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The invention relates to ferroelectric liquid crystal
5 displays.

Ferroelectric liquid crystal displays, more particularly of
the DHF (deformed helix ferroelectric) type, are an attractive
alternative to conventional TN (twisted nematic) or STN (super-

10 twisted nematic) displays, particularly when large angles of
view, grey tints or short switching times are required, e.g. when
operating at low temperatures.

The operation of ferroelectric liquid crystal displays is

15 described e.g. in EP-A-309 774. |If operated in "symmetrical”
mode, they have the disadvantage of a large switching angle of
+4590, necessary for maximum transmission. Mixtures with a
large switching angle are difficult to produce and generally
slower than mixtures with a small switching angle. They also

20 tend to wind up the helix before the maximum switching angle is
reached. Hitherto there have been no LC materials with an
optimum switching angle, i.e. optimum lightness in symmetrical
mode. On the other hand, if they are operated in "asymmaetrical”
mode, one disadvantage is that no use can be made of the

25 alternating polarity of the individual images. If, for example, the
displays have to remain dark for a long period, a negative voltage
must be applied during all this time. This results in space
charges in the liquid crystal and at the boundary surfaces. The
space charges alter the electro-optical characteristic, which can

30 result in ghost images and similar, very disturbing effects, which
may make the display useless.

The object of the invention is to provide a ferroelectric
liquid crystal display which does not have the disadvantages of
35 previously known displays of this kind.

According to the invention this is achieved by two liquid
crystal cells disposed one behind the other between two
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15 " described e.g. in EP-A-309 774. |f operated in "symetrical" node, they
have the di sadvantage of a |arge switcRing angle of [err], necessary for
maxi mum transni ssion. Mxtures with a large switching angle are difficult
to produce and generally slower than mxtures with a small swi tching angle.
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5 being so chosen that transmission is not substantially altered
when the control voltages are reversed, and the two displays
being so actuated that the switching angle never exceeds + 22.50
and the polarity of the voltages is periodically so inverted that on
average there is no DC voltage across the cells.
10
Preferred exemplified embodiments of the invention will
now be described with reference to the accompanying drawings,
in which:

15 Fig. 1 is a sectional diagram through a conventional DHF
cell;

Fig. 2 is a perspective diagram of a DHF cell according to
the invention;
20
Fig. 3 shows the orientation and double refraction
properties of the cell arrangement shown in Fig.2, and

Fig. 4 shows the orientation and double refraction
25 properties of an alternative arrangement.

As Fig. 1 shows, a conventional DHF cell comprises two
glass plates 12 fitted with transparent electrodes 10 and
orientation layers 11 and about 2 um apart. A liquid crystal layer

30 13 is disposed in between. The liquid crystal has a ferroelectric
"Sc*" phase with a helical structure. The axis 14 of the helix is
parallel to the plates and the pitch is shorter than the wavelength
of visible light. If no voltage is applied, the helix is not deformed
and the average refractive index points towards the axis of the

35 helix. If a voltage is applied between the two electrodes, the
average refractive index (i.e. the long or major axis of the
refractive index ellipsoid) rotates in the plane of the glass
plates, in one direction for positive and in the opposite direction
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di spl ays have to remain dark for a long period, a negative voltage nust be
applied during all this tinme. This resBlts in space charges in the liquid
crystal and at the boundary surfaces. The space charges alter the

el ectro-optical characteristic, which can 30 result in ghost inages and
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5 helix re-forms. This process, however, may take some time, so

that winding up of the helix is usually avoided in DHF cells. This

means, however, that the maximum usable angle of rotation must

be chosen less than gmax.

10 if a DHF cell is placed between crossed polarizers, the light
transmission alters as a result of the rotation of the refractive
index. It can be shown that a rotation of 459 is necessary for
switching from maximum lightness to darkness. In the dark
state, the optical axis is parallel to one of the polarizers,

15 whereas in the light state it is rotated 4590 therefrom. As already
explained, a DHF display can be operated in two different modes
which differ with respect to the angle q(0) between the optical
major axis and one of the polarizers at an applied voltage of 0 V
as follows:

20

In the symmetrical mode, an applied voltage of U=0V
corresponds to the angle q = 0, i.e. darkness. At both positive and
negative voltages U, transmission increases and reaches a
maximum when q = *459. The same transmission is therefore

25 obtained for positive and negative voltages of equal value. This
enables the same image to be recorded alternately with positive
and with negative voltage, so that on average no DC voltage
component occurs at the cell and consequently no ghost images
appear.

