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GB 2 007 417 B SPECIFICATION Liquid crystal display apparatus 5 The
invention relates to a liquid crystal display device comprising a display
screen having a plurality of  5 display elements and a dual frequency
excitation circuit, the display screen comprising a liquid crystal. Such
display devices are inter allia used for displaying alpha-numerical
characters and other characters, and/or figures for data processing
equipment, wherein reading of the data is effected by means of auxiliary
optical means such as polarizers, so that one of th orientation states of
the molecules of a display element 10 furnishes a dark image portion and
the other orientation state furnishes a light image portion. In customary
10 display devices reading can be effected both with incident light and
with transmitted light, for which purpose at least one cover plate with the
electrodes applied thereon is transparent. A display device including a
liquid crystal display screen is disclosed in the article byAlt and
Pleshko, IEEE Transactions on Electron Devices, Vol. ED-21, No. 2, February
1974, pages 146 to 155 inclusive. 15   Page 152 and the following pages of
the above-mentioned article describe a display device of the above-defined
type which comprises a liquid crystal display screen of, for example, the
field effect type. In the description of this display device two rms
voltages V[err] and V[err] are defined on the basis of the static
sensitivity curve of the display screen, during use of which the two
possible orientation states of the molecules of the liquid crystal furnish
the optical contrast which is at least required for reading. It appears 20
that the maximum number m of the groups of display elements to be excited
in time-division multiplex  20 depends on the relative steepness of the
sensitivity curve from which Von and Voff have been derived, it being
necessary to limit m to some dozens of groups to obtain a reasonable
desired contrast. It is an object of the invention to provide a display
device wherein a high constrast is possible at very high values of m, even
for display devices having a sensitivity curve of low relative steepness,
without the 25 necessity of very high drive voltages or a complicated
excitation circuit.                     25 According to the present
invention there is provided a display device comprising a display screen
having a plurality of display elements and an excitation circuit, the
display screen comprising first and second cover plates and a liquid
crystal, the cover plates together with the liquid crystal forming a
twisted nematic type display screen, the first cover plate having a
plurality of first electrodes at a side of the first cover plate facing 30
the liquid crystal, the second cover plate having a plurality of second
electrodes at a side of the second cover  30 plate facing the liquid
crystal, and auxiliary optical means for making visible an orientation
state of groups of molecules of the liquid crystal, the first and the
second cover plate being substantially parallel to one another and coupled
at their edges by means of sealing means for enclosing the liquid crystal
between the cover plates, and wherein a display element is constituted by a
portion of the liquid crystal located between a 35 portion of a first
electrode and an opposite portion of a second electrode; the excitation
circuit comprising a   35 first generator for generating a high-frequency
first a.c. voltage, a second generator for generating a low-frequency
second a.c. voltage, a selection circuit for sequentially coupling the
first generator to always at least one of the first electrodes, a control
circuit for coupling the first generator to the second electrodes and a
coupling circuit for continuously coupling all display elements to the
second generator, wherein for a 40 display element, during the period of
time in which the first electrode corresponding to this display element  40
is coupled to the first generator, the high frequency first a.c. voltage at
the second electrode which corresponds to this same display element is
controlled to be in phase with the high frequency first a.c. voltage at the
first electrode for adjusting a first orientation state of the molecules of
the liquid crystal of this display element and to be out of phase for
adjusting a second orientation state, wherein the liquid crystal is 45 of a
type in which the liquid crystal has a dielectric relaxation, the
difference between the dielectric constant   45 in the average direction of
the longitudinal axes of the molecules and the dielectric constant in a
direction transversely thereto having, at the high frequency of the first
a.c. voltage, the opposite sign to the sign of this difference atthe low
frequency of the second a.c. voltage. It has been found that with a display
device made in accordance with the present invention the maximum 50 value
of m is no longer dependent on the chosen values of V[err] and V[err]. Just
as for the display device  50 according to the above-mentioned article, the
required amplitudes of the a.c  voltages increase by the value of m, so
that ultimately the breakdown voltage of the display screen puts a
practical limit to m, so that it appears that m may range from some
hundreds to approximately a thousand which can be achieved with
sufficiently low voltages. This enables display devices having a number of
lines as customary for 



55 cathode-ray tube display devices of data processing apparatus, wherein
characters having a 7 9 matrix in,    55 for example, 40 text lines can be
displayed, which requires at least 9 40 360 controllable lines. In a
display device in accordance with the invention each molecule is subjected
tothree torques. This is, firstly, a mechanical torque resulting from a
pre-treatment of the cover plates, so that the molecules, other torques not
being present, will orient themselves substantially parallel to the cover
plates with a twist, 60 determined by the preliminary treatment, of, for
example, 90[err], varying from the first to the second cover  60 plate. A
second torque is determined by the square of the rms. value of the low
frequency a.c. voltage multiplied by the difference [err] wherein [err] is
the dielectric constant of the liquid crystal in a direction parallel to
the average orientation of the longitudinal axes of the molecules for the
lowerfrequency, and [err] the dielectric constant in a perpendicular
direction for the same frequency and by the angle between 65 the
orientation of the electric field and the average orientation of the
longitudinal axes of the molecules. For   65    2      GB2007417 8
2 the low frequency the torque tries to adjust the molecules to an
orientation in which the molecules are substantially parallel to the field
direction, called the "ON-state in the further course of this description.
