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The invention relates to a method of driving liquid crystal cells of
the so-called DHF (distorted helix ferroelectric) type, and to a circuit
suitable for the purpose.

In the case of DHF cells it is known to reduce the switching times
using special driving pulse shapes (see EP-A-356 730). This results in
switching times in the region of about 40 ms.

This mode of operation permits not only the grey scale values
typical of DHF cells, but also multiplexing in combination with an active
matrix. The relatively short switching time of the DHF cell is of
advantage in the industrial use of liquid crystal cells, e.g. in switchable
filters, light valves (so-called spatial light modulators, SL.Ms) or 3D-
spectacles. Accordingly, in liquid crystal cells there is in principle still
a need for even shorter switching times.

It has now been unexpectedly found that the switching times can
be reduced by a factor of 10 by a novel driving circuit.

According to the invention, the aim of a high switching speed
with simultaneous availability of grey scale values is obtained by driving
the cell via a capacitance connected thereto in series.

In a suitable circuit the cell, during operation, is connected in
series with a capacitance which is small compared with the capacitance
of the helix.

In a particularly preferred embodiment of the invention, the
additional capacitance takes the form of a transparent insulating layer
between the driving electrodes and the liquid crystal.
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The invention relates to a nmethod of driving liquid crystal cells of the
.so-called DHF (distorted helix ferroelectric) type, and to a circuit

suitabl e for the purpose. In tie case of DHF cells it is known to
reduce the switching times using special driving pulse shapes_(sge EP-A-356
730). This resul The |ttmss\nthua|a¢blew are shatter opfcomparable DHF
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even shorter switching tines.
The driving according to the invention still allows grey scales, as
with driving using a special pulse shape and in contrast to the
Lagerwall cell. Consequently, any desired deformation (= alteration of
10 transmission) of the cell can be achieved by suitable choice of amplitude
and/or pulse time.

Electrochemically-induced degradation of the liquid crystal is
avoided, since, owing to the insulating layer, no direct current is flowing
15 in the cell.

The cell can be used in display cells, including television sets and
so-called terminals, in printers (replacement for laser printers) and
generally in all cases where high-speed light modulators or modulators

20 with grey scales can be used.

A preferred embodiment of the invention will now be described
with reference to the accompanying drawings in which:

25 Fig. 1 is a schematic representation of a DHF cell in section.

Fig. 2 is an alternative circuit diagram of the cell according to the
invention.

30 The liquid crystal cell shown schematically in section in Fig. 1is a
so-called DHF (distorted helix ferroelectric) cell as described in Swiss
Patent Application No. 1555/88 dated 26 April 1988. It has two parallel
substrates, e.g. glass plates 1, 2, spaced apart by about 2 mm and
provided on facing surfaces with electrode layers 3, 4. The plates 1, 2

35 also have on facing surfaces PVA coatings 5, 6 which are treated in a
preferred direction, e.g. by rubbing, so as to orient the liquid crystal
molecules in known manner. A liquid crystal layer 7 is disposed
between the plates.

In the present embodiment the liquid crystal is a mixture of:
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It has now been unexpectedly found that the switching tinmes can be reduced
by a factor of 10 by a novel driving circuit. According to the
invention, the aimof a high switchirm® speed with simultaneous availability
of grey scale values is obtained by driving the cell via a capacitance
connected thereto in series. In a suitable circuit the cell, during

bpar ed i th P [ e, e ar
pr req‘)er red enbodﬁmw%% *%ﬁ'%%’??@ﬁ?%ﬂ&”é%&???’&%’&%ﬁ ftitance t Zlkes t he
form of a transpdaf witi% iof 2c{pali( EnE-ochgmylogiphenyl}bectylpyridine| ect r odes and
the liqgid crysga wi g of 2-(p-heptylphenyl)-5-[(E)-2-octenyloxylpyrimidine,
8.8 wt.% of 5-[(E)-2-decenyloxy}-2-(p-heptylphenyl)pyrimidine,
4.4 wt.% of (E)-5-heptyl-2-(4-oct-2-enyloxy-phenyl)- pyridine,
9.3 wt.% of 2,2'-(4,4"-biphenylene)bis[(28,4S,55)-4-methyl-5-octyl-m-
dioxan] and
10 29.3 wt.% of bis[(R)-1-methylheptyl] p-terphenyl-4,4"-
dicarboxylate.

