioned on the transparent substrate 54 and drives
the transparent electrodes 56. The counter electrodes 57
are also transparent. Thus the full voltage is applied
to the liquid crystal layer 58 (neglecting the voltage
drop over the orientation layer 53). The counter
electrodes 57 to the active matrix driven electrodes 56
are positioned on the birefringent plate 52, which in
turn is mounted onto the mirror 51 and the substrate 50.
This third embodiment avoids the voltage drop over the
birefringent plate of the first embodiment as well as
the additional complication of the contacting the
electrodes through the birefringent plate of the second
embodiment. ’

In the second category of displays according to
the invention (Figure 3), the additional birefringent
element is a second switchable liquid crystal layer
which is arranged in the form of a compensator 105

between the polarizer 102 and the specified liquid



. €l ectrode not contacted by the active matrix elenents), thereby formng a
.capacitor together with the active- matrix-driven electrode. Such a storage
capacitor allows to use |ower voltages and renders the display |ess
sensitive to ionic inpurities. A third enbogdi ment of the first cat egory of
the invention is depicted in Figure 7a. The role of active matrix driven

el ectrode and counter el ectrode are exchanged in this enbodi nent. The
active matrix &py&€aP0Osbsioned on the transparent substrate 54 and drives
the transparent electrodes 56. The counter el ectrodes 57 are also
transparent. Thus the The IcomRangatar plarel ied the theulight ystal | ayer

58 (negl ecti ngiddiEdeebé ageadr op eﬁsrligﬁiar' 2OERL1 081 EBISL 38) soliRdount er
el ectrodes 57 to the active matrix driven el eCtrodes are positioned on
the birefringefRr #%a®rLe, afi @hDHR eeld-i sInobhiedcaseo thehaisr nor 51 and
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according to the inv ion (Figure 3), _ _ . fingent e
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14 crystal 103. The conpensator 105 applied to i nci dence*side of
the |iquid crypstehorh spiching okimel; for exanple, as a DHF cell. In this

case, it has no additAnahaRean, 2 ek dohpRARLLRY 108 a5 cell shoun

essentially as a separate liquid crystal cell may have
only a single, unstructured electrode pair, i.e. this
cell switches simultaneously for all pixels (or a subset
of pixels such as a row). This means that the
compensator 105 switches only between two states, i.e.
between two orientations of the optical axis. During
operation, an image with one orientation is thus
alternated with the next image with the other
orientation in a synchronized manner. This switching
process can always be achieved by means of a square-wave
voltage without a DC voltage component, a precondition
for virtually all liquid crystal displays. To enable
the image-producing liquid crystal layer 103 in Figure 3
also to be actuated without DC voltage, the reflection
must not change on simultaneous pole reversal of
compensator 105 and liquid crystal layer 103 but must be
capable of being varied from 0 to 1 over the individual
pixels of the cell 103 by the choice of the voltage.
That this is possible is shown schematically for’the
light and the dark state in Figure 11 described below.
In this case, the compensator 105 is a half-wave
plate. Relative to this, the liquid crystal layer 103
has an optical path difference of An-d ~ A/4. Because

. of the mirror or diffuse reflector, the liquid crystal



_i-n Figure 4. The conpensator 105 can of course also be forned by another
,type of liquid crystal cell. However, this nmust then have the physical
properties preferred for the purpose according to the invention, for
exanpl e a short switching tinme. In additign the conpensator 105 forned
essentially as a separate liquid crystal cell may have only a single,
unstructured electrode pair, i.e. this cell swtches sinultaneously for al

pi xels (or a s pLxel §.S A [ a at_ _t he _
conpensator 10 ﬁ%tgégshé Igebg% agﬁegmégg%gfég,gfhg.Eég%ae%ﬁ:%M?alf
ori entations ofavéepbptecabfaxFiégubar Bag operation, an image with one

orientation is thus al { Lt th 'Fq%? | 4 e
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inage-producirﬁééﬁq%%d£§$yé¥g§g#g§ggglggiﬁéa iéﬁggg3&a%§g }olﬁb%§é¥ﬁﬁied
wi t hout DC voliBgeandhdarkfwhkehi dh switchet whahgmambhmesmnwiol&aeeudytol e

reversal of cogpe r Li guid,crystal.layer 3 byt _nust .be
capabl e of bei%@%ﬁ%dsiggm?ggyg ? 8ggr4t ne %ﬁg}‘%ledﬁi?'pi )%gf_"%’ SPIURE cel |
103 by the chawe gén¢hated| fageswihahingi solsagessilbbs thash®n. As

el ow 11 thi s pref rBHEL I8 Thd. T RE kT rohat B PR R ve 1o
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Lol e, Secaur o Lo g sl fhS UBRLE Lok ghyckle bhguLd oryetal
Fi gure 8. switching angle is also achieved by this embodiment of
the invention.