The third torque is determined by the square of the rms. value of the
high-frequency a.c. voltage multiplied by the difference [err], wherein
[err] and [err] are again dielectric constants in said directions, but now
5 for the higher frequency and by the angle between the orientation of the
electric field and that of the  5 molecules. As [err] has an opposite sign
relative to [err], this torque tries to orient the molecules transversely
to the direction of the electric field. The orientation in which the third
torque dominates will be called the "OFF"-state in the further course
ofthis description. As the high-frequency a.c. voltages are supplied in
phase or in anti-phase to the first electrode and the 10 second electrode
during the selection time in which the first electrode corresponding to a
display element is  10 coupled to the first generator, the average rms.
value of the high-frequency a.c. voltage present across the display element
can so be adjusted, depending on the information to be displayed, that said
rms. value more or less compensates the rms. value of the low-frequency
a.c. voltage. In the most simple form VL is supplied to only one of the
sets of electrodes, for example, only to all second 15 electrodes,
superimposed on the high-frequency a.c. voltage attheseelectrodes.
15 As only the rms. value plays a role, the shape of the a.c. voltages is
of no importance, but square-wave voltages are frequently used in view of
the use of digital circuits. In view of the life of the display screen it
is undesirable for the ac. voltage to contain a d.c. component. For
achieving a good result many combinations of amplitudes of the difference
a.c. voltages are possible. 20 An embodiment in which the voltages appear
to be lowest possible on an average is constituted by a display 20 device
wherein the display elements are excited in time-division multiplex by the
excitation circuit and each out of a plurality of m first electrodes
corresponds to one out of m groups of display elements and the selection
circuit couples the first electrodes one at a time and in a cyclic sequence
to the first generator, the amplitude of the high-frequency a.c. voltage at
a first electrode approximately exceeding the amplitude of 25 the
high-frequency a.c. voltage at a second electrode by a factor equal to the
squareroot of m.  25 The invention will now be described, by way of
example, with reference to the accompanying drawings, wherein Figure 1
illustrates by means of a time diagram the amplitudes and phases of the
voltage supplied to the electrodes of a display element, 30  Figure2 is a
simplified time diagram for a connecting mode of a matrix-type display
device having three    30 rows and three columns; and Figure 3 is a
simplified block diagram of an excitation circuit for exciting a
matrix-type display device having m rows and k columns. In Figure 1 fine 1
denotes the a.c. voltage supplied to the first electrode. A plurality of
cycles of the a.c. 35 voltage of the higher frequency are periodically
supplied to the first electrode during the cycle portions [err],   35
[err], etc. Line 2 denotesthe a.c. voltage of the higher frequency as
supplied to the second electrode and line 3 denotes the voltage between the
two electrodes, superpositioning with a signal of the lowerfrequency not
yet being effected. Line 4 denotes the a.c. voltage of the lower frequency
as this voltage appears between 



the electrodes. This a.c. voltage can be supplied at choice to the first or
the second electrode or alternatively 40 in anti-phase to both electrodes
by means of known adder circuits for analog signals. In the drawing the
a.c.  40 voltages of the higher frequency are shown as square-wave voltages
because theses voltages can be formed most easily by means of logic
switching elements, but this is not essential for the inventive idea. In
the example shown in the drawing the amplitude of the a.c. voltages at the
first electrode have been chosen to be equal to Vs and symmetrical relative
to ground, which also applies to the remaining voltages. 45 This symmetry
is desirable in view of the life of liquid crystals; which life can in some
cases be markedly  45 reduced owing to d.c. voltage components in the
drive. The amplitude V[err] of the a.c. Voltage of the higher frequeny at
the second electrode is, in this example, smaller than Vs and about equally
large as the amplitude V[err] of the a.c. voltage of the lower frequency
between the electrodes. 50 - During the first cycle portion t[err] of a
cycle t[err] the voltages, denoted by 1 and 2, are in antiphase and then
50 the a.c. voltage 3 has an amplitude equal to Vs Vo. In the remaining
portion of the cycle t[err] the a.c. voltages 2 and 3 are equal to one
another, because the a.c. voltage 1 is then equal to zero. The fact that
the a.c. voltages 2 and 3 may change phase frequently in the remaining
portion of the cycle tin) is unimportant for the display element under
consideration. 55  The rms. value V[err] of the a.c. voltage of the higher
frequency, taken as an average over the cycle t[err] now  55 exceeds VD.
