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(54) Liquid crystal display apparatus and method for driving the same

(57) The present invention provides a liquid crystal
display apparatus capable of reducing waving and
shadowing. The driving circuit portion in the liquid crys-
tal display apparatus according to the present invention
has a random number generating circuit 2, a display
data RAM 3, a display data RAM address decoder 7,
and a row driver 8. The random number generating cir-
cuit 2 generates random numbers for setting the scan-
ning order of the row electrodes. The row address
decoder 7 sets the scanning order on the row elec-

trodes. The column driver 6 supplies the video data of
all the column electrodes corresponding to the scanning
row electrode. The scanning order of the scanning lines
is set by the random numbers generated by the random
number generating circuit 2. Because of this, the scan-
ning order becomes random at each frame, and the
shadowing depending to the video data is reduced. Fur-
thermore, because the adjacent scanning lines are not
continuously scanned, the waving does not arise.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a liquid crys-
tal display apparatus of a simple matrix driving type,
which has a plurality of row electrodes (scanning lines)
and column electrodes (signal lines) arranged in matrix
form, and drives all of column electrodes during driving
one row electrode.

Related Background Art

[0002] In the liquid crystal display (LCD) apparatus
of the simple matrix driving type, there is a system scan-
ning the row electrodes arranged to a horizontal direc-
tion of a display screen line by line. On the LCD screen,
only one line is lighten in a moment. However, because
lightening is repeatedly carried out, an eye of human is
perceived so that all the screen is lightening.

[0003] On the other hand, when the LCD screen
becomes large and the number of the scanning lines
increases, if each row electrode is not scanned at high
speed, a flicker is likely visible. In order to reduce the
flicker, it is necessary to set the number of scanning
frame to more than 25 times per one minute. One frame
time, that is, a lightening time for one line is set by the
number of scanning frames per one minute. The more
the number of the scanning lines is, the shorter the light-
ening time is. The shorter the lightening time for one line
is, the lower the ratio of ON/OFF of the liquid crystal,
that is, a contrast ratio becomes; as a result, the more
the screen image is blurred.

[0004] By improvement of the liquid crystal mate-
rial, it is possible to compensate deterioration of the
contrast. However, undesirable problems such as shad-
owing and waving occurs, thereby deteriorating display
quality. The shadowing designates a phenomenon that
shadow emerges at non-lightening points, as shown in
Fig. 1. In order to reduce the shadowing, it is general to
detect turning point of the ON/OFF of the liquid crystal
and to apply a supplement voltage at the points. How-
ever, because a circuit for detecting the turning points of
the ON/OFF and a circuit for applying the supplement
voltage has to be added, the cost is up and mounting
area becomes necessary too much.

[0005] Next, the waving will be explained. The liquid
crystal has a characteristic that its properties deterio-
rate when the voltage is applied only to one direction.
Therefore, ordinarily, the polarity of the voltage applied
to the liquid crystal is periodically switched, and the volt-
age applied to the liquid crystal is controlled so as to
become plus minus zero. As a specific method of the
polarity inversion, there are a frame inversion that the
polarity inverts at each frame (each screen), and a dot
inversion that the polarity inverts at each dot.
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[0006] For example, in the case of the line inver-
sion, if the polarity inversion is carried out at every sub-
multiple pieces of all the horizontal lines, the polarity is
inverted by the same line at each frame. As a result, the
line showing change-over of the polarity is perceived.
[0007] On the other hand, in the case of the frame
inversion, as a property of CMOS transistor constituting
the driving circuit, penetrating current flows. Therefore,
the driving voltage goes down and the contrast changes
undesirably.

[0008] Because of this, in the liquid crystal display
apparatus of simple matrix driving type, the polarity is
switched at every prime factor pieces of lines, for exam-
ple, 13 or 17 pieces. When the polarity is switched at
every the prime factor pieces of lines, a least common
for the number of all lines becomes large, and the loca-
tion that the polarity of the driving voltage switches
changes at each frame. As a result, the line showing
change-over of the polarity is not perceived.

[0009] However, even if inverting the polarity at
every prime factor pieces of lines, there is a case that
the line to switch the polarity inversion is perceived so
that the wave flows. In order to reduce such a waving, it
is necessary to provide the horizontal lines more than
the number of the horizontal lines in the display area
and to prevent the occurrence of the wave by controlling
a surplus divided by a prime factor. Because of this, the
scanning control is complicated and a new circuit
becomes necessary.

