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7) ABSTRACT

The invention relates to a m-column/n-row/mxn-pixel inver-
sion driving method for a liquid crystal display where m can
be any integer from two to the number of scan lines and n
can be any integer of two to the number of column lines.
Such a driving method greatly reduces total fringe field
effect on display to maintain contrast whilst minimizing
perception of flickering. Moreover, the number of inversions
can be adjusted to strike a balance between contrast and
perceptibility of flickering. The n-row inversion method can
be applied to passively and actively driven liquid crystal
displays where n can be any integer from two to the number
of scan lines. The m-column inversion driving method can
be applied to an actively driven LCD where m can be any
integer from two to the number of column lines while the
nxm-pixel inversion method can be applied to an actively
driven LCD where n can be any integer from two to the
number of scan lines and m can be any integer from two to
the number of column lines. This inversion method is
particularly useful in actively driven miniature TFT and
reflective liquid crystal on silicone displays in contrast to the
effect on fringe field if a conventional single row/column/
pixel inversion method is used.
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Fig. 1 Structure of passively driven liquid crystal display
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Fig. 2 Example waveform appiied to the common and segment electrodes



Patent Application Publication  Nov. 8,2001 Sheet 3 of 15 US 2001/0038370 A1

Fig. 3 Coating of silicon dioxide applied for better electrical isclation between the
two ITO surfaces
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Fig.4  Color filter material applied on/under the ITO layer
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Fig. 5 reflective coating applied onvunder the ITO layer of the rear substrate



Patent Application Publication  Nov. 8,2001 Sheet 4 of 15 US 2001/0038370 A1

ey
P

Fig. 6 Arrangement for reflective single crystal CMOS microdispiay
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Fig. 7 Signal waveform incorporating row inversion scheme for actively driven
liquid erystal display
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Fig. 8  Signal waveform incorperating columnn inversion scheme for actively driven
liquid crystal display
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Fig. 9 Signal waveform ‘Acorporatng pixel inversion scheme for actively driven
qud crystal display ‘
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Fig. 10 Polarities of resulting fields applied to pixels for two consecutive frames
zdopting row inversion scheme
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Fig. 11 Palarites of resuiting fields applied to pixels for two consecutive frames
adopting column inversion scheme
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Fig. 12 Polarities of resuiting fields applied to pixels for twe consecutive frames
adopting pixel inversion scheme
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Fig. 13 Signal waveform incorporating row inversion scheme for passively driven
liquid crystal display
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Fig. 14 2D director configuration of two pixels driven in column inversion mode
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Fig. 15 Signal waveform incorporating Z-row inversion scheme for passively driven
liquid crystal display
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Frame N+1

Fig. 16 Polarities of resulting fields applied to pixels for two consecutive frames
adopting 2-row inversion scheme
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Fig. 17 Polanties of resulting fields applied to pixels for two consecutive frarmes
adopting 2-column inversion scheme
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Fig. 18 Polarities of resulting fields applied to pixels for two consecutive frames
adopting 2x2-pixe! inversion scheme
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Fig. 19 Signal waveform incorporating 2-row inversion scheme for actively driven
liquid crystal display
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Fig. 20 Signal waveform incorporating 2-column inversion scheme for actively
driven liquid crystal display
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DRIVING SCHEME FOR LIQUID CRYSTAL
DISPLAYS

[0001] The invention relates to passively and actively
driven liquid crystal displays and more particularly to the
driving of such a display to minimize perception of a
flickering effect to an observer.

[0002] Liquid crystal displays (LCDs) are well known, but
can suffer from flickering, caused by a too fast response to
time, so that it responds to a time wave-form and not
root-mean-square value (passively driven LCDs) or by a
charge imbalance (active driven LCDs).

[0003] The reason for the imbalance is that implantation of
transistors is carried out on only one of the two surfaces of
the substrates. To minimize the perception of flickering in an
actively driven LCD, row, column, and pixel inversions have
been proposed. The flickering effect is thus spatially aver-
aged out to an extent that is imperceptible. However, this
results in reduced contrast due to a fringe field effect
occurring on the pixel boundary. The loss is usually negli-
gible when the pixel size is not too small. However, in the
case of a miniature display (e.g. amorphous-silicon TFT,
poly-silicon TFT, and miniature liquid crystal on silicon),
the loss in contrast can be sever and cannot be compensated.