With [err]then 60
60 [err] The same situation is obtained in the next cycle in which the
voltages 1 and 2 have also opposite phases 65 during [err].
65    3
GB 2007 417 B      3 In the next following cycle shown in the drawing the
voltages 1 and 2 are of the same phase, so that voltage 3 now has the
amplitude Vs - VD. So it now holds that: 5
[err]                     5 At the chosen values of VON and VOFF, which
corresponds to Von and Voff of the above-mentioned article, the voltages
Vs. VD and VL are now chosen so that 10                               [err]
10 and 15
15 [err] 20 If , for convenience, it is assumed that
20 [err] then we find that 25
25 [err] 30
30 from which it follows by means of subtraction that [err] 35
35 and by adding that [err] 40 For a given value for VL the solution of
these two equations is given by                      40 45 [err] 45
50 The lowest value of V[err] by means of which a solution is possible is
given by 



[err]    4     GB2007417 B
4 therefore 5 [err] 10 and
10 [err] 15
15 Consequently, associated with this choice of V is [err] and so 25
[err]                                25 Liquid crystals of the type used
have a change-over frequency for which it holds that 0. This change-over 30
frequency is usually in the order of magnitude of some kHz. Relative to
this change-over frequency the low    30 frequency must be chosen to be
low, the high frequency to be high. For a liquid crystal having a
change-over frequency of approximately 5 kHz good results were obtained
with the lower frequency being in the range of 50 Hz to kHz and the higher
frequency in the range of 10 kHz to 1 MHz. Figure 2 shows diagrammatically
a display device having 3 3 display elements. The lines 10 denoted by1,2 35
and 3, respectively represent the group conductors which interconnect the
first electrodes of the display  35 elements 11, 12,13 and 21,22, 23 and
31,32,33, respectively. The display elements are located there where the
lines 10 cross the lines 35 which represent the column conductors
interconnecting the display elements 11,21,31 and 12,22,32 and 13,23,33,
respectively. A.c. voltages of the higherfrequencies are supplied to the
first and second electrodes corresponding with the condition described in
Figure 1. For clearness sake 40 the supply of the a.c. of the lower
frequency is not shown in the Figure.                 40 A display pattern
is schematically shown, by way of example, the display elements which must
be ON being indicated by means of a circule and the display elements which
must be OFF being indicated by means of a cross. Thus, in this example the
display elements 11,23 and 32 are assumed to be ON, the remaining elements
to be OFF. 45  The voltages by means of which this is achieved are shown in
the left hand portion. The lines 1-1, 1-2 and   45 - 1-3 indicate the a.c.