30

In the asymmetrical mode, U = O V corresponds to an angle
of rotation of 22.59, i.e. 50% transmission. A voltage of one
polarity (e.g. positive) increases q and consequently increases
transmission, whereas the opposite polarity decreases both

35 quantities. For complete switching from light to dark, the range
of modulation for q need be only £ 22.50,
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REPLACEMENT SHEET 2 [err] polarizers, one cell having
line electrodes and the other having péxel electrodes, and by neans for
actuating the pixel electrodes with image information in synchronismwth
the line electrodes, the orientation and refractive .index of the |iquid

crystal cells STh@ghvengionc BeRfHInéSahet adVamaFeL o ot bperkehgntial ly
al tered el deiewithsie the afoidfetticndd Fiadvintibes. "the Mot >P! avs
important advantage of the invention is that ferroelectric liquid
displays can be actuated in "asymmetrical” mode without ghost
5 images forming and, in the case of DHF cells, without large
switching angles, which have hitherto been impracticable.

Fig. 2 shows an embodiment of the invention in which two

DHF liquid crystal cells 210, 211 immediately following one

10 another are disposed between crossed polarizers 21, 28. The
liquid crystal cell 210 consists in a known manner of a liguid
crystal layer 23 between two substrates, one with line
electrodes 22 and the other with surface electrodes 24. This
liquid crystal cell is switched one line at a time, at constant

15 amplitude. The liquid crystal cell 211 comprises a liquid crystal
layer 26 between two substrates comprising pixel electrodes 25,
27 and actuated with the image information in synchronism with
cell 210. Fig. 2 omits orientation layers, electric connections to

- the LCDs or any active matrix of components of the liquid crystal
20 cell 211.

According to the invention the liquid crystal cells 210 and
211 are so constructed and actuated as to avoid interfering DC
voltage components. This is done by changing the polarity of the
25 applied voltages from image to image. One important feature of
the invention is that light transmission (the grey scale value) is
the same in both these phases.

Fig. 3 diagrammatically shows the orientation and double
30 refraction properties of the two liquid crystal cells 210 and 211
for three grey stages - i.e. light on line 35, grey on line 36 and
dark on line 37, in columns 31 and 32 for phase 1 and in columns
33 and 34 for the oppositely actuated phase 2. The polarizer 21
(Fig. 2) is polarized at right angles, i.e. parallel to the major axis,
35 in column 31, whereas the analyser 24 is crossed relative
thereto.

A
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bei ng so actuated that the swtching angle never exceeds [err] and the
polarity of the voltages is periodicalby so inverted that on average there
is no DC vol tage across the cells. 10 Preferred exenplified enbodi nents of
the invention will now be described with reference to the acconpanying

drawi ngs, in Wrkd dddble refrabtion bfi the westlingl cejistal aalishiugh a
convent | on@knfikhl SR, applfintately BAHISRS HaY thd AAUARRIE DB ARCH
= ¢/2 with An = na-ng, where ny ¢ denotes the extraordinary and the
ordinary refractive index of the DHF structure, d = cell thickness
5 and y = wavelength (=550 nm). The shaded sectors in Fig. 3 show
the range of rotation of the optical major axis in electro-optical
use; negative voltages (e.g. column 31) rotate the major axis to
the left whereas positive voltages (e.g. column 33) rotate it to
the right. At an applied voltage of 0 V, the optical major axis is
10 rotated 22.5° clockwise from the vertical in the case of the first
liquid crystal cell 210 (columns 31 and 33), and 67.5° anticlock-
wise in the case of the second liquid crystal cell 211 (columns 32
and 34). In all, the two cells, i.e., e.g. the two directions of
rubbing of the orientation layers, are rotated 90° from one
15 another.

Fig. 3 shows directly that transmission in the two phases is
identical. In line 35, phase 1, the linear polarized light is not
influenced by the first liquid crystal cell 210 (column 31), since

20 it is polarized parallel to the optical axis. The second liquid
crystal cell 211 (column 32) acts as a y/2 plate, i.e. it rotates the
direction of polarization through 909, so that light can pass
through the analyser 24 without attenuation. In phase 2, the first
liquid crystal cell 210 (column 33) acts as a y/2 plate and the

25 second liquid crystal cell 211 (column 34) does not influence
polarization. In both phases, therefore, light is transmitted
without attenuation. In the other extreme case of minimum
transmission (line 37) the double refractions of the two liquid
crystal cells balance out, both in phase 1 (columns 31 and 32) and

30 in phase 2 (columns 33 and 34), i.e. transmission between
crossed polarizers is at a minimum.

