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METHOD OF DRIVING FERROELECTRIC
LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] This application claims the benefit of Korean
Application No. P2001-63199, filed on Oct. 13, 2001, and
which is hereby incorporated by reference.

[0002]

[0003] The present invention relates to liquid crystal dis-
plays, and more particularly, to a method of driving ferro-
electric liquid crystal displays with improved contrast and
brightness.

[0004] 2. Discussion of the Related Art

[0005] Recently, liquid crystal displays (hereinafter abbre-
viated LCDs), which are low power consuming, low volume
flat panel displays, have been replacing conventional cath-
ode ray tubes in many applications. Liquid crystals having
both liquid fluidity and optical crystal properties. LCDs
operate by varying arrangement of liquid crystal using
applied electric fields.

[0006] LCDs functionally include a liquid crystal panel
and display drivers. The liquid crystal panel includes a lower
(or array) substrate having pixel electrodes and thin film
transistors arranged in a matrix, an upper (or common)
substrate having a common electrode and color filter layers,
and liquid crystal disposed between the upper and lower
substrates.

[0007] There are different types of liquid crystals. For
example, twisted nematic (TN) liquid crystals can be used to
fabricate thin, low power, highly portable TN LCDs (twisted
nematic liquid crystal displays). While beneficial in many
respects, TN LCDs tend to have narrow viewing angles and
relatively slow response times, thereby being rather unsuited
for displaying high speed moving images.

[0008] Another type of liquid crystal is the ferroelectric
liquid crystal (FLC). FLC has a property that enables
in-plane switching of ferroelectric liquid crystal displays
(FLCDs). In-plane switching can lead to improved viewing
angles and faster response times as a result of spontancous
polarization. Therefore, FLCDs can have wide viewing
angles and relatively fast response times. Thus, FLCDs are
well suited for producing high speed moving images,
thereby being a leading contender for next generation tele-
vision sets.

[0009] FLCs themselves have various modes of operation,
including the DHF (deformed helix FL.C) mode, the SSFLC
(surface stabilized FL.C) mode, the AFLC (anti-ferroelectric
LC) mode, the V type FLC mode (hereinafter abbreviated V
mode), the Half-V type FLC mode (hereinafter abbreviated
HV mode), and the like.

[0010] Much effort has gone into improving the FLC V
mode because of it has advantages in gray realization and
drive systems, and into improving the HV mode. Prototype
V mode and HV mode LCDs have been reported.

[0011] HV mode is highly advantageous in that it enables
a high contrast ratio, primarily owing to the superiority of its
initial alignment state, suitability for active driving, and
good temperature characteristics.

1. Field of the Invention
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[0012] The initial alignment of the HV mode is established
as follows. An electric field having a DC component that
corresponds to a drive saturation voltage of the liquid crystal
is applied between upper and lower electrodes during a
phase transition (produced by temperature variation) of the
liquid crystal from an initial N*state to an SmC* state. The
applied electric field induces a spontancous polarization
direction along the applied electric field. Thereafter, unless
disturbed (such as by an applied electric field), the liquid
crystal molecules form a molecular arrangement along the
spontaneous polarization direction induced by the initial
alignment, thereby forming a uniform alignment state. For
example, if the DC electric field used for initial alignment
was negative (-), unless another potential is applied the
liquid crystal molecules uniformly aligned in the directed
induced by the negative (-) potential. Accordingly, when
used in a display, the spontaneous polarization direction
controls the alignment of the liquid crystal until a positive
(+) electric field is applied. A negative (-) field has little or
no effect on the liquid crystal. Thus, since only half of the
possible electric fields significantly impact the liquid crystal
alignment, the transmittance characteristic for applied data
voltages is often called a Half-V (or HV as used herein) type
FLC (cf. FIG. 3).

[0013] Meanwhile, the LCD display drivers include a
central processor that outputs synchronous signals that are
produced by processing video signals input from an external
device. Additionally, a timing controller generates various
timing signals required for image display from a synchro-
nous signal output from the central processor. In particular,
the timing controller produces a frame period, a basic time
unit in which video data is displayed. Furthermore, a data
drive part supplies data lines with output signals from a
signal controller (based on outputs from the central proces-
sor), a gate drive part that sequentially applies scan voltages
to the gate lines (based on outputs from the central proces-
sor), and a power supply that produces various required
voltages. The On/off states of the thin film transistors
(hereinafter abbreviated TFTs) depend on the voltages
applied to the gate lines. In particular, a TFT channel opens
when a TFT is turned on. Then, a pixel electrode is charged
by the signal voltage on an associated data line. The result
is video data displayed on the liquid crystal panel.