[0004] Tt is an object of the invention to seek to mitigate
these disadvantages.

[0005] According to the invention, there is provided a
method for driving an LCD, comprising the steps of pro-
viding an LCD with a number of columns, a number of rows,
and a number of pixels, and driving the LCD by multiple
inversion of a column, row or pixel, whereby to provide a
reduced total fringe field effect to maintain contrast and a
minimised flickering on display.

[0006] Using the invention it is possible to reduce flick-
ering in a miniature display.

[0007] The number of inversions may be adjustable. This
provides for flexibility, and provides for striking a balance
between contrast and perceptibility of flickering.

[0008] Suitably there may be a number of columns (m
which may be any integer from two to the number of scan
lines and there may be a number of rows (n) which may be
any integer from two to the number of column lines. This
provides for applicability to different sized LCDs.

[0009] There may be an (n)-row inversion applied to a
passively and an actively driven LCD, and (n) may be any
integer from two to the number of scan lines. This provides
for applicability to two forms of driving.

[0010] There may be an (m)-column inversion applied to
an actively driven LCD, and (m) may be any integer from
two to the number of column lines.

[0011] There may be an nxm-pixel inversion driving
method in an actively driven LCD, where (n) may be any
integer from two to the number of scan lines and (m) may
be any integer from two to the number of column lines.

[0012] The method may be applied to an actively driven
miniature TEFT LCD and/or reflective liquid crystal on
silicon LCD.

[0013] Suitably there may be a plurality, preferably a
simultaneous inversion of two, columns, two rows or two
pixels of an LCD.
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[0014] A method embodying the invention is hereinafter
described, by way of example, with reference to the accom-
panying drawings.

[0015] FIG. 1 is a schematic cross-sectional view of the
structure of a passively driven LCD;

[0016] FIG. 2 shows a wave-form applied to common and
segment electrodes of an LCD of FIG. 1;

[0017] FIG. 3 and FIG. 3A show cross sectional views of
a coating of silicon dioxide applied to provide enhanced
electrical 1solation between two ITO surfaces,

[0018] FIGS. 4A-4D show cross sectional views respec-
tively of different positions of a colour filter material applied
on or under an ITO layer of an LCD;

[0019] FIGS. 5 and 5A show schematically a cross sec-
tional view to an LCD having a reflective coating applied on
(FIG. 5) or under an ITO layer of a rear substrate of an LCD;

[0020] FIG. 6 shows schematically a construction for a
reflective signal crystal CMOS micro display;

[0021] FIG. 7 shows a signal wave-form incorporating a
row inversion method for an actively driven LCD;

[0022] FIG. 8 shows a signal wave-form incorporating a
column inversion method for an actively driven LCD;

[0023] FIG. 9 shows a signal wave-form incorporating a
pixel inversion method for an actively driven LCD;

[0024] FIG. 10 shows schematically polarities of resulting
fields applied to pixels for consecutive frames when using a
row inversion method;

[0025] FIG. 11 shows schematically polarities of resulting
fields applied to pixels for two consecutive frames when
adopting a column inversion method;

[0026] FIG. 12 shows polarities of resulting fields applied
to pixels for two consecutive frames when adopting a pixel
inversion method;

[0027] FIG. 13 shows a signal wave-form incorporating a
row inversion method for a passively driven LCD;

[0028] FIG. 14 shows a two-dimensional director con-
figuration for two pixels when driven in a column inversion
mode;

[0029] FIG. 15 shows a wave-form incorporating a two-
row inversion scheme for a passively driven LCD;

[0030] FIG. 16 shows polarities of resulting fields when
applied to pixels for two consecutive frames when adopting
a two-row inversion method;

[0031] FIG. 17 shows polarities of resulting fields when
applied to pixels for two consecutive frames when adopting
a two-column inversion method;

[0032] FIG. 18 shows polarities of resulting fields when
applied to pixels for two consecutive frames when adopting
a nxm=2x2 pixel inversion method;

[0033] FIG. 19 shows a signal wave-form incorporating a
two-row inversion method for an actively driven LCD;

[0034] FIG. 20 shows a signal wave-form incorporating a
two column inversion method for an actively driven LCD;
and
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[0035] FIG. 21 shows a signal wave-form incorporating a
nxm=2x2 pixel inversion method for an actively driven
LCD.