For this two-cell display in Figures 3, 8 and 11,
the image information must not be applied row by row to
the liquid crystal 103, since otherwise part of the
image would see the incorrect compensator position;
instead, said information must be applied once and
synchronously for pole reversal of the compensator 105.
This actuation is readily possible with the above-
mentioned "silicon backplanes". By means of these
highly integrated circuits, the image information is
temporarily stored on the chip and then applied parallel
or simultaneously to all pixels. Since large silicon
chips are very expensive, this embodiment is suitable in
particular for projection displays with large
magnification.

For displays having a large area, the compensator
105 may also be structured row by row and actuated
synchronously with the row-by-row writing of the'image
information, similarly to the transmitting two-layer DHF
display disclosed in Swiss Patent Application No.
3143/95. This dispenses with the necessity of a
"silicon backplane" for this embodiment.

Finally, Figure 9 shows an alternative design of



_Fhe display is light when the liquid crystal l|ayer 103 switches with
.maxi mum vol tage and the sane sign as the conpensator voltage (rows 1 and 2
in Figure 11) and dark when it swi tches wi th maxi mum vol tage but opposite
sign (rows 3 and 4 in Figure 11). Gay valyyes are generated for sw tching
voltages less than Uerr]. As can be seenjfron1Figure 11, the swi tching
angle of the liquid crystal |ayer 103 varies fromO[err] - 45[err] or
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polarization state of the light is then analyzed on

further passage through the beam divider 301. Once

again, only a linear polarization, in this case the

light beam 306, is transmitted. This can then be

projected onto a screen by means of an optical

projection system. The component transmitted in this

manner is polarized oppositely to the beam first

reflected by the beam divider 301, i.e. the polarizing

beam divider 301 has the same effect as two cross

polarizers. Accordingly, "O" and "1*, i.e. light and

dark, must therefore be interchanged in column IX in

Figures 10 and 11. Figure 9 thus describes a projection

system which is dark in the voltage-free state and

becomes increasingly light with positive or negative

voltage until the angle of rotation of the optical axis

is $22.5°. If the degree of polarization of the beam

divider 301 is insufficient, the contrast can be

improved by the use of additional polarizer films.

A comparison of the light transmittance o% a

display according to the invention with a simple

transmitting cell is shown in the following graph. The

latter shows a calculated transmission spectrum for a

simple display which is at 45° to two cross polarizers

and constitutes a half-wave plate of the above-mentioned



16 the polarizer 2 or 202, which is suitable in particular for reflecting
.projection systens or projection apparatuses. In Figure 9, it is conbi ned
with the display shown in Figure 2 but it nay al so be adapted to the
display in Figure 3. In this case, the polgrizer is a polarizing beam

di vider 301. Here, a linearly polarized conponent of the incident |ight 302
is deflected by the beam divider 301 onto the display. After reflection by

the mrror 30 e li i hpqugh t he, hal f -wave pl ate
305 and thel?%ﬂé% %¢y€$%IP%iég?egoggggggggggfa%pFgpemehenglarization
state of the |caltulatibes anel pasddoonfuhehdonpasmayeikhadgolrithe,beam
di vi der 301. ce.qgg% a,ll larizatipn, in.this_case the light
beam 306, is S?ﬁ%énl g%?€$%¥é %%%g?ﬁéﬁgﬁgep?B?e%ﬁgarBEFSHaa§8reen by neans
of an optical meglectedn sThéegraphefupthemoret showsi thedchdculliazednner
is polarized oppositely to fhe fLL reflect b he.beam di vi der
301, i.e. tma%ﬁ%éﬁ%@?ﬁﬁkb%%%1%ggﬁgg?£§€% ﬁgsatﬁggggﬁéeéfgéﬁPigg'two Cross
pol ari zers. /cowrciindyto"Pigand 9]1"ani ideali ghtrandbdanty, apssmeidhd&oaf or e
be i nterchanged in ¢ol um in Figures 10.and 11. Figure 9 thus describes
2 orof ect 1 on SRR Tn The SRRl E8n 05  Phses: i By, it ibecones
i ncreasi ngly |ldlgdarly tdheesi thae vhenegafigeravidngacoordingheocatplee of
rotation of the optical .axis_is 22.5[err 1f.the degr f_pol arization of
{he beam di vi ABVSERY it ie; SubdrahCinliy hioher “EERRELraBRRIEESRFe: ne
use of additi dten pdharsizeplé i tnanskicoipar cenfiighrdbiohi ght theabdkt t ance
of a display agcordi to fhe invention wth a sj e tragspmttin Il is
shown in the % a$olﬁ&n3"%Y%%%q él'%er?%??érV%%bﬁsegkg%‘cﬁ?ﬁigdg%rﬁ:‘lé‘%ihggp’on
spectrum for dnpmpred dvy pbpyimbz thg i shatadglerbétweehwoher bws pol ari zers
and consti tut gg, 4 hal & -yays, PLAL € 9le tOF APQYRAPE LA OPEGures 2, 3,

and 7) or optionally between the two liquid crystal

layers (in the case of the two-cell display in Figure 3)

[in this context, see: S. Panchcharatnam, Proc. Indian

Acad. Sci., A 41, 137, 1955]. However, this would

adversely affect the symmetry with regard to the voltage

inversion, which might lead to flicker effects.

