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‘OF THE INVENTICN The invention relates to a liquid crystabcell -
also referred to below as display cell - having a ferroelectric, chiral
snectic liquid crystal layer, nanely a display cell according to the
preanbl e of claim1. Known |iquidlcrystal cells have a nematic

liquid crystal configuration and, in accordance with this configuration,
are referred to as TN or STN cells. Fbre TN is Tmnsted Nematic and STN i s
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this is thatlthe switching tines, i.e. t he speeds for

Known liquid crystal cells have a nematic liquid
crystal configuration and, in accordance with this
configuration, are referred to as TN or STN éells.

Here, TN is Twisted Nematic and STN is Super Twisted
Nematic. Such cells are adequate for many electro-
optical applications. Thus, most of the liguid crystal
‘displays known today have active matrix-driven TN cells.
In these display cells, a display segment which can be
electrically driven by means of an associated
semiconductor circuit is coordinated with each image
point. Many of the electro-optical requirements, such
as contrast, gray steps and orientability of the liquid
crystal layer, are optimally met by TN displays, which
explains their wide use.

However, the TN display cells cannot meet all
requirements to an equal extent. Important |
disadvantages are a limited angular range of view and
long switching times. These disadvantages are due to
the physics of the TN cell and cannot be easily
overcome. Thus, in this display cell, switching on is
electrically driven but not switching off. The result
of this is that the switching times, i.e. the speeds for
image build-up and image clearance, determined by the
viscosity and the elastic restoring forces of the
nematic liquid crystal mixture, are indeed limited. TN

cells are therefore not intended for displaying



.image build-up and inmage clearance, determ ned by the viscosity and the
"elastic restoring forces of the nematic liquid crystal m xture, are indeed
limted. TN cells are therefore not intended for displaying

2 sequences of inmages follow ng one another in quick succession. This
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Attenpts were nade at an early stage to find an alternative to the TN

di splay cell. Possible faster nmedia are the ferroelectric, chiral snectic
liquid crystﬁﬁguemﬁ§§eOﬁavéﬁaaﬂxﬁﬂkﬂnmkﬁgp©marazathen mhlthpkrn1ts much

stronger coug;kBgsafickhe |'I‘H31l§da Sl ot rﬁﬁ ELrig kb m‘oﬁ%
Rt £

possible in the case of TN particula owever I S coup ing is
linear in th@uiFémGdl?hﬁ?ﬂ%&?&ﬁm9n8¢ﬂndambecbnbequences First, the

torques are |arge eVRP: &hp {:Q"‘@vg%vhﬁ&e"@tt ages atilsl Sﬁ%irys ’flﬁ‘ a_di spl ay

cell containing a ferroelectric SmMec qui e? bot h
swi t chi ng onaégﬂr§ﬂﬁﬂﬂmlﬁ?(ﬁhezﬂﬂaiismlayca¢ly dr Poeaibid fhssemelatlvely

rapi d. mefgh! Q6letld GieGhid AoSIRCL | Gnl £OYI drLystal seelils have a

birefringent liquid crystal mxture SO re erre gE|OMIaS an
S[err]* | ayeFryYREpds .* mﬂﬂﬁﬁnhﬂﬁﬁtamsmwmtaneOysop01351baguod ?FMsﬂﬂld

| ayer), opti Ly f alko nd.can .be_in enced or
def ormed by ?aghé%Flg% é%5¥%§é§% éﬁg ék 8 ﬁlgs OpFI€§| gn ot ropy
changes. the ?HGQQmmﬂsﬁmﬁidcth&nmﬁsspeséabbeednsthectase wifi a i s based

on the fact Egﬁﬁsthe&%gg%?ﬂfﬁhfgrtrﬁbwégg .d gﬁxgtggughékgrgshilnear

pol ari zabl e cores an
in the field. This has two important consequences.

First, the torques are large even at low dri#ing
voltages and, secondly, in a display cell containing a
ferroelectric, chiral smectic liquid crystal layer, both
switching on and switching off are electrically driven
and thus relatively rapid.

Ferroelectric, chiral smectic liquid crystal
cells have a birefringent liquid crystal mixture which
is also referred to below as an S,* layer (here, *
represents the chirality of the liquid crystal layer),
optionally forms a helical configuration and can be
influenced or deformed by the action of an electric
field so that its optical anisotropy changes.

The term smectic denotes a layered structure
which is based on the fact that the molecules of the
liquid crystal mixture have polarizable cores and apolar
side chains. In the smectic phase, the polar cores in
this case are arranged in the smectic layers, which in
turn are separated from one another by apolar layers
comprising side chains. In ferroelectric liquid crystal
cells, the smectic layers are essentially perpendicular
to the plates of the display cell.

The S.* layer is alsoc distinguished by further
properties. Thus, the molecular cores belonging to a

smectic layer and arranged essentially parallel to one
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side chains. In the snectic phase, the polar cores in this case are
“arranged in the snectic layers, which in turn are separated from one

anot her by apol ar | ayers conprising side chains. In ferroelectric liquid
crystal cells, the smectic layers are essentially perpendicular to the

pl ates of the display cell. The §[err]* layer is also distinguished
by further properties. Thus, the nol ecular cores belonging to a snectic
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compared to those known for TN and STN cells. The

chirality furthermore results in the axes of-the liquid

crystal molecules being rotated relative to one another

from layer to layer without external forces, with the

result that a helix with the pitch p forms.

Discussion of the prior art

A known ferroelectric, chiral smectic liquid
crystal cell is disclosed in EP-B 0 309 774. Thus, the
DHF (Deformed Helix Ferroelectric) cell known from this
prior publication has a pair of transparent plates which
together enclose the S.* layer and are each provided with
a surface structure orienting the molecules of the S *
layer, provided with electrodes generating an electric
field in the liquid crystal and each provided with a
polarizer. Here, the surface structures facing the S.*
layer have an orienting effect on the adjacent liquid
crystal molecules.