SUMMARY OF THE INVENTION

[0010] The present invention has been developed
in consideration of the above-described respects, and a
object of the present invention is to provide a liquid crys-
tal display apparatus capable of reducing the shadow-
ing and the waving.

[0011] To attain the above-described object,
according to the present invention, there is provided a
liquid crystal display apparatus comprising:

a plurality of row electrodes and column electrodes
arranged in matrix form;

a row electrode driving circuit for driving each of
said row electrodes in random order; and

a column electrode driving circuit for driving each of
said column electrodes.

[0012] According to the present invention, because
each of the row electrodes is driven in random, it is pos-
sible to reduce the shadowing depending to the video
data. Furthermore, because the adjacent row elec-
trodes are not continuously scanned, the waving does
not occur and the display quality is improved.

[0013] In the present invention, if pattern strings
showing the scanning order of the row electrodes is
stored in the storing apparatus in advance, it is possible
to quickly decide the scanning order of the row elec-
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trodes and to surely drive each of the row electrodes
within a prescribed time, even if there are a lot of the row
electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 is a diagram explaining the shadowing.

Fig. 2 is a block diagram showing a first embodi-
ment of a liquid crystal display apparatus.

Fig. 3 is scanning order patterns stored in the non-
volatile memory.

Fig. 4A-4B is a diagram showing scanning order.
Fig. 5 is a block diagram showing the second
embodiment of a liquid crystal display apparatus.
Fig. 6 is a diagram showing a relationship between
the output of the address counter and the corre-
sponding data read out from the row electrodes.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0015] Preferred embodiments of the present inven-
tion will be described below with reference to the draw-
ings.

(First Embodiment)

[0016] Fig. 2 is a block diagram showing a first
embodiment of a liquid crystal display apparatus
according to the present invention. The liquid crystal
display apparatus of Fig. 2 has a module on which a lig-
uid crystal panel unit 1 and a portion of a driving circuit
are formed.

[0017] The driving circuit of the liquid crystal display
apparatus according to the present invention, as shown
in Fig. 2, has a random number generating circuit 2, a
video data RAM 3, a video RAM address decoder 4, a
data conversion circuit 5, a column driver 6, a row
address decoder 7, and a row driver 8.

[0018] The random number generating circuit 2
generates random numbers which is used to set scan-
ning order of the row electrodes L1-Ln. The random
number generated by the random number generating
circuit 2 does not need to be a complete random
number. the random number may be pseudo random
numbers constituted of pattern string with long period.
For example, the random number generating circuit 2
may be provided with a ROM for storing a plurality of
patterns showing the scanning order of the row elec-
trodes L1-Ln, and the scanning order may be set by
reading out the patterns showing the scanning order in
the ROM.

[0019] The video data RAM 3 is a RAM for storing
the video data. Because the scanning order changes
randomly, a frame buffer capable of storing the video
data for one screen is used.
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[0020] The video RAM address decoder 4 is a
decoder for selecting data stored in the video data RAM
3, and decodes addresses of the video data RAM 3 cor-
responding to the random number outputted from the
random number generating circuit 2.

[0021] The data conversion circuit 5 is constituted in
the same way as the conventional circuit, and carries
out a parallel/serial conversion of the video data in
accordance with the number of the input data bits of the
column driver 6.

[0022] The column driver 6 is constituted in the
same way as the conventional one, and supplies the
video data supplied from the data conversion circuit 5 to
each column line at a time.

[0023] The row address decoder 7 sets the scan-
ning order based on the random number outputted from
the random number generating circuit 2. Specifically,
the row address decoder 7 supplies to the row driver 8
a chip select signal of the row driver 8 constituted of a
plurality of chips and a signal showing the display output
order.

[0024] The row address decoder 8 becomes an
enable status by the chip select signal from the row
address decoder 7. The row driver 8 selects its output
terminal by a decoder in the row driver 8, based on a
signal showing the display output order from the row
address decoder 7, and then scans each of the row
lines L1-Ln based on the selected result.

[0025] Next, the operation of the liquid crystal dis-
play apparatus showing in Fig. 2 will be explained. The
following is an example of having a nonvolatile memory
such as ROM or RAM for storing a plurality of types of
the scanning order patterns. The scanning order pat-
terns stored in the nonvolatile memory, for example, as
shown in Fig. 3, are constituted of pattern strings with
the same number as that of the row electrodes L1-Ln.
The numeral of Fig. 3 shows the numeral of the row
electrodes. In the nonvolatile memory, a lot of patterns
as shown in Fig. 3 is stored. These patterns are consti-
tuted of numeral strings close to the random number so
that the scanning order of the row electrodes L1-Ln
does not coincide at each frame.