In the general case, i.e. grey (line 36), a voltage U2 with
U2I<IU1] is applied to the second liquid crystal cell 211. In phase
35 1 the light arriving at the second liquid crystal cell 211 is
polarized at right angles, whereas the first liquid crystal cell
210, as before, has no effect on polarization. The optical axis of
the second liquid crystal cell 211 is rotated relative to the
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20 Fig. 3 shows the orientation and double refraction properties of the
cell arrangenent shown in Fig.2, and Fig. 4 shows the orientation and
doubl e refraction 25 properties of an alternative arrangenent. As Fig. 1
shows, a conventional DHF cell conprises two glass plates 1 2 fitted with

transparenénﬁ},ga &HP@?H& aﬁglep&'@r&m cﬁiﬁtké%‘a% 1ﬂhé‘%l !],Lzze [err]

apart tﬁ er>30 13 rbc& Ié]_qw d
cryst al s resyl §||@Cgr,qrtsm|g§ton MQQ@"W)DH donsinAakt r DCPD?%E he axis
14 of the tifd | firstsliqaicRlcrpstdi océhe2 POaFSEat@zd thEepsidridation stHrough than the
wavel engt h90° (column 33), which is then horizontal on arrival at the second
5 liquid crystal cell 211. Since in this case the voltage -U2 is
applied in phase 2 (column 34), the optical axis is rotated by
450-q relative to the analyser, and consequently transmission is
proportional to cos2[2 (459-))]. "Cos" because the incident light
is polarized parallel to the analyser. This however is propor-
10 tional to sin2(2a), i.e. is identical with phase 1.

Since a can take any value between zero and 45° depending
on the signal voltage U2, the transmission sin2(2a) takes any
value between 0 and 1.

15

Exact positioning of the crossed polarizers or of the two
liquid crystal cells is not critical. As Fig.3 shows, transmission
for the dark state (line 37) is at a minimum for any direction of
the crossed polarizers, since the double refractions cancel out

20 exactly. In the light state (line 35) the colour may depend
slightly on the position of the polarizer. Exact positioning can
therefore be used for optimising the colour.

Fig.4 shows another possible reciprocal arrangement of the
25 two cells and polarizers. In contrast to Fig.3, the cells are
rotated through only 459 from one another. As a result, in phase 1
in the dark state (line 47, columns 41 and 42) the phase shifts
are added instead of compensating one another as in Fig.3. If
however the polarizers are oriented parallel and at right angles
30 to the resulting major axis, transmission is at a minimum.

As will be evident to a person skilled in the art, other
configurations having a similar effect are possible, more
particularly when using thicker birefringent cells with An.d = yor

35 And = 3y/2.

Application of the invention is not restricted to DHF cells,
although they are particularly preferred. Periodic changing of
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of visible light. If no voltage is applied, the helix is not deforned and
the average refractive index points towards the axis of the 35 helix. If a
voltage is applied between the two el ectrodes, the average refractive index
(i.e. the long or major axis of the refractive index ellipsoid) rotates in
t he pl ane i ' F ' 0 E s ape,dealt he
opposi te dﬁéﬁfﬁiﬁéﬁéﬁ%%ﬁﬁ%@%&# )°6le QasePDIPSSF HigRd20r4tal
dlsp?ays, as a means of avoiding ghost images and switching

delays in these displays also.
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for negative voltages. If the voltage is progressively mcreﬂ'ﬁ"”""mlﬂi"m
becones saturated at a maxi mum swi tchi 8 angle [err] which i ’ﬂ",
characteristic for the ferroelectric liquid crystal. At saturation,*tte s
helix is wound up. If the voltage is lowered, the 5 helix re- forrrs Thi s
process, however, nay take sone timeg|figmghat winding up of the helix is
usual |y avoided in DHF cells. This neans, however, that the maxi num usabl e
angl e of rotation nmust be chosen | ess than gmax. 10 If a DHF cell is

pl aced between &rossAdfepntceliectnis, hdnlmd lcrgstalt display ssompridingr ¢was a
resul ng ) fgj Rl WIS A Henil the bin&PbedthuediP¥d "2t 2
ofarizers, one cell having line electrodes and the other having
plxel electrodes, and by means for actuating the pixel electrodes
with image information in synchronism with the line electrodes,
the orientation and refractive index of the liquid crystal cells
being so chosen that transmission is not substantially altered
10 when the control voltages are reversed, and the two displays
" being so actuated that the switching angle never exceeds £22.5°
and the polarity of the voltages is periodically so inverted that on
average there is no DC voltage across the cells.