In the rest state, i.e. without an applied electric
field, the DHF cell exhibits a certain light
transmittance. If a voltage is applied to the
electrodes, an electric field is generated in the S *
layer and reorients the molecules and hence reorients
the individual smectic layers, finally resulting in a

change in the light transmittance. This electro-optical



prior publication has a pair of transparent plates which together enclose
‘the S[err]* layer and are each provided with a surface structure orienting
the nol ecules of the S[err]* layer, provided with el ectrodes generating an
electric field in the liquid crystal and each provided with a pol ari zer.
Here, the surface structures facing the4S[err]* | ayer have an orienting
effect on the adjacent |liquid crystal nolecul es. In the rest state,
i.e. without an applied electric field, the DHF cell exhibits a certain
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in the above-mentioned reorientation of the indiwvidual
smectic layers and hence also in a rotation df the
optical axis in a plane parallel to the plates adjacent
to the liquid crystal layer. The rotation of the
optical axis as a function of the applied voltage can be
determined in practice by measuring the switching angle
a. The saturated switching angle is defined here as the
angle a which no longer changes on increasing the
applied operating voltage, which is characterized in
practice by periodic signals or drive pulses.

Known DHF cells are black/white displays. They
generate continuously changing gray steps depending on
the applied electric field. If the electrode segments
each defining an image point are divided into three sub-
electrodes and provided with suitable color filters for
the colors red, green and blue, it is possible in a
known manner to produce DHF color displays in which the
red, green and blue color points can be driven from dark
to maximum brightness by means of a voltage source.

The commercial production of both black/white
displays and DHF color displays has scarcely become
established to date. 1In particular, this is because,
owing to the known prior art, the DHF cells required for
this purpose have short switching times, gray steps and

a good angular range of view but require relatively high



_optical axis as a function of the applied voltage can be determ ned in
“practice by neasuring the swtching angle a. The saturated swi tching angle
is defined here as the angle a which no | onger changes on increasing the
appl i ed operating voltage, which is characterized in practice by periodic
signals or drive pul ses. Known DBF cells are bl ack/white displays.
They generate continuously changi ng gray steps dependi ng on the applied
electric field. If the electrode segnents each defining an i nage point are
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vol tages and currents for their operation. In addition, in the production
M xture mist additionai 'y be SIPTedET IRy moans of an ol eetric
field, making the production process even nore difficult.
Starting from EP-A 0 405 346, it is now the
ocbject of the invention to provide a liquid crystal cell
which has the essential advantages of known -
ferrocelectric display cells, namely little dependence on
the angle of view, gray steps and short switching times
but does not have the above-mentioned disadvantages of
the known DHF display cell.
This object is achieved, according to the
invention, by a liquid crystal cell having the features
of patent claim 1, namely by a cell which is
distinguished by the fact that
- the layer thickness d of the liquid crystal layer is
less than the helix pitch p,

- the saturated switching angle o is greater than 60°,

- the current-voltage characteristic of the cell has two
maximum values, one for U > 0 and one for U < 0, and

- the optical path difference An-d. where U = 0 is
greater than that in the two optically fully driven,
saturated states for U > 0 and U < 0, An being the
birefringence and d. being the distance covered by
the light in the liquid crystal between a polarizer
and an analyzer.

Preferred embodiments of the display cell
according to the invention are distinguished in

particular by the following characteristics explained in
more detail below.



- SUMMARY OF THE | NVENTI ON Starting fromEP-A O 405 346, it is now
“the object of the invention to provide a liquid crystal cell which has the
essential advantages of known ferroelectric display cells, nanely little
dependence on the angle of view, gray steps and short switching tinmes but
does not have the above-nenti oned di sadéant ages of the known DHF di spl ay
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6 ield) is greater than in the two fully driven,
saturated states, in which a further increase of the
applied electric field produces no significant change
in transmittance. _

- In contrast to known DHF cells, the saturation voltage
is low even with very small spontaneous polarization
(P, < 5 nC/cm’) .

It should be pointed out here that it is true
that a display cell which has an S.* layer and likewise
exhibits a current-voltage hysteresis characteristic
with two maxima is known from A.D.L. Chandani et al.,
Jpn. J. Appl. Phys., 27 (1988), L 729. In this so-
called antiferrocelectric display cell, the spontaneous
polarizations P, change their sign from molecular plane
to molecular plane, which is not the case with the
display cell according to the invention. The
antiferroelectric display cell is moreover characterized
in that the birefringence An of the liquid crystal layer
at U = 0 is smaller than that with an applied electric
field. This known display cell is thus fundamentally
different from the subject of the present invention and

does not suggest the achievement of the object according
to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in more detail below
with reference to the attached drawings.



- The display is dark when there is no applied drive voltage (U= 0). -

“If a drive voltage is applied to the cell, the display becones bright. -
The current-voltage hysteresis characteristic of the di splay cell has two
maxi ma of al nost the sane size. - The birefringence An in the field-free
state (= zero field) is greater than i’n the two fully driven, sat ur at ed
states, in which a further increase of the applied electric field
produces no significant change in transmttance. - In contrast to known
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i nventi on. . BRI FF DESCRI PTI ON OF THE DRAW NGS The
i nvention isdaéggrﬂ&%Eﬁ egﬁgFg detail below with reference to the attached
dr awi ngs. Figurc 7 shows a simplified, schematic

representation of a reflecting display cell.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the advantageous electro-optical effects
which can be produced with the cell according to the
invention are explained, the general structure of a
preferred, color display cell will be described in more
detail.