An insulating layer 8 is disposed on one of the two glass plates
between the electrode layer 3 and the orienting layer 5 and constitutes
15 the dielectric of a capacitance which lies in series with the capacitance
of the liquid crystal layer. In place of the capacitance integrated in the
liquid crystal layer, driving can, however, also be effected by a
commercially obtainable capacitor connected in series with the cell.

20 In the alternative circuit diagram of the cell according to the
invention, shown in Fig. 2, the subscript hx denotes the parameter of the
liquid crystal layer. The electro-optical effect of the DHF cell is brought
about by a deformation of a ferroelectric helix. This deformation is
coupled with a charge (polarisation charge) on the helix. The charge

25 Qnx is therefore a measure of the deformation of the helix and
consequently of the electro-optical effect. The fact that an applied voltage
deforms the helix can be described by introducing a capacitance Cpx
which is charged when a voltage is applied. The viscosity of the liquid
crystal is8 thus described by a series resistance Rnyx. The series

30 resistance of the ITO layer is also present in Rpy.

The electro-optical effect fo, (Qnx) is therefore only a function of
Qnhx. This model leads to a frequency dependence for Qpx of the following
form:

35

U
Qhx(P) = Chx I—)R_h-x_(—gph%:_l- (1)

where p = j w, w = frequency, j = imaginary unit.
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2 The tines thus achi evable are shorter than for conparable DHF cells
which are directly driven by square-wave pul ses. The driving voltage is
preferably M t n Replasedy s convent i onal driving voltages. In this node
of operationJi EH ﬂ hi gher wi thout damaging, i.e. unw nding, the
helical stru quid cryst& . The driving according to
the invention still allows grey scales, as

The frequency behaviour of f,, therefore corresponds to that of an RC
element with a characteristic time thx=RhxChx. The electro-optical effect
follows the applied voltage up to the cut-off frequency of the RC element,

5 so that a separation into switching voltage and holding voltage is
superfluous.

If an additional capacitance Cext is connected in series with the
cell, then Cpx in formula (1) must be replaced by C, the capacitance of
10 the series connection of Chy and Cext:

C = CnxCext/(Chx + Cext) (2)

The new characteristic time is therefore t = Rpx C. Since C is
15 always smaller than Cegt, this time can be made very short for small
values of Cext. Since the extent of the electro-optical effect is also
proportional to C (equation 1), the lower time is limited ultimately by the
highest voltage which can be applied without damaging the cell.

20 No direct current voltage component can be applied to
capacitively-coupled liquid crystal cells. On the one hand this is very
desirable, since then no space charges are separated in the liquid crystal
cell, which would have an adverse effect on the orientation, stability or
working point (ghost images). T'wo modes of operating a DHF cell can be

25 distinguished, depending upon the chosen position of the crossed
polarisers relative to the helix. In both modes, de-free driving is possible
within limitations:

If a polariser is parallel to the helical axis, then the light
30 transmission is at a minimum when a voltage 0V is applied to the liquid
crystal cell, and is greater for both positive and negative voltages. If,
therefore, the liquid crystal cell is driven alternately positively and
negatively, the average voltage at the liquid crystal cell will be zero. In
the case of television images, therefore, a positive and a negative image
35 can be recorded in alternation. One disadvantage of this method is that
the useful electro-optical effect is halved.