voltages such as they are supplied to the group conductors [err] and
[err],respectively, the lines 2-1,2-2 and 2-3 the a.c. voltages supplied to
the column conductors [err] and [err], respectively. Duringthe cycleportion
t[err],the so-called, line period of the display device,the voltages 1-1
and 2-1 are in phase for the display element 11, the effect of VLF is
predominant and 1-1 is ON. During t[err] the voltages 2-2 50 and 2-3areof
the opposite phase relativeto 1-1 sothatthedisplayelements 12 and 13 are
OFF. In the cycle'  50 portions t[err] and t[err] of the cycle t[err], the
so-called picture period in which one complete picture is formed, the
Figure shows that also the other display elements are excited in the proper
manner. In these cycle portions the voltage 1-1 is equal to zero and the
phases of the voltages 2-1,2-2 and 2-3 are in agreement with the phases
desired for the display elements to be excited in a given cycle portion. As
already 55 indicated in the description of Figure 1 this phase is of no
importance forthe elements 11, 12 and 1, and the    55 figure shows for the
described display element a random phase, that is to say random relative to
that element In a similar manner excitation can be done by means of an
excitation circuit having m lines and kcolumns, the excitation circuit
scanning them lines 10 one by one and supplying the k lines 35 with
voltages as 60 required for a given display pattern.
60 The integration time over which the rms. a.c. voltages are averaged
depends on properties inherent to the material of the liquid crystal. These
integration times, which occur when a display element is excited, are of
the order of magnitude of the natural decay time in the unexcited state of
such a crystal. For display devices used for displaying, for example,
alpha-numerical characters for data processing systems, much longer time 65
constants are permissible as in these devices the display patterns do not
change rapidly. Time constants of   65  
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GB2007417 B       5 100 msec or more may be used. Figure 3 shows a possible
embodiment of an excitation circuit for a matrix display device or of a
display device for Figures or other characters, composed of segments,
wherein each display element forms a segment and the display elements are
connected in a matrix circuit, but mechanically need not, of necessity, 5
being placed in a rectangular raster pattern.
5 In this excitation circuit an output 40 of a line oscillator 42 is
coupled to an input 44 of a counting circuit 46 and an input 48 of a
multiplex-circuit 50. For a matrix having m lines the counting circuit 46
has at least m possible positions, which are each different from one
another, and which can, for example, be decoded at a number of digital
ouputs 52, which number must be at least[err]  log m rounded upwards to an
integer. The 10 outputs 52 of the counting circuit are coupled to
corresponding inputs 54 of a 1 out of m decoder circuit 56,    10 having m
outputs 58-1 to 58-m inclusive. Each output 58 is coupled to a
corresponding first input 60 of the AND-gate circuits 62-1 to 62-m
inclusive, all second inputs 64 being interconnected and together being
coupled to an ouput 66 of a generator 68 for generating an a.c. voltage of
the higher frequency. Each of the outputs 70-1 to 70-m inclusive are
coupled to one input 72-1 to 72-m inclusive, respectively, of corresponding
15 power amplifiers 74-1 to 74-m respectively, the outputs 76-1 to 76-m
inclusive of which are connected to the   15 group conductors 10-1 to 10-m
inclusive of the display device 80. This section operates as follows. Line
oscillator 42 supplies counting pulses in the desired scanning frequency to
the counter 46 which, as a result thereof, successively passes in a cyclic
sequence through positions which are different from one another. In a
manner known per se, these counting positions are coded thus by the
decoding circuit 56 that the outputs 20 58-1 to 58-m inclusive are
successively excited one by one in a cyclic sequence. As a result thereof
the first    20 inputs 60-1 to 60-m inclusive of the AND-gate circuits 62-1
to 62-m inclusive are energized in the same sequence. During the energizing
period tn of an AND-gate circuit 62-n (n 1,2, ...m)the output 70-n of this
AND-gate follows the pulse shape of the a.c voltage generated by generator
68. The pulse train thus obtained is amplified by the excitation amplifier
74-n to the desired amplitude Vs. symmetrical relative to 25 ground, this
amplified voltage being supplied to the group conductor 10-n. As soon as
and for the time a  25 different AND-gate circuit 70 is energized the
signal at the group conductor 10-n is equal to zero, in accordance with the
representation of the simplified situation in accordance with Figure 2. A
second input 82 of the multiplexer circuit 50 is coupled to an output 84 of
a data processing unit 86. During each line period n the multiplexer
circuit presents, in known manner, the binary information required 30 for
the display elements associated with the group conductor 10-n at the
outputs 88-1 to 88-k inclusive which  30 correspond to the column
conductors 35-1 to 35-k inclusive of the display device 80. Each output 88
of the multiplexer circuit 50 is connected to one corresponding first input
90 of a plurality of Exclusive-NOR gates 92-1 to 92-k inclusive, the second
inputs 94 of which are interconnected and coupled together to the output 66
of generator 68. For the sake of clarity and to facilitate the
understanding of the specification an 35 Exclusive-NOR gate 92 is energized
when the inputs 90 and 94 of that gate 92 are both energized and when    35
none of these two inputs are energized. The outputs 96 of a gate 92
consequently follows the shape of the a.c. voltage of the higher frequency
of generator 68 and is in phase therewith if the associated input 90 is
energized, and of the opposite phase if this input is not energized. Each
output 96 is connected to a first input 98 of a corresponding state of the
art analog adder circuit 100, whose second inputs 102 are interconnected 40
and coupled together to an output 104 of a generator 106 for generating an
a.c. voltage of the lower  40 frequency. Each of the outputs 108 of the
adder circuits is connected to one input 110 of a corresponding excitation
amplifier 112, an output 114 of which is invariably connected to one
corresponding column conductor 35. In this portion of the excitation
circuit the a.c. voltage of the lower frequency is superimposed on the a.c.