The display cell shown in Figures 1 and 2 and
denoted as a whole by 1 has an S, * layer 2 which has a
layer thickness d arranged between two plates 3 and 4
parallel to one another and comprising transparent
material. Suitable transparent material for the
parallel plates 3 and 4 is, for example, glass, acrylic
glass or plastic films. The layer thickness 4 is
preferably about 2 um to 3 um, for example about 2.1 um.
Since this cell is a direct-view display cell, the
distance d. covered by the light within the liquid
crystal is equal to the layer thickness d.

A polarizer 5 is present on the outside of the
upper plate 3 and is preferably connected to the plate
3, for example adhesively bonded to it. Accordingly, a

polarizer 6 which serves as an analyzer if the light is



7 Figure 1 shows a schematic section through a color display cel

*according to the invention, Figure 2 shows a sinplified, perspective
view of the section shown in Figure 1, Figure 3 shows an enl arged,
graphic representation of an individual snectic |layer of an S err]* phase,
Figures 4, 5 and 6 show a sinplified, gmaphic representation of a plurality
of smectic layers with the associ ated nol ecul ar orientations as a function
of the drive voltage and Figurc 7 shows a sinplified, schematic

represent at i Diic DfieAtr €rbechbayediisplthe cambodiment shown DESCRI PTI ON OF THE
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to the |ayer st WhGlkheForth the usual electrode segments intended for
displaying characters or image points, the section shown
here illustrating only those elements of an individual
electrode segment which is divided into the three color
pixels for the colors red, green and blue for displaying
an image point. Thus, the upper segment of the
electrode 7 is divided into three sub-electrodes 7a, 7b
and 7c and the opposite segment of the electrode 8,
which may also be segmented, is provided with color
filters 9, 10 and 11 coordinated with the individual
sub-electrodes 7a, 7b and 7c. Each sub-electrode 7a, 7b
and 7c also has electronic components 12, 13 and 14,
such as, for example, thin-film transistors and the
like. The latter together with driver electronics 15
with which the sub-electrodes 7a, 7b and 7c can be
driven independently of one another form the active
matrix already mentioned at the outset. Alternatively,

driving may also be effected by an external electronic

circuit. (According to the invention, cells not
addressed by an active matrix are therefore also
possible.)

Those surfaces of the glass plates 3 and 4 which
face the S.* layer are furthermore treated in such a way
that they have an orienting effect on the adjacent
liquid crystal molecules and hence also on the total
liquid crystal layer and therefore determine the

direction of the director. This treatment consists, for



A polarizer 5 is present on the outside of the wupper plate 3 and is

s preferably connected to the plate 3, for exanple adhesively bonded to it.
Accordingly, a polarizer 6 which serves as an analyzer if the light is

8 i nci dent from above in the enbodi nrent shown is coordinated in an

anal ogous manner with the lower plate 49 Alternatively, these polarizers
may al so be arranged inside the cell or even be provided by the plates 2
and 3 if they consist, for exanple, of a plastic which contains oriented
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plates 13 and 14 by the arrow 18, the surface
orientation of the upper plate 3 being paraliel to that
of the lower plate 4.

The polarizer 5 belonging to the upper plate 3 is
arranged in such a way that its polarization direction
is parallel to the surface orientation. The
polarization direction of the polarizer 6 belonging to
the lower plate 4 makes an angle 8 with the direction of
the surface orientation or with the polarization
direction of the polarizer S. This angle £ is
preferably 90°. However, other polarizer arrangements
are also entirely possible and likewise permit good
results. They can be readily determined by simple
optimization.

The liquid crystal mixture which may be used for
the purpose according to the invention and forms an S.*
phase in the cell is distinguished in particular by a
saturated switching angle a > 60° and a pitch p > d.

Two examples of liquid crystal mixtures according
to the invention are shown in Tables 1 and 2 attached at
the end and are designated as test mixtures A and B.
They are additionally distinguished by the fact that
they have a cholesteric phase N* above the S .* phase,
i.e. on cooling from about 100°C to room temperature

they are transformed from the isotropic phase into a
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surface ori eRLEEPOSPEC NG diitferRult e 3L pEn NP aPEEPRFAESORNABYSES he

lower plate 4ubbed parall@iPO! afHZemay N6d 00PFESEQ LhHeaURBBWNPRRed | S
arranged in such a way that its polarjization direction is parallel to the

surface ori eR¥aCPOF 1Py Gt andrigidereidh af Lenpepararezof 6
bel ongi ng t oabiait! @eRic Pl afife LdBKeSs ¥héh9bSol8ar toWsbhct hatdiirection of
the surface orientation or with_the polarization,

0 sec, the desired ferroelectric liquid crystal
configuration forming automatically. On cooling the
liquid crystal layer from the N* phase to the S.* phase,
microscopic domains of a few um width and a few hundred
pm length additionally form and likewise do so

spontaneously.

Plate 1

(a) 25 (b)



direction of the polarizer 5. This angle [err] is preferably 90[err].

* However, other polarizer arrangenents are also entirely possible and

| i kewi se permit good results. They can be readily determ ned by sinple
opti m zati on. The liquid crystal m xture which may be used for the
pur pose according to the invention and yforns an S[err]* phase in the cell
I's distinguished in particular by a saturated swtching angle a > 60[err]
and a pitch p > d. Two exanples of liquid crystal mxtures

according to the i pieRld AN H&yshaws faé‘lJ@P&§§1énaﬂ§!c%oa%§ﬁ%e@>fattwot he
end and are designated as test mxtures A an . are additionally

di sti ngui shezebls twaichceachahavehay layes é'—%‘@ﬁser&/cofph%slé“ Nendbove t he

S[err]* phasgeq érsssoleogaehhggsf rom;eile 1Q0[ &iHdWs 19 1AM Genperature
they are transforned fromthe_ isotropic phase into a