A shorter required wavelength than 500 nm shifts

the maximum to shorter wavelengths. The red component

is thus slightly reduced, and the thickness of the

quarter-wave plate 5 according to Figure 2 is then in

turn reduced. This may be advantageous because the

voltage drop over the quarter-wave plate (or over the

compensator layer) is reduced as a result.



17 type at the required wavel ength of 500 nm The cal cul ati ons are based on
.the Jones matrix algorithm i.e. reflection, interference and absorption
are neglected. The graph furthernore shows the cal cul ated spectrum of the
I'i ght state of a reflected display accordihgg to Figure 9, an ideal mrror
bei ng assuned for this case. The conparison of these two curves now clearly
shows that the configuration according to the invention has a substantially
hi gher |ight tTransmittaneeace than the sinple transmtting configuration in
the blue and red wavel enqth range. This effect could be slightly inproved
by optim zing the anglle between the two polarizers (in the case di spl ays
in Figures 2, 3, 6 andq 7) or o onal 'y he two liquid crlystal

| ayers (in the case qff the t -géll di spl ay™ bn Figu [in thig context,
see: S. Panchcharatﬁ%r] Pr oq¢. 955]] However,
this woul d adversely gffect tbe symetry mnth regafd to the vol t dge

i nversion, which m @8t} | ead to flicker effects. A shorter requiregd
wavel ength than 500 nrpshifftg the maxi numto shorter mavelengths The red
conponent is thus slorght| rreduced, and the thickness of the_quarfter-wave
plate 5 acgording to Rigufe’2 is then in turn reduced. This may He
advant ageous becausggtihe vqﬁtage drop over the quarter-wave platg (or over
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Alternatively to the above-mentioned optimization
for "white" displays, in the embodiments shown in
Figures 2, 6 and 7 the gquarter-wave plate or quarter-
wave layer 5 or 23 may additionally be formed with
birefringences differing pixel by pixel, in order thus
to produce different interference colors. Appropriate
processes for the production of such plates or layers
are disclosed in the publications "Photo-Induced
Alignment and Patterning..., Jpn. J. Appl. Phys., Vol.
34, L764-L767, 1995" and "Photo-Generation of Linearly
Polymerized Liquid Crystal..., Jpn. J. Appl. Phys., Vol.
34, 3240-3249, 1995" by M. Schadt, H. Seiberle, A.
Schuster and S.M. Kelly.
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reflector being coordinated with one of the two plates,

wherein a further birefringent layer or a further
birefringent plate or film is arranged between the two
plates, wherein the rotation of the optical axis of the
liquid crystal layer is not more than +22.5° and wherein
the display is formed in such a way that it can
represent all gray values without DC voltage.

2. The liquid crystal display as claimed in claim 1,
the stated electrodes being formed as pixel electrodes,
wherein electronic components which in turn belong to an
active matrix circuit are coordinated with the pixel
electrodes.

3. The liquid crystal display as claimed in claim 2,
wherein the electronic éomponents are applied
epitactically to at least one of the two plates.

4. The liquid crystal display as claimed in any of
claims 1 to 3, wherein the birefringent layer or
birefringent plate or film is arranged between t@e
liquid crystal layer and the light-reflecting mirror.

5. The liquid crystal display as claimed in claim 4,
wherein the mirror or diffuse reflector acts also as the
electrode or electrodes which one of said plates is
provided with.

6. The liquid crystal display as claimed in claim 4,
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wherein the mirror is metallic and at a defined electric
potential with respect to the electrode or electrodes on
the opposite side of the liquid crystal layer.

9. The liquid crystal display as claimed in claim 6,
wherein the electrodes are formed as pixel electrodes
being coordinated with an active matrix circuit, and
wherein the active matrix is on the plate opposite to
the plate with the mirror.

10. The liqﬁid crystal display as claimed in claim 4,
wherein the birefringent layer consists of crosslinked
liquid crystal molecules or a glass-like liquid crystal.
11, The liquid crystal display as claimed in claim 4
or 5, having electrode pairs which can be actuated pixel
by pixel, wherein the birefringent layer has
birefringences differing pixel by pixel, in order thus
to generate interference colors.

12. The liquid crystal display as claimed in any of
claims 1 to 3, wherein the second birefringent layer is
an electrooptically switchable liquid crystal ’
configuration and is arranged between the polarizer and
the first-mentioned liquid crystal layer.

13. The liquid crystal display as claimed in any of
claims 1 to 12 which has a DHF or an APD configuration.

14. A direct view display apparatus containing a
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