[0036] Referring to the drawings, there is shown a method
for driving an LCD, comprising the steps of providing an
LCD with a number of columns (m) and a number of rows
(n), the number of pixels being (nxm), and driving the LCD
by multiple inversion of a column, row or pixel, whereby to
provide a reduced total fringe field effect to maintain con-
trast and a minimised flickering on display.

[0037] FIG. 1 shows a cross sectional view of a structure
of a passively driven LCD 1. Polarisers 2 are attached to the
outside of glass substrates 3. The inner surface (as viewed)
of each glass substrate 3 is coated with a conductive medium
preferably an Indium Tin Oxide (ITO) film 4 on which a
coating of a polyamide film 5 is applied for alignment of
liquid crystal molecules in a liquid crystal layer 6.

[0038] An enclosure between the glass substrates 3 is
formed by seals usually an epoxy seal 7 such as an epoxy
glue, a liquid crystal material being filled in the space so
formed. The structure of the LCD is symmetrical with
respect to the liquid crystal layer 6. The matrix addressing
protocol is then applied to the ITO coatings 4, which form
electrodes, for addressing individual pixel formation
obtained by the intersection of the ITO lines. Frame inver-
sion 1s adopted to avoid net DC applied to the LCD 1. Thus
FIG. 2 shows an example of a waveform 7 applied to the
common and segment ITO electrodes 4. A flickering effect
may still be observed owing to the fact that liquid crystal
material molecules are usually not perfectly non-polar. In
such a case, the flickering effect can be minimised by
adopting a high enough frame frequency. In some instances,
the arrangement of the LCD is not symmetrical.

[0039] FIG. 3 and FIG. 3A show an arrangement such
that underneath the polyamide coating a coating 8 of silicon
dioxide is applied for providing better electrical isolation
between the two ITO surfaces.

[0040] FIG. 4A to FIG. 4D show an LCD where a colour
filter material is applied, in FIG. 4A the colour filter material
being on the rear glass substrate, underneath the front glass
substrate or on or under the ITO layer, in each case the
colour filter material being indicated by numeral 9.

[0041] A further embodiment is shown in FIG. 5 and FIG.
5A where a reflective coating 10 is applied on or under the
ITO layer of the rear glass substrate 3. These different
additions, FIGS. 3-5A, result in a loss of symmetry of the
LCD that can result in imbalance of charge built up among
the substrates. This imbalance consequently results in a net
DC and a different effective signal wave-form in two con-
secutive frames, which tends to cause flickering. On the
other hand, flickering is also observed in an actively driven
LCD where imbalance of charge is caused by the presence
of a colour filter, and amorphous silicone TFT, polysilicone
TFT, or the like on one of the two glass substrates 3. In the
case of a reflective single crystal (CMOS) a micro-display,
one of the glass substrates is replaced by silicone die, or
substrate 11, causing an even higher degree of imbalance, as
shown in FIG. 6. To minimize this flickering caused by
imbalance of an effective signal wave-form, a row/column
inversion method is used for an actively driven LCD such
that the flickering effect is spatially averaged out to an extent
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that it is imperceptible, FIGS. 7, 8 and 9 respectively
showing the signal wave-form 12, 13, 14 incorporating row,
column and pixel inversion schemes or methods.

[0042] 1Ineach case there is a switching signal 50, the ITO
voltage being shown at 16.

[0043] Turning now to FIGS. 10, 11 and 12, there is
shown respectively the polarities 17, 18 and 19 of the
resulting fields applied to pixels for two consecutive frames
utilising row, column and pixel inversion methods or
schemes. In the top frame N in each case it can be seen that
in each matrix the polarity is reversed for the equivalent
frame N+1 on inversion. For passively driven LCDs, row
inversion can be utilised to minimise the perception of
flickering.