[0014] Specifically, the power supply produces a common
voltage Veom that is applied to the common electrode, and
data drive part provides the liquid crystal panel with positive
and negative video signals that represent an image that is to
be produced by a pixel.

[0015] The positive and negative video signals are alter-
nately applied as data voltages to the pixel (electrode), while
a middle (between the positive and negative video signals)
voltage, Vcom, is applied to the common electrode. This use
of positive and negative video signals prevents the LC
degradation that would result if only single polarity DC
voltages were used.

[0016] The positive and negative video signals are not
randomly applied. In practice there are a number of driving
schemes that are used to prevent LC degradation. Those
schemes include frame inversion, line inversion, column
inversion, and dot inversion.

[0017] In dot inversion, both line and column inversions
are used. This results in an improved image since flicker, an
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attribute of AC switching, tends to cancel out. In dot
inversion the polarity of adjacent pixels differ.

[0018] FIG. 1 illustrates a drive waveform in a typical dot
inversion method. Referring now to FIG. 1, the gate voltage
Vscan determines the state of each TFT. For example, if a
Vscan high voltage of 21V is applied to a gate, that gate is
‘ON’. If a Vscan low voltage of =5V is applied, that gate is
‘OFF’.

[0019] As shown, Veom is a uniform DC waveform (and
which is connected to the common electrode) and Vdata is
a data voltage that is inverted, relative to Vcom, with the
inversions occurring at a uniform rate according to a drive
frequency that establishes frame periods. Vdata inversion
compensates for the DC electric field accumulated in the
previous frame so as to prevent ion accumulation in a liquid
crystal (LC) cell, as well as LC degradation.

[0020] A nematic LC display driven by dot inversion has
the transmittance T represented by the graphs shown in FIG.
2. As shown, the brightness (a function of transmittance)
depends on the absolute magnitude of Vdata relative to
Veom. However, referring now to FIG. 3 and FIG. 4, the
brightness of a HV mode FLC display depends on both the
magnitude and on the direction of the applied electric field.
In particular, one electric field polarity causes an increased
brightness while the other polarity has little or no effect. This
produces a brightness discontinuity. FIG. 3 and FIG. 4
shows a HV mode FLC display that responds only to a
positive (+) polarity electric field. As shown, when driven by
an alternating current Vdata signal the polarity of the electric
field is inverted at a 1:1 ratio (Vcom as the reference
voltage). Thus, an HV mode FLCD has a brightness that
corresponds to half that of other LCDs.

[0021] Unfortunately, the method of driving a ferroelectric
liquid crystal device according to the related art has prob-
lems. For example, when the initial aligmnent is achieved
using a HV mode ferroelectric liquid crystal, that liquid
crystals operate only with an electric field of one polarity. In
particular, when the driving alternating current is inverted at
a 1:1 ratio, bright and dark states alternate in each frame.

[0022] Hence, the equalized brightness is reduced to half
that of a general nematic mode, which degrades image
quality.

SUMMARY OF THE INVENTION

[0023] Accordingly, the present invention is directed to a
method of driving a ferroelectric liquid crystal display that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0024] An object of the present invention is to provide a
method of driving a ferroelectric liquid crystal display by
manipulating the waveforms Vdata and Vcom, thereby
improving the brightness of a ferroelectric liquid crystal that
operates using the HV type transmittance-voltage (T-V)
characteristic.

[0025] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
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realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0026] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a method of driving a
ferroelectric liquid crystal display includes applying a data
voltage (Vdata), a compensation voltage, and a common
voltage (Vcom) to each pixel of a liquid crystal display in
each frame so as to selectively drive the liquid crystals,
wherein the compensation voltage has a polarity that is
opposite that of the data voltage Vdata, with Vcom being a
reference voltage.

[0027] Beneficially, the application time of Vdata is longer
than the application time of the compensation voltage.
Furthermore, the common voltage Vcom can be fixed or can
vary in each frame period. Also beneficially, the integration
over the applied time of the data voltage is equal to the
integration over the applied time of the compensation volt-

age.