If a polariser is rotated through a fixed angle (preferably 22.5°) to
the helical axis, the light transmission is at a minimum e.g. at a given



with driving using a special pulse shape and in contrast to the Lagerwall

cell. Consequently, any desired deformation (= alteration of transm ssion)
of the cell can be achi eved by SU|tabIe choi ce of anplitude and/ or pul se
tinme. Electrochenlcally i nduce?d degradatlon of the I|qU|d crystal is

"t he. el reeative Yohes ™ AR 15K llaifilbyn B4 b ncfigh BftheS i by oy O

tel evi si on gs:erenmmde&eeadnmg diherefare, Un-h+ mﬂﬂttQﬁiEal(Uépltaséiﬁémhﬁgjr | aser
ko) o1 R bt ik b s, Reogoes e -
t he i nvent PR w:h |’ﬁ{1@\,gngé el wpp%@gn is therefore partlcularly smtal?le for
5 applications with a constant scanning ratio such as e.g. serially
connected filters or spectacles for watching stereo images on a screen
where the left and right images are presented in alternation.

d’

As already partly mentioned, the advantages of the driving
10 method according to the invention mainly consist in short switching
times, in the absence of a dc component across the cell, in substantially
simpler driving and in inherent protection by isolation from short
circuits. These advantages are in addition to the known advantages of
DHEF cells regarding the possibility of grey scales, thin cells with little
15 dependence on the angle of viewing, and combination with active
addressing.
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with reference to the acconpanying drawi ngs in which: Fig. 1is a

. schematic representation of a DHF cell in section. Fig. 2 is an
alternative circuit diagramof the cell according [
The liquid crystal cell shown schemat¢ca| ly in se Iiﬂwmﬁt{“‘ @mmms a
so-called DHF (distorted helix ferro ectrlc) ceI kN SW SS
Pat ent Application No. 1555/88 dated ril 1988. It has two parall el

substrates, e.g. glass plates 1, 2, spaced apart by about 2 nm and provi ded
on facing surfaces with electrode |ayers 3, 4. The plates 1, 2 al so have on

1; aci ng sur flaces APitethodof dyivihg alighidéryatal celbof e Dmilh(dmedxfed é;léhx |
i recti on. oSl fieiE - na ftiaobR 18" BR B i plebivesil o o1 ccul e i

5 capacltance which 1s small compared with the capacitance of the liquid
crystal layer.

2. A circuit for driving a liquid crystal cell of the DHF type,
characterized in that during operation the cell is connected in series

10 with a capacitance which is small compared with the capacitance of the
liquid crystal layer.
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bet ween the pl ates. In the present enbodinment the liquid crystal is a

m xture of: 3 13.1 wt. % of
5- nonyl - 2-[ p- (nonyl oxy) phenyl ] pyri m di ne, 21.9 wt. % of

2- [ p- (hexyl oxy) phenyl ] - 5- nonyl pyri m di ne, 4.4 w . % of
2-[p-[(E)-2-oct enyl oxy] phenyl ] -5-oct yypyri di ne, 8.8 wt. % of

2- (p- heptyl phenyl ) -5-[ (E) - 2- oct enyl oxy] pyri m di ne,

RAN 4701/146
Abstract

A method of driving a liquid crystal cell of the DHF (distorted helix
ferroelectric) type, in which the cell is capacitively driven. In a circuit
for driving a DHF-type liquid crystal cell, the cell during operation is

10 connected in series with a small capacitance.
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8.8 wt. % of 5-[(E)-2-decenyl oxy]-2-(p-heptyl phenyl)pyrim di ne, 4.4
Wt . % of "(E)-5-heptyl-2-(4-o0ct-2-enyl oxy-phenyl) - pyrldlne 9.3 wt. %
of 2,2 -(4,4"-biphenyl ene)bis[(2S, 4S, 5S) -4-net hyl -5-octyl-m di oxan] and
29.3 wt. % of bis[(R)-1-nethyl heptyl] p-terphenyl-4,4"- dicarboxyl ate.

An insulating layer 8 is disposed on one of the two gl ass pl ates between
the electrode |layer 3 and the orienting layer 5 and constitutes the
dielectric of a capacitance which lies in series with the capacitance of
the liquid crystal layer. In place of the capacitance integrated in the
liquid crystal |ayer, driving can, however, also be effected by a
commerci al |y obtai nabl e capacitor connected in series with the cell.