45 voltage of the higher frequency and, after amplification, the sum is
supplied to the second electrodes of the    45 display elements of the
display device 80. If the information at the output 88-1 during the first
cycle portion t[err] is a 0, that is to say theinput 90-1 is not energized,
the high-frequency component of the a.c. voltage atthe column conductor
35-1 is in anti-phase to the high-frequency a.c. voltage at the group
conductor 10-1 which, in that part of the period, is 50 excited by a pulse
train. In accordance with the description of Figure 2 the display element
which  50 



corresponds to the group conductor 10-1 and the column conductor 35-1
receives during t[err] between the first and the second electrodes an a.c.
voltage having an amplitude Vs + V[err] and is thereby adjusted to the OFF
condition. If the information presented is a "1 " then it follows in a
corresponding manner that the display element is adjusted to the
ON-condition. In a complete cycle [err] the complete 55 desired display
pattern is finally produced.
55 This embodiment of a display device in accordance with the invention is,
in no way, the only possible embodiment. For a person skilled in the art it
is easy to see thatfor example, the ac. voltage of the lower frequency can
be superimposed with a different arrangement of the elements on the a.c.
voltages at the group conductors 10. Although the excitation circuit will
generally be implemented by means of transistor circuits 60 this is in no
way characteristic of the inventive idea. In many cases the adder circuits
and the associated  60 excitation amplifiers will be combined into one
circuit, which also applies to, for example, the adder circuit 46 and the
one out of m decoder circuit 56. Alternatively, large sections of the
excitation circuit can be combined to one or more integrated circuits. Also
the implementation of the multiplexer circuit and the coupling thereof to
the other elements of the 65 excitation circuit are only summarily
indicated. Both the implementation and the coupling are affected by the 65
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6 nature in which the information to be displayed is available. Although
one embodiment of the display device in accordance with the present
invention has been described any desired modifications thereof may be
effected within the ability of a person skilledin the art and within the
scope of the appended claims. 5 CLAIMS
5 1. A display device comprising a display screen having a plurality of
display elements and an excitation circuit, the display screen comprising
first and second cover plates and a liquid crystal, the cover plates
together with the liquid crystal forming a twisted nematic type display
screen, the first cover plate having a 10 plurality of first electrodes at
a side of the first cover plate facing the liquid crystal, the second cover
plate  10 having a plurality of second electrodes at a side of the second
cover plate facing the liquid crystal and auxiliary optical means for
making visible an orientation state of groups of molecules of the liquid
crystal, the first and the second cover plate being substantially parallel
to one another and coupled attheir edges by means of sealing means for
enclosing the liquid crystal between the cover plates, and wherein a
display 15 element is constituted bya portion of the liquid crystal located
between a portion of a first electrode and an    15 opposite portion of a
second electrode; the excitation circuit comprising a first generator for
generating a high-frequency first a.c. voltage, a second generator for
generating a low-frequency second a.c. voltage, a selection circuit for
sequentially coupling the first generator to always at least one of the
first electrodes, a control circuit for coupling the first generator to the
second electrodes and a coupling circuit for continuously 20 coupling all
display elements to the second generator, wherein for a display element,
during the period of  20 time in which the first electrode corresponding to
this display element is coupled to the first generator, the high frequency
first a.c. voltage at the second electrode which corresponds to this same
display element is controlled to be in pase with the high frequency first
a.c. voltage at the first electrode for adjusting a first orientation state
of the molecules of the liquid crystal of this display element and to be
out of phase for 25 adjusting a second orientation state, wherein the
liquid crystal is of a type in which the liquid crystal has a  25
dielectric relaxation, the difference between the dielectric constant in
the average direction of the longitudinal axes of the molecules and the
dielectric constant in a direction transversely thereto having, at the high
frequency of the first a.c. voltage, the opposite sign to the sign of this
difference atthe low frequency of the second a.c. voltage. 30  2. A display
device as claimed in Claim 1, wherein the excitation circuit includes a
time-division  30 multiplexer for exciting display elements each out of a
plurality of m first electrodes corresponds to one out of m groups of
display elements and the selection circuit is adapted to couple the first
electrodes one at a time and in a cyclic sequence to the first generator,
and the amplitude of the high-frequency a.c. voltage at a first electrode
exceeds the amplitude of the high-frequency a.c. voltage at a second
electrode by a factor 35 substantially equal to the square-root of m.