[0028] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0030] FIG. 1 shows driving waveforms of a typical dot
inversion method;

[0031] FIG. 2 shows data voltages and the common
voltage, plus the transmittance of a related art nematic liquid
crystal display;

[0032] FIG. 3 shows the electric field verses transmittance
curve of a related art HY mode ferroelectric liquid crystal;

[0033] FIG. 4 shows data voltages and the common
voltage, plus the transmittance of a related art ferroelectric
liquid crystal display;

[0034] FIG. 5 shows a schematic diagram of an LCD
drive circuit;
[0035] FIG. 6 illustrates a timing diagram of various

signal waveforms according to a first embodiment of the
present invention; and

[0036] FIG. 7 illustrates a timing diagram of various
signal waveforms according to a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] Reference will now be made in detail to illustrated
embodiments of the present invention, examples of which
are shown in the accompanying drawings. Wherever pos-
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sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0038] The present invention incorporates image data
voltages and compensation voltages that are applied to data
lines and that can improve display brightness while still
preventing DC voltage degradation.

[0039] The present invention is directed to applications
that use ferroelectric or anti-ferroelectric liquid crystals in
single domain L.C cells. Such cells have a helical structure
that is initialized by simultaneously applying both tempera-
ture variations and an electric field. The spontaneous polar-
ization direction is uniformly aligned by the applied electric
field. Namely, the LC has a spontaneous polarization in a
positive direction when a positive voltage is initially applied
across the liquid crystal, or a spontaneous polarization in a
negative direction when a negative voltage is initially
applied across the liquid crystal.

[0040] If the LC is initially aligned by a negative voltage,
the LC alignment is switched when a positive voltage is
applied (thus varying the light transmittance). However, the
LC alignment state does not vary (or varies little) from its
initial alignment when a negative voltage is applied. Thus,
an applied positive voltage represents image data (R, G, B)
while an applied negative voltage is a compensation voltage
that prevents degradation of the LC layer due to the applied
positive voltage. What follows makes the assumption the LC
is initially aligned by a negative voltage. Then, positive data
voltages applied to the data line act are image data voltage
signals while negative voltages applied to the data line act
are compensation voltages. However, it should be under-
stood that if the LC is initially aligned using a positive
voltage that negative voltages will represent image data
while positive voltages will represent compensation volt-
ages.

[0041] FIG. 5 illustrates a schematic diagram of a drive
circuit of a typical LCD, FIG. 6 illustrates a timing diagram
of signal waveforms according to a first embodiment of the
present invention, and FIG. 7 illustrates a timing diagram of
signal waveforms according to a second embodiment of the
present invention.

[0042] Referring now to FIG. 5, a liquid crystal display
generally includes a liquid crystal panel 10, a gate driving
part 20, a data drive part 30, a timing controller 40, and a
power supply part 50. The liquid crystal panel 10 includes
gate lines 2, data lines 3, and a thin film transistor at
intersections of the lines 2 and 3. The gate drive part 20 is
connected to the gate lines 2 and determines the ‘on/off’
states of the thin film transistors by applying predetermined
scan voltages to the gate lines 2. The data drive part 30 is
connected to the data lines 3 so as to transfer data voltages
and compensation voltages to the various pixels. The timing
controller 40 receives external image signals and synchro-
nous signals that control the timing of the gate and data drive
parts 20 and 30. The power supply part 50, which is supplied
with power from an external source, generates various
power signals that applied to the liquid crystal panel 10.

[0043] The scan voltages are applied to the gate lines 2 so
as to selectively turn on/off the thin film transistors. The scan
voltages are periodically applied to the gate lines 2 such that
first and second pulses are applied to each pixel in every
frame. The first pulse applies image data (as a data voltage)
while the second pulse applies a compensation voltage.
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[0044] Meanwhile, the voltages (data and compensation)
supplied through the data lines 3 are transferred from source
S electrodes to drain electrodes D through channels that
form when the thin film transistors turn on.