In the alternative circuit diagramof the cell according to the
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invention, shown in Fig. 2, the subscript hx denotes the paraneter of the
liquid crystal layer. The electro-optical effect; of-the DHF;-C(-:—II |s brought
about by..a deforma'u on: of a ferroelectric helix.m T i'S "def-or' N
coupl edi ikt it ‘B¢ har ge ¢bpl ari sation charge) on the},hel--r Xt Thé--c-har‘gé ger ri’ --
IS therefafe P rreasuren of the deformation of the hglix" and conseqbent 'y~ of :

t he el e;ctjro,,g:ggxal eff ect. The fact tHat an appl |/ Vol tage: defofns: the ' ~.
hel i x oa(hL s Beds by i ntroduci ng a capacitancé Clerr] which s Charged.
when aivaltage is. ap.pLJ; ed. The viscosity of the liquid crystal is thus
descri l}ed by a series re$| stance Rlerr]. The series:resistance:of the |TO

| ayer is—al-so-present~im R err]. The el ectro-optical - effect feo
(Qerr]) is therefore onlyafunctlon of Q[err] ThIS m)del | eads to a
frequency dependeniMethed andeDevicatfor Briving biguig shal Displays

The invention relates to a method of driving liquid crystal cells of
the so-called DHF (distorted helix ferroelectric) type, and to a circuit
suitable for the purpose.

In the case of DHF cells it is known to reduce the switching times
using special driving pulse shapes (see EP-A-356 730). This results in
switching times in the region of about 40 ms.

This mode of operation permits not only the grey scale values
typical of DHF cells, but also multiplexing in combination with an active
matrix. The relatively short switching time of the DHF cell is of
advantage in the industrial use of liquid crystal cells, e.g. in switchable
filters, light valves (so-called spatial light modulators, SLMs) or 3D-
spectacles. Accordingly, in liquid crystal cells there is in principle still
a need for even shorter switching times.

It has now been unexpectedly found that the switching times can
be reduced by a factor of 10 by a novel driving circuit.

According to the invention, the aim of a high switching speed
with simultaneous availability of grey scale values is obtained by driving
the cell via a capacitance connected thereto in series.

In a suitable circuit the cell, during operation, is connected in
series with a capacitance which is small compared with the capacitance
of the helix.

In a particularly preferred embodiment of the invention, the
additional capacitance takes the form of a transparent insulating layer
between the driving electrodes and the liquid crystal.



Qerr](P) E::[e_r.rr]'-—»/r% , (1) where p = w, w= frequency, j
= imaginany junit. b 4
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The times thus achievable are shorter than for comparable DHF
cells which are directly driven by square-wave pulses. The driving
voltage is preferably higher than previous conventional driving voltages.
In this mode of operation it can also be higher without damaging, i.e.
unwinding, the helical structure of the liquid crystal.

The driving according to the invention still allows grey scales, as
with driving using a special pulse shape and in contrast to the
Lagerwall cell. Consequently, any desired deformation (= alteration of
transmission) of the cell can be achieved by suitable choice of amplitude
and/or pulse time.

Electrochemically-induced degradation of the liquid crystal is
avoided, since, owing to the insulating layer, no direct current is flowing
in the cell.

The cell can be used in display cells, including television sets and
so-called terminals, in printers (replacement for laser printers) and
generally in all cases where high-speed light modulators or modulators
with grey scales can be used.

A preferred embodiment of the invention will now be described
with reference to the accompanying drawings in which:

Fig. 1 is a schematic representation of a DHF cell in section.

Fig. 2 is an alternative circuit diagram of the cell according to the
invention.

The liquid crystal cell shown schematically in section in Fig. 1is a
so-called DHF (distorted helix ferroelectric) cell as described in Swiss
Patent Application No. 1555/88 dated 26 April 1988. It has two parallel
substrates, e.g. glass plates 1, 2, spaced apart by about 2 mm and
provided on facing surfaces with electrode layers 3, 4. The plates 1, 2
also have on facing surfaces PVA coatings 5, 6 which are treated in a
preferred direction, e.g. by rubbing, so as to orient the liquid crystal
molecules in known manner. A liquid crystal layer 7 is disposed
between the plates.