10 = chol est@¥yetphasdxiurgnuhigsn cgiy e upghifer Hheledisrbay[ eet]* phase.
For the produyctbpdiph £Bechedyndetitightla rfaelﬂas'ﬂ% KHEY ELahBgcigyention,

the ferroelectric liquid crystal mxture is gglnto a prepared cel
with a pl atel\ls%dtuarrgiopwttab@ut(bk shpwsr Frr\cs?mre@rm@ned{ ifarresieactrimbed

parallel. 1§%H§‘é1 BeyEEEECE% thite? d&m % l@ilax’fé‘i?ti&ﬂr ny'é‘F;t 'é’r* and is

done at a te rature of about 90[err] I's then cool ed
50[err]C wit hhﬁreo BeteprRecdesS rae@crnefrnrgyenaésawm cinivuiehcalst éuquld

o bk CrLBELTRORUIRY 52l oo SR P Lhpelaibhdaf f3tehe yer |
width and a sgaphmﬁdp@@nes) These micrographs clearly show that

the liquid crystal mixture according to the invention

has, in the state ready for operation, a strip-like

domain structure which is not formed in known

ferroelectric display cells.

The liquid crystal cell according to the
invention is distinguished by a number of advantages.
Thus, the spontaneous formation of the liquid crystal
configuration (spontaneous orientation without
electrical formation) considerably facilitates the
production of ferroelectric display cells. Likewise,
the display cell according to the invention can be
safely heated up to above the clearing point since the
optimal configuration automatically forms again on
cooling. Finally, the display cell according to the
invention manages with small driving voltages even in
the case of active matrix driving and has a high
contrast and a large phase range.

To explain these advantages, a distinction must
be made between the microscopic structure and the
average macroscopic phenomenon. This is to be explained
in more detail below.

The starting point for the explanations below is
the configuration, described with reference to Figures 1
and 2, of a transmission display cell in which the

liquid crystal layer is positioned between the two cross



[errmlength additionally formand |ikew se do so spont aneously.
‘Plate 1 (a) 25

(b)

12

polarizers in such a way that one of the two polarizers
is oriented parallel to the rubbing direction and the
cell is divided into image point segments which can be
electrically driven, for example, by an active matrix.

Let us first consider the macroscopic
observations:

As already mentioned, the display cell according
to the invention is distinguished, inter alia, by the
fact that
- the display is dark at U = 0 and bright at |U| > 0,

- the current-voltage hysteresis characteristic has two
maxima of equal magnitude, |

- the birefringence An in the field-free state is
greater than that in the saturated state and

- the saturation voltage is relatively small even in the
case of very small spontaneous polarization Pg
(P, < 5 nC/cm’) .

At U = 0, the optical axis is parallel to the
rubbing direction, the display is therefore dark and the
residual transmission is very small. If a voltage is
now applied, the display becomes bright. Here, the
action of a positive voltage is the same as that of the
opposite negative voltage. This permits symmetrical
driving in which an image is generated periodically with
a positive voltage and with a negative voltage. . The
possibility of switching back and forth between positive
and negative voltages inhibits the formation of ghost
images, as is the case, for example, in SSF (Surface
Stabilized Ferroelectric Liquid Crystal) displays.

Plate 2 shows the current-voltage hysteresis
characteristic measured with the test mixture A at room
temperature for a symmetrical delta voltage of + 5 V and
11.3 Hz, applied to the cell. This current-voltage
hysteresis characteristic has the above-mentioned

maxima, i.e. one for U > 0 and one for U < 0. This



Plate 1 shows two polarization mcrographs of two cells which each have a
‘l'ayer thickness d of 2 [err]mand two cross polarizers. Picture (a) shows a
liquid crystal m xture which can be used for the display cell according to
the invention and has a phase transition N-S[err]* and picture (b) shows a
conventional ferroelectric liquid crystad mxture with a phase transition
N-S[err]-S[err]* (here, A represents a configuration in which all liquid
crystal nolecules are essentially perpendicular to the snectic planes).
These mi crognaghs thear hylshanet hpjortiddupliphb Xdysiat i ohst swecagcording to
the invention _has,_in t?le state rea%ﬁyf o‘_é:rq%gerati on, a, stii p-1ike domain
structure whPERTi EMnSRFoFRES R IRTRY f SR (392 EpL yySekprated

The liquid cvgitabecebl zateordidErich therd RENEhOpbSi€ieeipgui shed by a
nunber of advaptages., Thys, the spontaneous formation of the liquid crystal
configurati oﬁaggﬁgﬁﬁgné(@;@a&% ‘entation without electrical formation)

consi derably facilitntesompgrps68|icblateol EROWACEEE! NiigHH SR LE! | S.

Li kew se, thgﬁdisalay C according to the invention can be safely heated

|
up to above PABSE EEFFn?OEOi e Safce INEaFR | FRFVe onf PBRF Rt fsAm the

aut omat i cal | yykeefesdgaiimdiratdld Novi tfiidd Ydohden dbgPaerata! | caecor di ng
to the inveniLoB man %gs m%%gisnall driving voltages even in the case of
Fvvﬁg

active matri raqhiegh ot rastessrnbla bl yesynasErigade.

To explain thesh adeprictfes thdidinidd oroTisde be RIS hoLweensthe
m croscopi c atructure .and the average macroscopi ¢ phenonenon. This is to be

expl ai ned i n9R6Pe @&t HMPA die image quakity 7% agrpenhE Pér thee

expl anat i onspbet ediics vdlta kO diyatpon, i RESET s Pede W hBcHEHEHENES tO
Figures 1 aEﬁ 2, of a transmission display cell in which'the 7liquid
crystal | ayefF?fs tPySM i@ ed W39 31WAXS odgproaches the desired

value starting from zero. 1In preferred embodiments of
the invention, the transmittance values of the two
positive and negative saturated states differ by not
more than 10% from one another (100% transmittance
corresponds to the passage of light with parallel
polarizers and U = 0).