[0026] The random number generating circuit 2
repeatedly reads out the patterns showing the scanning
order stored in the nonvolatile memory. When the pat-
terns are repeatedly read out, the random number gen-
erating circuit 2 outputs the same pattern at every
prescribed period. When many patterns are stored in
the nonvolatile memory, there is few frequency to read
out the same pattern. As a result, the same advanta-
geous effect as that by outputting the random number is
obtained.

[0027] The patterns showing the scanning order
outputted from the random number generating circuit 2
is inputted to the video data RAM address decoder 4
and the row address decoder 7. The video data RAM
address decoder 4 selects addresses of the video data
corresponding to the scanning row electrodes based on
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the pattern showing the scanning order, and supplies
the selected address to the video data RAM 3. The
video data RAM 3 outputs the video data in accordance
with the scanning row electrodes. The video data read
out from the video data RAM 3 is converted from paral-
lel data to serial data, and then supplied to the column
driver 6. The column driver 6 supplies these video data
to each of the column electrodes C1-Cm at the same
timing.

[0028] On the other hand, the row address decoder
7 sets the scanning order of the row electrodes L1-Ln,
based on the patters showing the scanning order out-
putted from the random number generating circuit 2.
The row driver 8 drives each of the row electrodes L1-Ln
in accordance with the order the row address decoder 7
sets.

[0029] Accordingly, in a certain frame, for example,
the scan is carried out in an order showing in Fig. 4A,
and in the next frame , so that the scanning order is dif-
ferent from the previous frame , the scan is carried out
in an order showing in Fig. 4B. The numerals of Fig. 4A
and 4B expresses the scanning order.

[0030] Thus, the first embodiment sets the scan-
ning order of the scanning lines in accordance with the
random numbers generated by the random number
generating circuit 2. Because of this, the scanning order
becomes random at every frame, and the shadowing
depending to the video data is reduced. That is, even
when displaying the image that the shadowing is sub-
ject to happen, the occurrence of the shadowing is pre-
vented.

[0031] Furthermore, because the adjacent scan-
ning lines are scanned continuously, the waving does
not happen and the display quality is improved.

[0032] Because the patterns showing the scanning
order are stored in advance in the random number gen-
erating circuit 2, it is possible to quickly decide the scan-
ning order. Accordingly, even when there are many row
electrodes, it is possible to drive all the row electrodes
within a prescribed time. Furthermore, it is possible to
use the conventional data conversion circuit 5 and col-
umn driver 6 as it is, thereby cutting cost for design
change.

(Second Embodiment)

[0033] A second embodiment has a feature that a
ROM is used as the random number generating circuit.
[0034] Fig. 5 is a block diagram showing the second
embodiment of a liquid crystal display apparatus
according to the present invention. In Fig. 5, the constit-
uents common to those of Fig. 1 are denoted with the
same reference numerals, and mainly the different
respects will be described hereinafter.

[0035] The liquid crystal display apparatus of Fig. 5
has an address counter 11 and the random data ROM
12, instead of the display data RAM address decoder.
[0036] The address counter 11 outputs read-out
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addresses of the random data ROM 12. Specifically, the
address incremented one by one is outputted.

[0037] In the inside of the random data ROM 12, the
random data showing the order scanning the row elec-
trodes is stored. Fig. 6 is a diagram showing a relation-
ship between the output of the address counter 11 and
the corresponding data read out from the row elec-
trodes, and shows an example having 240 pieces of the
row electrodes. As shown in Fig. 6, when the address
increments one by one, the random data is outputted
from the random data ROM 12.

[0038] Data read out from the random data ROM 12
is transferred to the row address decoder 7 and the
video data RAM 3. The row address decoder 7 decides
the scanning order of the row electrodes based on data
read out from the random data ROM 12. The video data
RAM 3 decides the order to read out the video data.
[0039] The column driver 6 drives all the column
electrodes at the same timing, based on the video data
read out from the video data RAM 3.

[0040] Furthermore, the random data ROM 12 of
Fig. 5 is applicable to any nonvolatile memory such as
mask ROM, EPROM, EEPROM, and FRAM.

[0041] In the above-mentioned second embodi-
ment, examples providing the ROM for storing the pat-
terns showing the scanning order in the random number
generating circuit 2 have been explained. The patterns
showing the scanning order may be stored in the RAM,
and the patterns showing the scanning order may be
programmably changed.