15 2. A liquid crystal display according to claim 1, wherein
the two liquid crystal cells are DHF displays.

* k%
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swi tching from maxi mum |ightness to darkness. In the dark state, the
optical axis is parallel to one of the @olarizers, 15 whereas in the |ight
state it is rotated [err] therefrom As already explained, a DHF display
can be operated in tw different nodes which differ with respect to the

angle q(O between the optical mpjor axis and one cﬁAN?gq)laQEbﬁers at an

applied voltage of 0 V as follows: 20 In the symretT . an applied
voltage of U= 0 V corresponds to the angle q = 0, i.e. darkness. At both
positive and negative voltages U, transm ssion increases and reaches a

5 Abstract

A ferroelectric liquid crystal display comprises two liquid
crystal cells disposed one behind the other between two
- polarizers, one cell having line electrodes and the other having
10 pixel electrodes. The pixel electrodes are driven with image
information in synchronism with the line electrodes. The
orientation and refractive index of the liquid crystal cells are so
chosen that transmission is not substantially altered when the
control voltages are reversed. The two displays are so actuated
15 that the switching angle never exceeds +22.59. The polarity of the
voltages is periodically so inverted that on average there is no DC
voltage across the cells.

20

(Fig. 2)

|
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maxXi mum when q = [err]. The same transm ssion is therefore 25 obtained for
positive and negative voltages of equal value. This enables the same imge
to be recorded alternately with positive and with negative voltage, so that
on average no DC vol tage conponent dQurs at the cell and consequently no
ghost inmages appear. 30 In the asynwgtrical node, U= 0 V corresponds to an
angl e of rotation oi 22.5, i.e. 50%gransm ssion. A voltage of one polarity
(e.g. positive) incréda ' .8ases transm ssion,
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35 quantities.

For conmplete switching fromlight to dark
nodul ation for g need be only

[err] The invention conbines the advantages of both operating nodes w thout

[err].
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5 iﬁages formng and, in the case of DHF cells, without |arge swtching
Fig. 2 shows an enbodi nent

angl es,

whi ch have hitherto been inpracticable.
of the invention in which two DHF |iquid crystal

cells 210, 211 inmediately

following one 10 another are di sposed between crossed pol ari zers 21, 28.
cel |
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27 and actuated with the image information in syfchry ;EQf

Fig. 2 omits orientation layers, electric connecfi j&%f?ﬁ Sy
active matrix of conponents of the liquid crysta %m(g 0“21%;‘;: fxb&fg%gz

to the invention the liquid crystal cells 210 an
ﬁ?é/m Theed iy taaragedylz
age

and actuated as to avoid interfering D&voltage 4 haecd ffad

h the polarit lied volt C e ©.pagecd ..
::ngg?:*_ ra]_gt f :a{jur e of yﬁ'ﬁ?ﬁkéﬁ-ﬁ,&§$§&pflgq tCR o 1 c%&lgon (the grey )
scale value) is the same in both these phases. F| _gDASEJORQRECHEIRT Cadiiy. ... .
shoms the orientation and doubl e .

The invention relates to ferroelectric liquid crystal
5 displays.

N

Ferroelectric liquid crystal displays, more particularly of
the DHF (deformed helix ferroelectric) type, are an attractive
alternative to conventional TN (twisted nematic) or STN (super-

10 twisted nematic) displays, particularly when large angles of
view, grey tints or short switching times are required, e.g. when
operating at low temperatures.

The operation of ferroelectric liquid crystal :displays is

15 described e.g. in EP-A-309 774. If operated in "symmetrical"
mode, they have the disadvantage of a large switching angle of
£459, necessary for maximum transmission. Mixtures with a

- large switching angle are difficult to produce and generally

slower than mixtures with a small switching angle. They also

20 tend to wind up the helix before the maximum switching angle is
reached. Hitherto there have been no LC materials with an
optimum switching angle, i.e. -optimum lightness in symmetrical
mode. On the other hand, if they are operated in "asymmetrical”
mode, one disadvantage is that no use can be made of the

25 alternating polarity of the individual images. If, for example, the
displays have to remain dark for a long period, a negative voltage
must be applied during all this time. This results in space
charges in the liquid crystal and at the boundary surfaces. The
space charges alter the electro-optical characteristic, which can

30 result in ghost images and similar, very dlsturblng effects, which
may make the display useless.