Plate 2
Current / pA

1.0 - i

0,5 - .

0,04 "

-0,5 - ' i

-1,0 4

v ¥ v T A T v v r
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12 pol arizers in such a way that one of the two polarizers is oriented
‘parallel to the rubbing direction and the cell is divided into inage point
segnents which can be electrically driven, for exanple, by an active

mat ri x. Let us first consider the nmacroscopi c observations:

As al ready nentioned, the display cell jaccording to the invention is

di stinguished, inter alia, by the fact that - the display is dark at U= 0
and bright at |ul > 0, - the current-voltage hysteresis characteristic has
t wo maxi ma of equal magnitude, - t pprrefringence An in the field-free
state is greater than that in the saturated state and - the saturation
vol tage is rafammissenyCanal | even in the case of very small spontaneous
pol ari zation P[err] (Plerri—="5nCronferriyr—— AU = 0, the
optical axis is p&allel to the rubbing direction, the display is therefore

dark and the residud
applied, the di spkay
is the sane as that |
symmetrical drivi

positive vol tage and
back and forth betwé
formati on of ghos0
Stabilized Ferroel eg

F.ssion is very smal | .

T vol {

age is now
4{positive vol tage
lpermts

gally with a

ifty of switching
its the

SSF (Surface

{Pl ate 2 shows

t he current-volt age- measured w th the test
m xture A at room
10 .
0 - 4
T T d T T T
-6 -4 2 0 2 4 6
Voltage / V

Surprisingly, the birefringence An in the field-

free state is greater than that in the saturated state

when a driving voltage is applied which is so large that

a further voltage increase results in no further

substantial change in transmittance.

This is

advantageous because the lower birefringence in the
light state permits the use of a larger cell spacing,
which is very important for the production of display

cells according to the invention.

However,

the behavior

of the birefringence An also shows that no anti-

ferroelectric cell is present here since it is just

there that the birefringence in the saturated state is
greater than in the zero field.

Finally,

test mixture B.

plate 4 shows a measurement with the

The driving voltage applied to the

corresponding display cell during this measurement is

composed of a sequence of 16 linearly increasing double
pulses, each of which consists of two opposite pulses of

equal size and of 20 ms duration each.



tenperature for a sycmmetrical delta voltage of 5 V and 11.3 Hz, applied

- to the cell. This current-voltage hysteresis characteristic has the
above-nmentioned maxima, i.e. one for U> 0 and one for U< 0. This

13 nmeans that half the spontaneous polarizations switch over in each case
on going fromthe negatively saturated moltage to zero and fromzero to the
positively saturated voltage. I n conparison, plate 3 shows the

| i ght -vol tage dependence for the sane voltage curve. Apart fromthe
hysteresis indicating switching domai p1R¥edanain, the |ight-voltage
characteristic is essentially symetrical with respect to the applied

vol tage. This hysteresis does qeispadngaRnp jlbve +8ge quality as a result of

t he periodic voltage change per image since, according to the invention,
the vol tage dIrwapesieydtbaches the desired value starting fromzero. In

preferred enbodi nent[s of the 'nveénti'on, the transmttance jal ues of the two
positive and negafPye saturated states differ by not nore tlhan 10% from one
anot her (100%transdittance corresponds to the passage of [{ight with
paral |l el polarizergland U = 0). A 4 Plate 2
Current / [err]A Fﬂ? _

40 I i

30 4 i

20 4 4

10 J

0 i M ) M 1 M 1 M 1 N 0

0,0 0,2 04 0,6 0.8 1,0
Time/s

This measurement clearly shows that the cell
switches completely from the saturated state to darkness
at a very low voltage of only 2.8 V, and does so at a
high velocity (switching time t < 500 us). Plate 4 also
shows that the display cell according to the invention
can represent fine gray steps.

The microscopic appearance is as follows:

A greatly simplified microscopic interpretation
of the findings summarized above is shown in Figures 3
to 6. Of these, Figure 3 shows a perspective view of a
smectic layer 31 and Figures 4 to 6 each show a section
through a plurality of smectic layers 41 and 42 adjacent
to one another.

In display cells according to the invention, the
smectic layers of the liquid crystal layer are
essentially perpendicular to the plates of the cell.
Furthermore, the molecules of each layer which are

arranged parallel to one another are inclined by the



[err] 14 Plate 3

Transmission / (9% [err] . Vol t age /
Vv Surprisingly, the birefringence An in the field- free state is

greater than that in the saturated state when a driving voltage is applied
which is so |arge that 16

tilting angle 6 with respect to the normal 32 of the
plane, shown in Figure 3. The angle y in the X-Z plane
also serves for complete characterization of the
configuration. For chiral smectic phases without border
effects, this angle y is not constant but increases from
layer to layer. If therefore the normal of the plane is
followed in the y direction, the molecules of the
individual layers move along a cone and thus form the
helix stated at the outset and having the helix pitch P-
In the present case, however, the helix is coiled up due
to edge forces, i.e. y is about 90°. | '

Figures 4, 5 and 6 also indicate the directions
of the spontaneous polarizations P, with e and x (e = P,
in the forward direction; x = P, in the backward
direction) and the projections of the refractive index
ellipsoids 44 of the molecules onto the display plane,
for a vanishing (Figure 4, U = 0), positive (Figure 5,

U > 0) and negative (Figure 6, U < 0) electric field.

The layers 41 and 42 of Figures 4, 5 and 6
represent two strip-like domains of the type described
above. These are essentially parallel to the rubbing
direction 43.