[0045]

[0046] A first embodiment of the present invention, shown
in FIG. 6, has a uniform common voltage Vcom (that is, it
is fixed). Positive data voltages and negative compensation
voltages are selectively and alternatingly applied to the data
lines. For convenience, since both data voltages and com-
pensation voltages are applied to the same line, those
voltages are jointly represented by the line Vdata. As shown,
the positive data voltage is applied for a longer period of
time than the negative compensation voltage. This improves
the overall brightness by increasing the time that each pixel
transmits light. However, in each frame the integrated value
of the applied positive data voltage over time (with reference
to Vcom) is matched by the integrated value of an applied
negative compensation voltage over time (again, with ref-
erence to Vcom), with the negative compensation voltage
being applied for a shorter period of time. Thus, the mag-
nitude of the negative compensation voltage is greater than
the magnitude of the positive data voltage. The two equal
integration values prevent flicker from occurring as well as
preventing liquid crystal degradation. Furthermore, residual
images caused by DC electric field accumulation are also
prevented. Beneficially, over time, the applied data voltages
alternate polarity (relative to Vcom).

[0047] As discussed above, the image is substantially
constructed by only the positive data voltage, while the
negative compensation voltage compensates for the positive
data voltage so as to minimize DC polarity effects.

[0048] An example may be helpful. Assume that the
amplitude of the negative compensation voltage is twice the
positive data voltage. Then, the positive data voltage should
be applied for twice as long as the negative compensation
voltage. FIG. 6 shows the time distribution between bright
and dark states as 2:1 in cach frame. However, the actual
ratio should vary in accordance with the amplitudes of the
data and compensation voltages.

[0049] Therefore, according to the first embodiment the
image creating data potentials are applied for longer periods
of time than the compensation voltage, while the common
voltage Vcom is fixed at a predetermined potential. Addi-
tionally, the integration of the positive data compensation
and negative compensation voltages (relative to the common
voltage Vcom) are the same, thus the average voltage
applied across the liquid crystal layer over time is zero
(relative to the common voltage Vcom). Additionally,
because the positive data voltage is applied for a longer
period of time, the average display brightness increases.
This is because HV type FLC (ferroelectric liquid crystals)
having T-V characteristics controlled only by positive data
voltages.

[0050]

[0051] A second embodiment according to the present
invention, illustrated in FIG. 7, uses a varying common
voltage Vcom. In particular, as shown, the common voltage
Veom is greater when the (negative) compensation voltage
is applied. Also as shown, the positive data voltages and the
negative compensation voltages are applied in each frame.

First Embodiment

Second Embodiment
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However, the positive data voltage is applied for a longer
period of time in each frame than the negative compensation
voltage. This improves overall brightness by enabling each
pixel to transmit light for a greater period of time in each
frame.

[0052] Specifically, scan voltages are applied to a plurality
of gate lines that connect to the gate drive part. The scan
voltages determine the ‘on/off state of the thin film transis-
tors. The scan voltages are applied for predetermined por-
tions of a predetermined frame period. When the scan
voltages correspond to a high level, the thin film transistor
is turned on.

[0053] The scan voltages are applied such that first and
second pulses are applied to each pixel in every frame. The
first pulse represents actual image data, while the second
pulse enables compensation of DC effects produced by the
first pulse. As mentioned above, the data voltage and the
compensation voltage pass through a channel between the
source and drain electrodes when the gate receives an ON
voltage. The passed voltages are applied across the liquid
crystal layer by a pixel electrode that connects to the data
line when an ON voltage is applied.

[0054] FIG. 7 illustrates waveforms when positive and
negative data voltages are respectively applied for %5 and %3
of each frame. Again, for convenience, since both data
voltages and compensation voltages are applied to the same
line, those voltages are jointly represented by the line Vdata.
The amplitudes of the positive and negative voltages, rela-
tive to the common voltage Vcom when a positive data
voltage is applied, are equal. This reduces the required swing
of the voltages on the data line from that required in the first
embodiment of the present invention. Therefore, the second
embodiment reduces the liquid crystal scan voltage and
power consumption requirements.

[0055] Still referring to FIG. 7, the common voltage
Vcom that is applied to the common electrode is different
when a positive data voltage is applied than when a negative
compensation voltage is applied. For example, as shown in
FIG. 7, when a negative compensation voltage (again, the
line Vdata represents both the positive data voltage and the
negative compensation voltage) is applied the common
voltage Vcom equal the magnitude of the positive data
voltage. By increasing the common voltage Vcom it is
unnecessary to increase the negative data voltage to achieve
a greater difference between the common voltage Veom and
the negative data voltage. Thus, it is possible to make the
integrated positive data voltage (relative to Veom) over time
equal to the integrated negative compensation voltage (rela-
tive to Vecom) over time, while having the positive data
voltage applied longer in each frame period (which
improves brightness), and without increasing the absolute
magnitude of the negative data voltage. This reduces liquid
crystal degradation and flicker.