The object of the invention is to provide a ferroelectric

liquid crystal display which does not have the dlsadvantages of
35 previously known displays of this kind.

According to the invention this is achieved by two liquid
crystal cells disposed one behind the other between two




30 refraction properties of the two Iiquid crystal celll REPUACEMENT28HEETOY

three grey stages - i.e. light on line 35, grey on |line
37, in colums 31 and 32 for phase 1 and in colums 33
oppositely actuated phase 2. The pol adi zer 21 (Fig. 2)

right angles, i.e. parallel to the major axis, 35 in cq
anal yser 24 is crossed relative thereto. [err]

—_
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polarizers, one cell having line electrodes and the other-having
pixel electrodes, and by means for actuating the pixel electrodes
with image information in synchronism with the line electrodes,
the orientation and refractive index of the liquid crystal cells

5 being so chosen that transmission is not substantially altered
when the control voltages are reversed, and the two displays

~ being so actuated that the switching angle never exceeds + 22.50

and the polarity of the voltages is periodically so inverted that on

average there is no DC voltage across the cells.
10 '

Preferred exemplified embodiments of the invention will
now be described with reference to the accompanying drawings,

in which:

15 Fig. 1 is a sectional diagram through a conventional DHF

cell;

Fig. 2 is a perspective diagram of a DHF cell according to

the invention;
20

Fig. 3 shows the orientation and double refraction

properties of the cell arrangement shown in Fig.2, and

Fig. 4 shows the orientation and double refraction

25 properties of an alternative arrangement.

As Fig. 1 shows, a conventional DHF cell comprises two
glass plates 12 fitted with transparent electrodes 10 and
orientation layers 11 and about 2 um apart. A liquid crystal layer

30 13 is disposed in between. The liquid crystal has a ferroelectric
"Sc*" phase with a helical structure. The axis 14 of the helix is
parallel to the plates and the pitch is shorter than the wavelength
of visible light. If no voltage is applied, the-helix is not deformed
and the average refractive index points towards the axis of the

35 helix. If a voltage is applied between the two electrodes, the
average refractive index (i.e. the long or major axis of the
refractive index ellipsoid) rotates in the plane of the glass
plates, in one direction for positive and in the opposite direction

ne

he



The double refraction of the two liquid crystal cells is}i
approxi mately equal to half the wavelength, i.e. An.d = |
= [err], where nao denotes the extraordinary and the ordi
index of the DHF structure, d = cell fhickness 5 and [e

([err] 550 nm. The shaded sectors in Fig. 3 show the ran@gelof rotation o
the optical major axis in electro optical use; negative yoltages (e.g.

(o 0. col tamPedhEiver SolFa¥s, ot il vhlladss aleBrERaAN ISt 0% he

optical nejeangke becomes satuaamd [aﬁra]maxtmum switchingt arglesghisal in the
case of togidy fi§' chafitridtic 1Bl AR ' fet?feletttidMguitt @r%téﬁ)’Afi“d Lerr]

anti cl ock- h .
saturation, the helix is wound up. If the voltage is lowered, the

5 helix re-forms. This process, however, may take some time, so
that winding up of the helix is usually avoided in DHF cells. This
means, however, that the maximum usable angle of rotation must
be chosen less than qmax.

10 if a DHF cell is placed between crossed polarizers, the light
transmission alters as a result of the rotation of the refractive
index. [t can be shown that a rotation of 459 is necessary for
switching from maximum lightness to darkness. In the dark
state, the optical axis is parallel to one of the polarizers,

15 whereas in the light state it is rotated 45° therefrom. As already
explained, a DHF display can be operated in two different modes
which differ with respect to the angle q(0) between the optical

major axis and one of the polarizers at an applied voltage of O V
as follows:

20

In the symmetrical mode, an applied voltage of U = 0 V
corresponds to the angle q = O, i.e. darkness. At both positive and
negative voltages U, transmission increases and reaches a
maximum when q = 450, The same transmission is therefore

25 obtained for positive and negative voltages of equal value. This
enables the same image to be recorded alternately with positive
and with negative voltage, so that on average no DC voltage

component occurs at the cell and consequently no ghost images
appear.