In the field-free state shown in Figure 4,
adjacent domains have spontaneous polarizations P, in
opposite directions. The projections of the optical
axes onto the display plane are virtually parallel in
the two domains, i.e. they make only a small angle §
with the rubbing direction 43. The liquid crystal layer
therefore has its maximum birefringence in this state.
With the preferred polarization orientation, the display
cell is furthermore dark for U = 0. For a sufficiently
high driving voltage U, one or other domain switches,
depending on the sign of U (shaded refractive index
ellipsoids in Figures 5 and 6). In the resulting

configurations, the molecules of the two domains are



a further voltage increase results in no further substantial change in
‘transmittance. This is advantageous because the | ower birefringence in the
light state permits the use of a larger cell spacing, which is very

i nportant for the production of display cells according to the invention.
However, the behavior of the birefringente An al so shows that no anti -
ferroelectric cell is present here since it is just there that the
birefringence in the saturated state is greater than in the zero field.

Final |y, platke#d ﬁbom@ngeliﬁ?@&lﬂaﬂa[@lt bgw hsiﬁéﬂ&dﬁﬁedm tHEeeglB. ti8e drivi n?
vol t age applled to.t orr ondi n I spl ay ¢e ring |s reasur enmen

i s conposed DPIEE saéaéﬁger8iagév?iﬁgappﬁ PROLE&SIM %&EHMQ¥ A thech of
whi ch consi Sstéfvé%l@ﬁl@&Siﬁl&éﬂﬂl&@‘erﬂfe emaihélg@c@f@lt@a 30a6% . durat i on

each. Plate 4
Cell spacing =2.1 [el?]ST¥fErtp Switeh £PHn S 3PER POE- 8y go the

positively saturated configuration, charge must flow to
the electrodes. The same charge flows on switching from
the negatively saturated cell configuration to zero.

The observation that the charge reversal from the
negatively saturated to the positively saturated state
occurs in two current sutges (plate 2) shows that the
intermediate state for U = 0, shown in Figure 4, is
actually adopted.

This model is certainly a great simplification of
the novel electro-optical effect. Thus, a not
inconsiderable fraction of the display consists of
dislocation lines; furthermore, this representation
neglects the fact that the molecules may be tilted out
of the plane (y # 90°) and that the smectic layers need
not be exactly perpendicular to the display plane.
However, the model explains the observations described
above and shows that the display cell according to the
invention is a completely novel display type.

That it is also a cell type which differs from
the antiferroelectric display cell is shown by the
alternating change of direction of the spontaneous
polarizations. In the present case, these in fact
change their direction not from smectic layer to smectic
layer but from domain to domain, which domains in turn
each comprise hundreds of smectic planes.

An important property of a display cell driven
with alternately positive and negative voltage is the
symmetry of the electro-optical response with regard to
change of sign. As can easily be seen from Figures 4, 5
and 6, this is ensured only when the strip-like domains

are distributed as finely as possible and are of equal



Time /s Thi s measurenment clearly shows that the cell sw tches
‘conpletely fromthe saturated state to darkness at a very |ow vol tage of
only 2.8 V, and does so at a high velocity (switching tinet < 500 [err]s).
Plate 4 al so shows that the display cell according to the invention can
represent fine gray steps. The mis&roscopi ¢ appearance is as foll ows:
A greatly sinplified mcroscopic interpretation of the findings summarized
above is shown in Figures 3 to 6. O these, Figure 3 shows a perspective

view of a sngicié C |piyps 84 antomhfieasld theb ceaeh FPOWHRE SEiGid OMmddy ough a
plurality of snectjc Iagers 41 and 42_ad£g§egp tQ one ot her. a3 In

di spl ay cdl@?ighx#?ﬁ%g POEABSPHFLH: LBn then Y EHay LM i quid
crystal |ayeafo aflge ebsesht fbhy pHOREREIGULE therehd PplAlRs £ 3,hpmald .

I f ch,layer which are arranged rallel to one
gg{)t Eg; m;; g’a,.l%g\% g%gg Cte Ose egng/oryff the saturated s%eitc%%ng

angle o is smaller than 60°, the domains, if present at
all, have a larger area and are not linear. The
electro-optical response is accordingly asymmetrical in
line with the randomness of domain formation, leading to
flicker phenomena because the display changes its
brightness from image to image.

Owing to the very low operating voltage, the ..
analogous reproducibility of gray steps, high contrast
values and the relatively simple production and owing to
the advantages already known from ferroelectric display
cells, the liquid crystal cell according to the
invention is particularly suitable for applications
which must process image sequences rapidly. These
include, for example, video displays for television
sets, video cameras, head-mounted displays, video
projectors, multimedia devices, etc.

It should also be pointed out here that the
liquid crystal cell described above is only one choice
from a plurality of possible embodiments of the
invention.

Thus, the display cell according to the invention
can be operated not only in transmission, as described
above, but also in reflection and may be formed
accordingly. The reflector may be diffuse and in this
case is combined with a transmitting display according
to Figure 1. However, the reflector may also be
specular, which then leads to a cell having a smaller
layer thickness 4.

As an example of a specular, reflective
application, Figure 7 shows a part 50 of a reflective

projection display according to the invention. Here, a



16 tilting angle [err] with respect to the normal 32 of the plane, shown
-tn Figure 3. The angle y in the X-Z plane al so serves for conplete
characterization of the configuration. For chiral snectic phases w thout
border effects, this angle [err] is not constant but increases fromlayer
to layer. If therefore the normal of thg plane is followed in the y
direction, the nol ecules of the individual |ayers nove along a cone and
thus formthe helix stated at the outset and having the helix pitch p. In
the present DoveuRicohfifichBll ¥eiactairkedUn dupdindias, forees, |.e.
y is about 90[err ? Figures 4, al so indicate the directions
of the spont%&ﬁﬁﬁﬁ?lm@latezéil§ﬁsgPPGFﬁFewﬁbﬁ P@ﬂqsﬁﬂﬁY>@K¥¥§W] = Plerr] in