In the present embodiment the liquid crystal is a mixture of:



The frequency behaviour of feo therefore corresponds to that of an RC
element with a characteristic tine t[err]=Rerr]C[err]. The el ectro-optical
effect follows the applied voltage up to the cut-off frequency of the RC

el enment, so that a separation into switgching voltage and holding voltage is
super fl uous. | f an additional capacitance Clerr] is connected in
series wwth the cell, then (Jerr] in fornmula (1) nust be replaced by C the

capaci tance of t ' I iPA, . H%?’ﬁ' 35
C=(err](err] ;icggﬂ-ivsgﬁ-&wl)?& %Srglsﬂ'ip é]g@vf/ﬁ%cqﬁ}greéct eristic tine
is therefore t = #3wh%of Bilpdhieryloxyiphend-Snaenepyrinaidioperr], this tine
can be made very £46¢f.% 6f 2-3pUE)-2CtEH10%yIphenk]-5-ot 4 pytillth&Xt ent of the
el ectro-opti cal eggev% I S le% . e g
. .% of 2-(p-heptylphenyl)-5-[(E)-2-octenyloxy]pyrimidine,
8.8 wt.% of 5-[(E)-2-decenyloxy}-2-(p-heptylphenyl)pyrimidine,
4.4 wt.% of (E)-5-heptyl-2-(4-oct-2-enyloxy-phenyl)- pyridine,
9.3 wt.% of 2,2'-(4,4"-biphenylene)bis[(2S,4S,5S5)-4-methyl-5-octyl-m-
dioxan] and
29.3 wt.% of bis[(R)-1-methylheptyl] p-terphenyl-4,4"-
dicarboxylate.

An insulating layer 8 is disposed on one of the two glass plates
between the electrode layer 3 and the orienting layer 5 and constitutes
the dielectric of a capacitance which lies in series with the capacitance
of the liquid crystal layer. In place of the capacitance integrated in the
liquid crystal layer, driving can, however, also be effected by a
commercially obtainable capacitor connected in series with the cell.

In the alternative circuit diagram of the cell according to the
invention, shown in Fig. 2, the subscript hx denotes the parameter of the
liquid crystal layer. The electro-optical effect of the DHF cell is brought
about by a deformation of a ferroelectric helix. This deformation is
coupled with a charge (polarisation charge) on the helix. The charge
Qnx is therefore a measure of the deformation of the helix and
consequently of the electro-optical effect. The fact that an applied voltage
deforms the helix can be described by introducing a capacitance Cpx
which is charged when a voltage is applied. The viscosity of the liquid
crystal is thus described by a series resistance Rhx. The series
resistance of the ITO layer is also present in Rpy.

The electro-optical effect fo, (Qnx) is therefore only a function of
Qnx. This model leads to a frequency dependence for Qpy of the following
form:

Ulp
Que(p) = Ohx 30T ®

where p = j w, w = frequency, j = imaginary unit.



proportlonal to C (equatlon 1), the lower tine is limted ultimately by the
hi ghest vbltage. whko@ggaﬁ be applied w thout damaging the cel

direct cutrent voltage cohpbnent can be applied to capaC|t|ver coupl ed
liquid crysial-eett-s—0r “ihb one hand this is very desirable, since then no
space charges are separatedxln the liquid crystal cell, which would have an
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superfluous.

If an additional capacitance Cext is connected in series with the
cell, then Cpy in formula (1) must be replaced by C, the capacitance of
the series connection of Chy and Cext:

C = ChxCext/(Chx + Cext) (2)

The new characteristic time is therefore t = Rpx C. Since C s
always smaller than Cegt, this time can be made very short for small
values of Cext. Since the extent of the electro-optical effect is also
proportional to C (equation 1), the lower time is limited ultimately by the
highest voltage which can be applied without damaging the cell.