[0056] Thus, it is possible to increase the average bright-
ness of an HV FLC by applying the positive data voltage
longer in each frame period while still providing DC com-
pensation.

[0057] Accordingly, a method of driving a ferroelectric
liquid crystal display according to the present invention has
various advantages. First, the time that each pixel transmits
light is increased. This increases the possible brightness over
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that in the related art HV type FLC display. Second, if the
common voltage Vcom is changed it is possible to increase
the difference between the common voltage and the com-
pensation voltage without increasing the magnitude of the
compensation voltage. Therefore, the required voltage
swing on the data lines can be reduced. This enables a
reduction in power consumption.

[0058] 1t will be apparent to those skilled in the art than
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A method of driving a ferroelectric liquid crystal
display, comprising the steps of:

applying a common voltage to a common electrode;

applying a data voltage that represents image information
to a pixel electrode for a first portion of a frame period,
wherein the data voltage has a first polarity and a first
magnitude relative to the common voltage; and

applying a compensation voltage to the pixel electrode for
a second portion of the frame period, wherein the
compensation voltage has a polarity relative to the
common voltage that is opposite the first polarity, and
a second magnitude relative to the common voltage.

2. The method of claim 1, wherein the common voltage is
constant in the frame period.

3. The method of claim 2, wherein a liquid crystal
alignment of the ferroelectric liquid crystal display is
changed by the application of the data voltage so as to
change the light transmittance through the ferroelectric
liquid crystal display.

4. The method of claim 3, wherein the liquid crystal
alignment of the ferroelectric liquid crystal display blocks
light when the compensation voltage is applied.

5. The method of claim 2, wherein the second magnitude
is greater than the first magnitude.

6. The method of claim 5, wherein the first portion has a
longer time duration than the second portion.

7. The method of claim 2, wherein a time integration of
the first period and the first magnitude, and the time inte-
gration of the second period and the second magnitude, are
substantially same.

8. The method of claim 2, wherein the first, polarity is
different in different frame periods.

9. The method of claim 1, wherein the common voltage
changes in the frame period.

10. The method of claim 9, wherein a liquid crystal
alignment of the ferroelectric liquid crystal display is
changed by the application of the data voltage so as to
change the light transmittance through the ferroelectric
liquid crystal display.

11. The method of claim 10, wherein the liquid crystal
alignment of the ferroelectric liquid crystal display blocks
light when the compensation voltage is applied.

12. The method of claim 9, wherein the second magnitude
is greater than the first magnitude.
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13. The method of claim 12, wherein the first portion has
a longer time duration than the second portion.

14. The method of claim 9, wherein a time integration of
the first period and the first magnitude, and the time inte-
gration of the second period and the second magnitude, are
substantially same.

15. The method of claim 9, wherein the first polarity is
different in different frame periods.

16. The method of claim 9, wherein the common voltage
when the compensation voltage is being applied has the
same absolute polarity as the data voltage.

17. A ferroelectric liquid crystal display, comprising:

a array substrate having a plurality of pixel electrodes,
each pixel electrode being connected through a thin
film transistor to a data line;

a common substrate having a common electrode;

liquid crystal interposed between the array substrate and
the common electrode;

a common voltage source for applying a common voltage
to the common electrode; and
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a data drive part for selectively applying a data voltage
during a first portion of a frame period and a compen-
sation voltage during a second portion of the frame
period;

wherein the data voltage represents an image and has a
first polarity and a first magnitude relative to the
common voltage; and

wherein the compensation voltage has a polarity relative
to the common voltage that is opposite the first polarity
and a second magnitude relative to the common volt-
age.

18. A ferroelectric liquid crystal display according to
claim 17, wherein the liquid crystal is selected from a group
consisting of ferroelectric and anti-ferroelectric liquid crys-
tals.

19. A ferroelectric liquid crystal display according to
claim 17, wherein the common voltage source produces a
fixed common voltage.

20. A ferroelectric liquid crystal display according to
claim 17, wherein the common voltage source produces a
common voltage that changes in each frame period.
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