[0044] FIG. 13 shows a signal wave-form 20 incorporat-
ing row inversion, inversion occurring at the boundary line
between frame N and frame N+1. In these embodiments, the
inversion method embodying the invention results in
reduced contrast owing to a fringe field effect occurring at a
pixel boundary. This loss is relatively negligible when the
pixel size is not significantly small. However, in the case of
a miniature display (e.g. an amorphous silicon TFT, a
polysilicone TFT and reflective CMOS miniature display),
the loss of contrast can be severe and cannot be overlooked.

[0045] FIG. 14 shows 2 Director configurations 21 of two
pixels of 15 umx15 um driven in a column inversion
method.

[0046] Using the invention a multi-column/row Inversion
driving method greatly reduces a total fringe field effect on
display to maintain the contrast, whilst minimising percep-
tion of flickering. The number of inversions can be adjusted
to strike a balance between contrast and perceptibility of
flickering.

[0047] Thus FIG. 15 shows the wave-form 22 with an
n-row inversion where n=2, and where M is the number of
scan lines. If n=M, there is a conventional frame mversion
while if n=1, there is a single row inversion method. By
increasing n, a reduced fringing field effect is obtained with
an increase perceptibility of flickering. In FIG. 15 inversion
occurs at the boundary line between frame N and frame
N+1.

[0048] Likewise, and referring now to FIGS. 16, 17 and
18, they show respectively the resulting polarities of field
applied to pixels for multi-row, multi-column and multi-
pixel inversion for an actively driven LCD, as shown at 23,
24 and 25, in each embodiment, the polarity and frame then
being reversed in each pixel matrix at frame N+1.

[0049] FIGS. 19, 20 and 21 respectively show the respec-
tive driving wave-forms 26, 27 and 28 the I'TO voltage being
shown at 29 in each case and the switching signal at 30.

[0050] FIGS. 19-21 show inversion methods using two-
row, two-column and 2x2 pixel inversion methods. For a
method which is a multi-pixel inversion method, the build-
ing blocks can be of the order of mxn, where m and/or n are
greater than 1 for multi-pixel inversion methods.

EXAMPLE

[0051] In a reflective single crystal CMOS micro-display,
assuming a pixel size of 10 um, a single column inversion
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resulted in reduction of contrast by 30%. Reduction of
contrast is maintained below 5% by adopting a four column
inversion method, at the same time flickering being imper-
ceptible.

[0052] Thus using a method embodying the invention, a
method of driving an LCD by column/row/pixel inversion
methods provides for the flickering effect to be spatially
averaged out to an extent that it is imperceptible, and
contrast reduction is maintained to an acceptable level.
Stated in other words a method embodying the invention
greatly reduces total fringe field effect on a display to
maintain the contrast whilst minimising perception of flick-
ering. The number of inversions can be adjusted to strike a
balance between contrast and perceptibility of flickering.

I claim:
1. A method for driving an LCD, comprising the steps of:

(i) providing an LCD with a number of columns,
(ii) providing an LCD with a number of rows,
(iii) whereby to provide a number of pixels, and

(iv) driving the LCD by multiple inversion of one of a
column, row and pixel, whereby to provide a reduced
total fringe field effect to maintain contrast and a
minimised flickering on a display.

2. A method as defined in claim 1, wherein the multiple

inversions are adjustable.
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3. A method as defined in claim 1, wherein there is a
number of columns (m) which is any integer from two to the
number of scan lines and wherein there is a number of rows
(n) which is any integer from two to the number of column
lines.

4. A method as defined in claim 3, wherein there is an
(n)-row inversion applied to a passively and an actively
driven LCD, and wherein (n) is any integer from two to the
number of scan lines.

5. A method as defined in claim 3, wherein there is an
(m)-column inversion applied to an actively driven LCD,
(m) being any integer from two to the number of column
lines.

6. A method as defined in claim 3, wherein there is an
nxm-pixel inversion in an actively driven LCD, where (n) is
an integer from two to the number of scan lines and (m) is
an integer from two to the number of column lines.

7. A method as defined in claim 1, wherein said method
is applied to one of an actively driven miniature TFT LCD
and a reflective liquid crystal on silicon LCD.

8. A method as defined in claim 1, wherein there is
simultaneous inversion of one of a plurality of columns,
rows or pixels of an LCD.

9. A method as defined in claim 8, wherein said plurality
comprises two.
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