30

In the asymmetrical mode, U = O V corresponds to an angle
of rotation of 22.59, i.e. 50% transmission. A voltage of one
polarity (e.g. positive) increases q and consequently increases
transmission, whereas the opposite polarity decreases both

35 quantities. For complete switching from light to dark, the range
* of modulation for g need be only * 22.59.




wise in the case of the second liquid crystal cell 211 (coI MEN#

In all, the two cells, i.e., e.g. the two directions of rubpi Lﬁéf %ﬁEET
orientation |ayers, are rotated [err] fromone 15 another.}] Hg. 3 shows
directly that transmssion in the two phases is identical. fin I2beFEB 1997
phase 1, the linear polarized [ight is"not influenced by t first liquid
crystal cell 210 (columm 31), since 20 it is polarized parjallel to the
optical axis. The second liquid crystal cell 211 (colum 3 acts _as 2

[err]/2 pl at e, Thejnvention xtarsbines the advantagespof bothaoperammgough [err]
Zﬁatsgatz trﬁBH?%NltHBﬁf {HY Q¥SFerhBRtiBNRDY aRadvAntagBeut 1 rRagat i on. In
important advantage of the invention is that ferroelectric liquid
displays can be actuated in "asymmetrical" mode without ghost
5 images forming and, in the case of DHF cells, without large
switching angles, which have hitherto been impracticable.

- Fig. 2 shows an embodiment of the invention in which two

DHF liquid crystal cells 210, 211 immediately following one

10 another are disposed between crossed polarizers 21, 28. The
liquid crystal cell 210 consists in a known manner of a liquid
crystal layer 23 between two substrates, one with line
electrodes 22 and the other with surface electrodes 24. This
liquid crystal cell is switched one line at a time, at constant

15 amplitude. The liquid crystal cell 211 comprises a liquid crystal
layer 26 between two substrates comprising pixel electrodes 25,
27 and actuated with the image information in synchronism with
cell 210. Fig. 2 omits orientation layers, electric connections to

the LCDs or any active matrix of components of the liquid crystal
20 cell 211.

According to the invention the liquid crystal cells 210 and
211 are so constructed and actuated as to avoid interfering DC
voltage components. This is done by changing the polarity of the
25 applied voltages from image to image. One important feature of
the invention is that light transmission (the grey scale value) is
the same in both these phases.

Fig. 3 diagrammatically shows the orientation and double
30 refraction properties of the two liquid crystal cells 210 and 211
for three grey stages - i.e. light on line 35, grey on line 36 and
dark on line 37, in columns 31 and 32 for phase 1 and in columns
33 and 34 for the oppositely actuated phase 2. The polarizer 21
(Fig. 2) is polarized at right angles, i.e. parallel to the major axis,

35 in column 31, whereas the analyser 24 is crossed relative
thereto.
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i s v/ 2 wit An = na-no, where na o denotes the extraordmary and the
ordinary refractive index of the DHF structure, d = cell thickness
5 and y = wavelength (=550 nm). The shaded sectors in Fig. 3 show
the range of rotation of the optical major axis in electro-optical
use; negative voltages (e.g. column 31) rotate the major axis to
the left whereas positive voltages (e.g. column 33) rotate it to
the right. At an applied voltage of 0 V, the optical major axis is
10 rotated 22.5° clockwise from the vertical in the case of the first
liquid crystal cell 210 (columns 31 and 33), and 67.5° anticlock-
wise in the case of the second liquid crystal cell 211 (columns 32
and 34). In all, the two cells, i.e., e.g. the two directions of

rubbing of the orientation layers, are rotated 90° from one
15 another.

Fig. 3 shows directly that transmission in the two phases is
identical. In line 35, phase 1, the linear polarized light is not
influenced by the first liquid crystal cell 210 (column 31), since

20 it is polarized parallel to the optical axis. The second liquid
crystal cell 211 (column 32) acts as a y/2 plate, i.e. it rotates the
direction of polarization through 909, so that light can pass
through the analyser 24 without attenuation. In phase 2, the first
liquid crystal cell 210 (column 33) acts as a y/2 plate and the

25 second liquid crystal cell 211 (column 34) does not influence
polarization. In both phases, therefore, light is transmitted
without attenuation. In the other extreme case of minimum
transmission (line 37) the double refractions of the two liquid
crystal cells balance out, both in phase 1 (columns 31 and 32) and

30 in phase 2 (columns 33 and 34), i.e. transmission between
crossed polarizers is at a minimum.