No direct current voltage component can be applied to
capacitively-coupled liquid crystal cells. On the one hand this is very
desirable, since then no space charges are separated in the liquid crystal
cell, which would have an adverse effect on the orientation, stability or
working point (ghost images). Two modes of operating a DHF cell can be
distinguished, depending upon the chosen position of the crossed
polarisers relative to the helix. In both modes, dc-free driving is possible
within limitations:

If a polariser is parallel to the helical axis, then the light
transmission is at a minimum when a voltage 0V is applied to the liquid
crystal cell, and is greater for both positive and negative voltages. If,
therefore, the liquid crystal cell is driven alternately positively and
negatively, the average voltage at the liquid crystal cell will be zero. In
the case of television images, therefore, a positive and a negative image
can be recorded in alternation. One disadvantage of this method is that
the useful electro-optical effect is halved.

If a polariser is rotated through a fixed angle (preferably 22.59) to
the helical axis, the light transmission is at a minimum e.g. at a given



therefore, the liquid crystal cell is driven alternately positively and
negatively, the average voltage at the liquid crystal cell will be zero. In
the case of television imges, therefore, a positive and a negative inage
can be recorded in alternation. One disadvantage of this nethod is that the
useful electro-optical effect is halved. If a polariser is rotated
through a fixed angle (preferably 22.5P9rr]) to the helical axis, the light

transm ssi on, d5+ffe FolEAgd TH B £t athafinBlfor a positive voltage U,. To
guarantee dc-free driving, therefore, U,t; must equal ULt., t;,. denoting
the times during which the positive and, respectively, negative voltage is
applied. This mode of operation is therefore particularly suitable for
applications with a constant scanning ratio such as e.g. serially
connected filters or spectacles for watching stereo images on a screen
where the left and right images are presented in alternation.

As already partly mentioned, the advantages of the driving
method according to the invention mainly consist in short switching
times, in the absence of a dc component across the cell, in substantially
simpler driving and in inherent protection by isolation from short
circuits. These advantages are in addition to the known advantages of
DHF cells regarding the possibility of grey scales, thin cells with little
dependence on the angle of viewing, and combination with active
addressing.




5 negative voltage U and at a maxinumfor a positive voltage U+. To
guarantee dc-free driving, therefore, Wt+ nust equal Ut, t+, denoting the
times during which the positive and, respectively, negative voltage is

applied. fliim lwﬂgmati on is therefore particularly suitable for
applicati H ﬂ“[m I“) nt scanning ratio such as e.g. serially connected
filters or*spectlacl®essfor watching st@reo i nages on a screen where the left

and right images are presented in altgrnation. As al ready partly
mentioned, the advantages of the dri t hod according to the invention
mai nly consist in short switching tines, in the absence of a dc conponent

across theqcell g | tﬁb'&%?ﬁ%ﬁ%lay i&biﬂol:xf‘}{st&lréé?%ﬂﬁt}?é‘g)ljiﬁ‘ (aiN6FRA helix

protection by isolation tromsHort clircuits, These advantages are In

addi ti on t ferrpelerbricirtypey sharapteriged in that driving is capacitive via a
capacitance which is small compared with the capacitance of the liquid

crystal layer.

2. A circuit for driving a liquid crystal cell of the DHF type,
characterized in that during operation the cell is connected in series
with a capacitance which is small compared with the capacitance of the
liquid crystal layer.
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DHF cells regarding the possibility of grey scales, thin cells with little
dependence on the angle of view ng, and conbination with active addressing.
6 Clainms 1. A nmethod of driving a liquid
crystal cell of the DHF (distorted helix

7

METHOD AND DEVICE FOR DRIVING LIQUID CRYSTAL DISPLAYS

Abstract

A method of driving a liquid crystal cell of the DHF (distorted helix
ferroelectric) type, in which the cell is capacitively driven. In a circuit
for driving a DHF-type liquid crystal cell, the cell during operation is
connected in series with a small capacitance.
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ferroelectric) type, characterized in that driving is capacitive via a
capaci tance which is small conpared with the capaci tance of-the;liquid
crystal layer. 2. Acircuit for driving a lirqui-dlchystiali:ceb{ of the DHF
type, characterized in that during operation tthe cell 1s conngcted in
series with a capacitance which is small conpared wtirt hescapaci t ance of
the liquid crystal |ayer. L P |

e et
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Fig.2