the forward xgc%i@ﬁ §&8N: ¥urrRbemblel, “t’h'%e Q%‘EJ(%’(%’ did_edd Ye gL he

proj ections e refractive I ndex ellipsoi 44 of the nolecules onto the
di spl ay pl areachopravidafdswiifly erldghé -refdectgng mafial \ﬂ;n(ﬁ@@r%% u >
0) and negatiyeg éﬁggy 6a YUrosfhieheslidy G4f is&l 6, d by I grs 41 and
42 of Figures 4, é&u repf gent tm§k£t§|3fg ‘“ﬁ%ﬁ%uns o} the type
descri bed ab@ﬂéen¢ﬁés@naﬁéY€§§eﬁﬁlaImquQWQHLﬂYtﬁﬁ#?&??@@ﬁ#r@ﬁﬂlaect|on
43. b8cbha piskd, f Hated ga dibiftl Wfsods c&dp peent sgomi ns
have spontaneous pofarizations Plerr] in opposite directions.
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parallel in thgnt ¥W9v9QRE BS, arf% &kgﬁ Eﬁg @ﬁagé angle [err] with
e ystal [ay er

t he rubbing direction 43. Th efore has its
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and 6). I'n tfhesrestbll R.AUHO B ASes OErJRYECH! €518 ERgcbyo dommins

are
which lets through red, green and blue light during one

third each of the individual image time. 1In both cases,
the light 58 strikes the polarizing beam divider 57
which reflects one polarization component and lets
through the other (58.1). The reflected light striking
the liquid crystal is thus linearly polarized. It
passes through the liquid crystal layer 54 and is
reflected back by the reflective electrodes 53 and once
again passes through the liquid crystal on the way back.
The polarizing beam divider 57 then acts as an analyzer
which lets through only the component 59, namely that
which is produced by the electro-optically modulated
birefringence of the liquid crystal layer. The other
component 58.2 is reflected back to the lamp. The
modulated light 59 is then projected by a suitable
optical system onto the projection screen (back or front
projection), in the case of beam division the three
beams coordinated with the primary colors being
recombined.

Optically, this arrangement corresponds to a
display having twice the thickness between two cross

polarizers. The functional sequence described above



17 then no | onger parallel but are rotated through the angle
"2([err]-[err]) relative to one another, which explains the observed | ower
birefringence in the saturated state. In order to switch fromthe
zero position to the positively saturated configuration, charge nust flow
to the electrodes. The same charge flov0 on switching fromthe negatively
saturated cell configuration to zero. The observation that the charge
reversal fromthe negatively saturated to the positively saturated state
occurs in tVmemleninsﬂagestbaltatheZ)ligim:\Aﬁaddﬂatpﬁdtm&é& ebyeghat e state

for U= 0, shp in_Fiqure ctual ly ad This npdel is
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furthernore, éhlﬁ rep esent ation negl ects th fact t 511 t he nol ecul es may
be tilted ouf btRERe bFaﬁBa?P'éFrr]' %9’6"[0 d thet 9 ferlGR cFite | ayers
need not be exaeréy per paadimgmr 1tnO tiHee 1cicﬁﬁ<iaycﬁy§w1 tovevege sBe nodel
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domains in turn eacgf n’g}lrl se hundr ds of snectjc
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regard to operating voltages.
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above, but also in reflection and nmay be forned accordlngl The reflector—
‘may be diffuse and in this case is conbined with a transm MH[Im’"’
according to Figure 1. However, the reflector may al so be (#ﬂ”
then leads to a cell having a snaller | ayer thickness d. “As*ans
exanpl e of a specular, reflective appli2@ation, Figure 7 shows a part 50 of
a reflective projection display according to the invention. Here, a

19 sui tabl e sem conductor structure 52 is applied to a silicon plate 51
to generate the necessary dri veWHAD| IS geEAIKEDt I8:nore, the associ at ed

el ectrodes are each provided with a light-reflecting nmetal surface 53 and
the liquid crystal layer 54 is bounded by the two orientation | ayers 55.
The di spl ay f.urt her Boild dwdsl aryetmid qi bk chavibngl y Betraabpatent, opposite

pl ate 56‘Mtéht{§idﬁﬁgétig egect ?ggégggtlshomqkﬁ%%,gggg Iar|2|qg?beam

di vi der 57 arrange ove"t he pr tForP Bt This
di spl ay, thdﬁagﬁuomeop®1a31penyethéoneﬂanhavﬁ@@-$h@uir off tgwralleBplit up

L0 e Do A TRt oLACoRC, 1EThSEad Lo g silensnl pends PO o
during one tdff rehielshisfprbeidedi widhak sm&gadsIﬁtrddtdxﬁfbﬁxéﬁtunéhe
ol ar i 2at; ort SoBEhERE e RaOF cbder REBHAR R SAterl HBE FAd Fife TeAT 6ot od
| i ght strlm@qpté&ettqudd foysgeherathhgsdnlamﬁdqrnuﬂﬁmakﬁxklﬂm Passes
through the Iéf%g§£0ﬁysg kﬁgealqulgncgystal layer having a layer
thickness 4 and.a saturated switching angle o, wherein
the layer thickness d is smaller than the helix pitch p
of the ligquid crystal layer, wherein the saturated
switching angle o is greater than 60° and the liquid
crystal layer forms a cholesteric N phase above the S *
phase, wherein the optical path difference An-d. of the
cell at U = 0 is greater than that in the saturated
state, An being the birefringence and d.; the distance
covered by the light in the liquid crystal between a
- polarizer and an analyzer, and wherein the current-
voltage characteristic of the cell has two maxima, one
for U > 0 and one and U < 0.
2. A liquid crystal cell intended for a transmission
display and as claimed in claim 1, wherein the light
transmittance values of the positively and negatively
saturated states differ from one another by not more
than 10%.
3. A liquid crystal cell intended for reflecting
operation and as claimed in claim 1, wherein said cell
has a specular or a diffuse mirror.
4. A liquid crystal cell as claimed in any of claims
1 to 3, wherein the surface structure is formed by
orientation layers rubbed parallel and wherein at least
one polarizer is parallel to the rubbing direction.