[0042] Qtherwise, instead of storing the patterns
showing the scanning order in advance, the random
numbers may be calculated and the scanning order may
be set at each scanning of the scanning lines.

Claims
1. Aliquid crystal display apparatus comprising:

a plurality of row electrodes and column elec-
trodes arranged in matrix form;

a row electrode driving circuit for driving each
of said row electrodes in random order; and

a column electrode driving circuit for driving
each of said column electrodes.

2. Aliquid crystal display apparatus according to claim
1,

said column electrode driving circuit drives all
of the column electrodes while said row elec-
trode driving circuit drives one row electrode.

3. Aliquid crystal display apparatus according to claim
1, further comprising a random data output circuit
for outputting random data,

wherein said row electrode driving circuit
decides driving order of said row electrodes based
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on said random data.

A liquid crystal display apparatus according to claim
3,

wherein said random data is any among ran-
dom numbers, pseudo random numbers, and data
with a long period.

A liquid crystal display apparatus according to claim
3, further comprising:

a video memory for storing video data; and

a video address decoder for deciding order to
read out said video memory,

wherein said column electrode driving circuit
drives all of said column electrodes at the same
timing, based on the video data read out from
said video memory in accordance with the
decided read-out order.

A liquid crystal display apparatus according to claim
3,

wherein said random data output circuit has
a storing apparatus for storing a plurality of pattern
strings showing the order for driving said row elec-
trodes, and an address generating apparatus for
outputting addresses to read out the pattern strings
stored in said storing apparatus.

A liquid crystal display apparatus according to claim
6,

wherein said row electrode driving circuit
reads out the pattern strings stored in said storing
apparatus, and decides the order for driving said
row electrodes, based on each of the read-out pat-
tern strings.

A liquid crystal display apparatus according to claim
7,

wherein said row electrode driving circuit
and said column electrode driving circuit allow the
polarity of voltage applied to both of said row elec-
trodes and said column electrodes at every multiple
row electrodes to invert, and said random data out-
put circuit sets a type of said pattern strings for stor-
ing in said storing apparatus.

A liquid crystal display apparatus according to claim
6,

wherein said storing apparatus is a read-
only memory.

A liquid crystal display apparatus according to claim
9,

wherein said storing apparatus is any among
mask ROM, EPROM, EEPROM and FRAM.

A liquid crystal display apparatus according to claim
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6,
wherein said storing apparatus is a readable
and writable memory.

12. A method for driving a liquid crystal display appara-
tus comprising a plurality of row electrodes and col-
umn electrodes arranged in matrix form, a row
electrode driving circuit for driving each of said row
electrodes, and a column electrodes for driving
each of said column electrodes,

wherein said row electrodes are driven in
random order, respectively.

13. A method for driving a liquid crystal display appara-
tus according to claim 12,
wherein said column electrode driving circuit
drives all the column electrodes while said row
electrode driving circuit drives one row electrode.

14. A method for driving a liquid crystal display appara-
tus according to claim 12,
wherein said row electrode driving circuit
decides the order for driving said row electrodes,
based on random data outputted from a random
data output circuit.

15. A method for driving a liquid crystal display appara-
tus according to claim 14,
wherein said random data is any among ran-
dom numbers, pseudo random numbers, and data
for long period.

16. A method for driving a liquid crystal display appara-
tus according to claim 12, comprising step of decid-
ing read-out order of the video memory for storing
video data,

wherein said column electrode driving circuit
drives all of said column electrodes at the same tim-
ing, based on the video data read out from said
video memory in accordance with the decided
read-out order.

17. A method for driving a liquid crystal display appara-
tus according to claim 16,

said step of deciding read-out order of the
video memory has further the steps of:

storing a plurality of pattern strings showing the
order for driving said row electrodes; and
outputting addresses for reading out the pat-
tern strings stored in said storing apparatus.

18. A method for driving a liquid crystal display appara-
tus according to claim 17,

said row electrode driving circuit repeatedly
reads out the pattern strings stored in said stor-
ing apparatus in order, and decides the order
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for driving said row electrodes based on each
of the read-out pattern strings.

19. A method for driving a liquid crystal display appara-
tus according to claim 12,
wherein said row electrode driving circuit
and said column electrode driving circuit allow
polarity of voltage applying to said row electrodes
and said column electrodes to invert at every multi-
ple row electrodes, and said random data output
circuit sets a type of said pattern strings for storing
in said storing apparatus, so that line showing
polarity inversion is not perceived.
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