35 3. A display device substantially as hereinbefore described with
reference to and shown in the 



accompanying drawings. Printed for Her Majesty's Stationery Office, by
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6 nature in which the information to be displayed is available. Although
one embodiment of the display device in accordance with the present
invention has been described any desired modifications thereof may be
effected within the ability of a person skilledin the art and within the
scope of the appended claims. 5 CLAIMS
5 1. A display device comprising a display screen having a plurality of
display elements and an excitation circuit, the display screen comprising
first and second cover plates and a liquid crystal, the cover plates
together with the liquid crystal forming a twisted nernatic type display
screen, the first cover plate having a 10 plurality of first electrodes at
a side of the first cover plate facing the liquid crystal, the second cover
plate  10 having a plurality of second electrodes at a side of the second
cover plate facing the liquid crystal and auxiliary optical means for
making visible an orientation state of groups of molecules of the liquid
crystal, the first and the second cover plate being substantially parallel
to one another and coupled at their edges by means of sealing means for
enclosing the liquid crystal between the cover plates, and wherein a
display 15 element is constituted by a portion of the liquid crystal
located between a portion of a first electrode and an  1 5 opposite portion
of a second electrode; the excitation circuit comprising a first generator
for generating a high-frequency first a.c. voltage, a second generator for
generating a low-frequency second a.c. voltage, a selection circuit for
sequentially coupling the first generator to always at least one of the
first electrodes, a control circuit for coupling the first generatorto the
second electrodes and a coupling circuit for continuously 20 coupling all
display elements to the second generator, wherein for a display element,
during the period of  20 time in which the first electrode corresponding to
this display element is coupled to the first generator, the high frequency
first a.c. voltage at the second electrode which corresponds to this same
display element is controlled to be in pase with the high frequency first
a.c. voltage at the first electrode for adjusting a first orientation state
of the molecules of the liquid crystal of this display element and to be
out of phase for 25 adjusting a second orientation state, wherein the
liquid crystal is of a type in which the liquid crystal has a  25
dielectric relaxation, the difference between the dielectric constant in
the average direction of the longitudinal axes of the molecules and the
dielectric constant in a direction transversely thereto having, at the high
frequency of the first a.c. voltage, the opposite sign to the sign of this
difference atthe low frequency of the second a.c. voltage. 30  2. A display
device as claimed in Claim 1, wherein the excitation circuit includes a
time-division  30 multiplexer for exciting display elements each out of a
plurality of m first electrodes corresponds to one out of m groups of
display elements and the selection circuit is adapted to couple the first
electrodes one at a time and in a cyclic sequence to the first generator,
and the amplitude of the high-frequency a.c. voltage at a first electrode
exceeds the amplitude of the high-frequency a.c. voltage at a second
electrode by a factor 35 substantially equal to the square-root of m.
35 3. A display device substantially as hereinbefore described with
reference to and shown in the accompanying drawings. Printed for Her
Majesty's Stationary Office, by Croydon Printing Company Limited, Croydon,
Surrey, 1982. Published by The Patent Office 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.    