In the general case, i.e. grey (line 36), a voltage U2 with
lU2i<IU11 is applied to the second liquid crystal cell 211. In phase
35 1 the light arriving at the second liquid crystal cell 211 is
polarized at right angles, whereas the first liquid crystal cell
210, as before, has no effect on polarization. The optical axis of
the second liquid crystal cell 211 is rotated relative to the
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has no effect on polarization. The optical axis of thﬂ second §
liquid crystal cell 211 is rotated relative to the 6

bef or e,

[err] anal yser through an angle a < [efr] controlled by the vqltage U2.
This results in transm ssion proportional to sin2(2a). 1n phase 2, tnhe
first liquid crystal cell 21 0 rotates the polarization thrduah,rerﬂ
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This results in transmission proportional to sin2(2c). In phase 2,
the first liquid crystal cell 210 rotates the polarization through
90° (column 33), which is then horizontal on arrival at the second
liquid crystal cell 211. Since in this case the voltage -U2 is
applied in phase 2 (column 34), the optical axis is rotated by
450-¢ relative to the analyser, and consequently transmission is
proportional to cos2[2 (459-¢))]. "Cos" because the incident light
is polarized parallel to the analyser. This however is propor-
tional to sin2(2a), i.e. is identical with phase 1.

Since a can take any value between zero and 45° depending
on the signal voltage U2, the transmission sm2(2a) takes any
value between O and 1.

Exact positioning of the crossed polarizers or of the two
liquid crystal cells is not critical. As Fig.3 shows, transmission
for the dark state (line 37) is at a minimum for any direction of
the crossed polarizers, since the double refractions cancel out
exactly. In the light state (line 35) the colour may depend
slightly on the position of the polarizer. Exact positioning can
therefore be used for optimising the colour.

Fig.4 shows another possible reciprocal arrangement of the
two cells and polarizers. In contrast to Fig.3, the cells are
rotated through only 45° from one another. As a result, in phase 1
in the dark state (line 47, columns 41 and 42) the phase shifts
are added instead of compensating one another as in Fig.3. If
however the polarizers are oriented parallel and at right angles
to the resulting major axis, transmission is at a minimum.

As will be evident to a person skilled in the art, other
configurations having a similar effect are possible, more
particularly when using thicker birefringent cells with An.d = yor
And = 3v/2.

Application of the invention is not restricted to DHF cells,
although they are particularly preferred. Periodic changing of
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the two displays, as a means of avoiding ghost images and switching

delays in these displays also.
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1. A ferroelectric liquid crystal display comprising two

liquid crystal cells disposed one behind the other between two

5 polarizers, one cell having line electrodes and the other having
pixel electrodes, and by means for actuating the pixel electrodes
with image information in synchronism with the line electrodes,
the orientation and refractive index of the liquid crystal cells
being so chosen that transmission is not substantially altered

10 when the control voltages are reversed, and the two displays
being so actuated that the switching angle never exceeds +22.5°
and the polarity of the voltages is periodically so inverted that on
average there is no DC voltage across the cells.

15 2. A liquid crystal display according to claim 1, wherein
the two liquid crystal cells are DHF displays.
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however the polarizers are oriented-parallel and at right angles 30 to the
resulting major axis, transmission.is at a .mnimm As will be evident to a
person skilled in the art, other configurations having a similar effect are
possi bl e, nore particularly when usins thicker birefringent cells with
[err]n.d = [err]or 35 [err]n.d = 3[erF]/2. Application of the invention is
not restricted to DHF cells, although they are particularly preferred.

Peri odi ¢ changi ng of . _

FERROELECTRIC LIQUID CRYSTAL DISPLAYS

5 Abstract

A ferroelectric liquid crystal display comprises two liquid
crystal cells disposed one behind the other between two
polarizers, one cell having line electrodes and the other having

10 pixel electrodes. The pixel electrodes are driven with image
information in synchronism with the line electrodes. The
orientation and refractive index of the liquid crystal cells are so
chosen that transmission is not substantially altered when the
control voltages are reversed. The two displays afé" $3 actuated

15 that the switching angle never exceeds +22.59. The polarity of the
voltages is periodically so inverted that on average there is no DC
voltage across the cells.
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