5. A liquid crystal cell as claimed in any of claims



refl ected back by the reflective el ectrodes 53 and once again passes —————

“through the liquid crystal on the way back. The pol ari zing H v

then acts as an anal yzer which lets through only the conpon mmﬂnﬂﬂﬂgﬂm
that which is produced by the electro-optically nodul ated bitef¥ingemcesors
the liquid crystal layer. The other commnent 58.2 is reflected back to the
| anp. The nodul ated light 59 is then projected by a suitable optical system
onto the projection screen (back or front projection), in the case of beam
di vi si on thel ttwe®, beharetnottensued avie! &tietimedry totwsd e ng

reconbi ned. tically,. this.arrgngenent_ _cprresponds to, a display
havi ng twi cé’??ﬁé"fﬂﬂ%ﬂtgg Béflﬁél&ﬁl 3‘?%?53 &ﬂogr“f S0 3% $eReti onal
sequence desornébpdlabdzer is parallel to the direction prefféredrbyeals in
fact that the li gt, beam.produced by the |ight source and striking the cell
passes thr ougﬁﬁet ~bPr BFH Hg o é%'”iod:eé:‘rsystal | ayer 54 twice before it
strikes the anal yzera Jcpoidi ¢gyytal heelllishsnetadnbtl cavensgd dfy diadd ght

in the quuif grygtal i.,s.twi ce as Ia&gf as the thickness d gf the liquid
crystal |ayef, *P.8: ¥81H SPERGSES NS AP THAT T a9t o t he

i nvention angerpeaddedlber tkeidnectaneigperation, it is therefore possible
to halve the_cell thjckness d conpared with.an equival ent. transmi_ssion

di spl ay ceII?‘mhichq+i§%ﬁﬁgﬁylgﬁﬁ StSOHtﬁéPGPﬁgtgF ﬁﬁén?ﬁhdﬁﬁﬁﬂ“%berating

vol t ages. cell as claimed in any of claims 1 to 6.
8. A display means as claimed in claim 7, which is a
video camera, a display for a television set, a head-
mounted display, a video projector or a multimedia

device.



Table 1 : Test m xture A Concentrati on Structure
g/ g 0.140 [err] 0. 150 0. 206 0.197 0.101
0 .101 0. 105 21 Table 2 : Test mxture B

24
FERROELECTRIC LIQUID CRYSTAL CELL

ABSTRACT

The commercial production of DHF (Deformed Helix
Ferroelectric) cells, in particular DHF color display
cells, has scarcely become established to date. This is
in Rarticular because the DHF cells required for this
purpose and based on the known prior art have short
switching times and a good angular range of view but
relatively high voltages and currents are required for
their operation. Moreover, for the production of a DHF
cell, the liquid crystal mixture must additionally be
oriented or formatted by means of an electric field.

The present invention relates to a ferroelectric display
cell which does not have these disadvantages and in
particular is distinguished by the fact that

- the display is dark at U = 0 and bright at |U| > 0,

the current-voltage hysteresis characteristic has two
maxima of equal size,

- the birefringence An in the field-free state is
greater than that in the saturated state and
- the saturation voltage is relatively low even with

very small spontaneous polarization P, (P, < 5 nC/cm’).

Figure 1



Concentration Structure g/g 0.189

[err] 0. 144 [err] 0.111
[err] 0 . 159 0. 156 [err] 0.078
[err] 0. 081 0. 082
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22 VWHAT |S CLAIMED | S: 1. Aliquid crystal cel
‘having a ferroelectric, chiral snectic, birefringent liquid crystal |ayer
and at | east one polarizer, the cell having a pair of parallel plates which
enclose the liquid crystal |ayer and each of which is provided with a
surface structure orienting the nolecules of the liquid crystal |ayer and
at |l east one electrode for generating an electric field with a voltage U,
and the liquid crystal |ayer having a | ayer thickness d and a saturated
swi tching angle a, wherein the layer thi/gkness d is smaller than the helix
pitch p of the liquid crystal layer, mhereln the saturated swi tching angle
ais greater than 60[err] and the liquid crystal layer forns a cholesteric
N phase above the S[e %y ase m@erein the optical path difference

[err]An d[err] of the is greater than that in the saturated
state, An being the bire rlngen-- glerr] the distance covered by the
light in the liquid crystal bet ™ izer and an anal yzer, and
wherein the current- voltage ch the cell has two naxi na, one
for U> 0 and one and U < 0. 2. stal cell intended for a
transm ssion display and as ¢!l & wherein the |ight

transm ttance val ues of the pegjti amd negatji veBy saturated states

differ from one another by not 10% 3. A I|quyd crystal cel
i ntended for reflecting operati _h_;_ ' arm~i; wherein said
cell has a specular or a diffus = - -quid crystal-  cell as

clained in any of clains \-\. \31
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1 to 3, wherein the surface structure is forned by orientation |ayers
‘rubbed parallel and wherein at |east one polarizer is parallel to the
rubbi ng direction. 5. A liquid crystal cell as claimed in any of clains
23 1 to 3, wherein the surface structure is forned by photo-oriented
orientation |ayers and wherein at | east one polarizer is parallel to the

direction preffered by the photo-orientation process. 6. Aliquid
crystal cell as clained in any of claingssd to 5, which conprises two
pol ari zers arranged perpendi cular to one anot her. 7. A di spl ay neans

A di spl ay neans as inclaim7, which is a video canera, a display
for a television s e d nount ed di sl ay

containing the liq Ff crystal cell as claimed in any of clains 1 to 6. 8.
e
mul ti medi a devi ce. 5

9a vi deo projector or a
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