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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to a liquid crystal display
apparatus, and a driving circuit and driving method there-
of, particularly, relates to an active matrix liquid crystal
display apparatus, and a driving circuit and driving meth-
od thereof. The features of the preamble of the independ-
ent claims are known from US 6,278,426 B1. Related
technologies are also known from US 6,456,267 B1, US
6,331,844 B1, EP 1 622 259 A1, US 2001/0030704 A1,
and US 2003/0001632 A1.

Description of the Related Art

[0002] Recently, aliquid crystal on silicon (LCOS) type
liquid crystal display apparatus has been commonly used
in a projector and a projection television (TV) as a major
component for projecting an image on a screen.

[0003] The LCOS type liquid crystal display apparatus
is formed in a structure of layering with a transparent
electrode, a liquid crystal layer, a reflection electrode dis-
posed in matrix, and a liquid crystal driving element
formed with a liquid crystal driving circuit on a silicon cir-
cuit board.

[0004] FIG.22(a)is one example of afundamental con-
stitutional diagram of a liquid crystal driving element used
in a conventional liquid crystal display apparatus accord-
ing to the prior art.

[0005] FIG. 22(b) is a partially enlarged block diagram
of the liquid crystal driving element showing an elliptical
area "Z"in FIG. 22(a).

[0006] FIG. 23 is one exemplary block diagram of a
liquid crystal element constituting a pixel of a convention-
al liquid crystal display apparatus according to the prior
art.

[0007] Theliquid crystal driving element shown in FIG.
22(a) is composed of a horizontal driver circuit 310, a
vertical driver circuit 320, a horizontal signal line 305 that
supplies an image signal 71 inputted externally to each
of video switches S301-1, S301-2 and S301-3 (herein-
after generically referred to as video switch S301), a pixel
section 330, data lines 306-1, 306-2 and 306-3 (herein-
after generically referred to as data line 306), a common
electrode line 307, and gate lines 308-1, 308-2 and 308-3
(hereinafter generically referred to as gate line 308),
wherein a reference sign 375 denotes a pixel selection
driving section. In FIG. 22(a), a suffix number succeeding
a hyphenated reference sign such as 301-1 and 301-2
exhibits the same component but they are arranged in
different sections.

[0008] Further, FIG. 22(a) shows a part of the liquid
crystal driving element.

[0009] The pixel section 330 is further composed of a
plurality of pixels 11-13, 21-23 and 31-33, which is dis-
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posed at each intersection of each data line and each
gate line respectively. As shown in FIG. 22(b), each pixel
is composed of a pixel selection transistor 302, a signal
holding capacitor 303 and a reflection electrode 304 re-
spectively. In the case of the liquid crystal driving element
shown in FIG. 23, each pixel is composed of a pixel se-
lection transistor "Q", a signal holding capacitor Cs and
areflection electrode PE respectively. A gate and a drain
terminals of the pixel selection transistor 302 or "Q" is
connected to the gate line 308 or "G" that functions as a
line scanning line and the data line 306 or "D" respec-
tively.

[0010] Further, as shown in FIG. 23, a liquid crystal
element is composed of the reflection electrode or pixel
driving electrode PE (hereinafter generically referred to
as pixel driving electrode PE), an opposed electrode or
common electrode CE (hereinafter generically referred
to as common electrode CE) that confronts with the pixel
driving electrode PE and a liquid crystal displaying sub-
stance or liquid crystal layer LCM (hereinafter generically
referred to as liquid crystal layer LCM) that is sandwiched
between the pixel driving electrode PE and the common
electrode CE.

[0011] In FIG. 22(a), a controller 360 provides various
kinds of clock signals, which are generated so as to syn-
chronize with the image signal 71, to the horizontal driver
circuit 310 and the vertical driver circuit 320 respectively.
However, a providing route of the clock signals is not
shown in FIG. 22(a).

[0012] Further, by driving the data line 306 and the
gate line 308 in synchronism with the image signal 71,
the controller 360 conducts pixel selection involving each
scanning in horizontal and vertical directions.

[0013] When one pixel disposed at an intersection of
the data line 306 and the gate line 308 is selected as
mentioned above, the image signal 71 inputted externally
is written into the signal holding capacitor 303 by way of
the video switch S301, the data line 306 and the pixel
selection transistor 302 in the vertical direction disposed
in each pixel. Then, the liquid crystal layer LCM is driven
by the pixel driving electrode 304 thatis connected to the
signal holding capacitor 303.

[0014] By applying a fixed voltage Vcom to the com-
mon electrode CE and supplying various voltages in re-
sponse to an image signal to the pixel driving electrode
PE, the liquid crystal element shown in FIG. 23 controls
percentage modulation of light of the liquid crystal layer
LCM and displays as an image. Generally, an AC (alter-
nate current) driving method results in improving reliabil-
ity of a liquid crystal element in longer stability. Conse-
quently, an AC driving method is conducted to the liquid
crystal element shown in FIG. 23 by applying positive
and negative voltages, which make percentage modula-
tion of light equal in response to an image signal, alter-
nately to the pixel driving electrode PE.

[0015] Insome cases, avoltage ofacommon electrode
is changed in synchronism with timing of driving a pixel
driving electrode by positive and negative voltages for
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the purpose of reducing a dynamic range of an image
signal. However, basic concept is the same.

[0016] In the case of the liquid crystal driving element
such as one example shown in FIG. 22(a), writing an
image signal into each pixel is generally conducted once
a frame. In other words, by writing positive and negative
image signals into the signal holding capacitor 303 or Cs
alternately per one frame, the liquid crystal is driven by
AC.

[0017] In addition, there exists a double speed driving
method, wherein liquid crystal is driven by a frequency
double the writing frequency mentioned above. In this
case, the driving frequency is such that two times the
writing frequency 60 Hz equals 120 Hz. In any cases, the
driving frequency is not so high.

[0018] Writing an image signal into the signal holding
capacitor 303 or Csis conducted by charging or discharg-
ing the signal holding capacitor 303 or Cs in relation to
parasitic capacitance between ON resistance of the vid-
eo switch S301 and the data line 306 or parasitic capac-
itance between ON resistance of the pixel selecting tran-
sistor 302 or "Q" and the signal holding capacitor 303 or
Cs. Consequently, increasing the writing frequency more
is not easy in consideration of element cost.

[0019] On the other hand, in the case of a liquid crystal
element, if a DC (direct current) component passing
across the pixel driving electrode 304 or PE and the com-
mon electrode CE enabled to reduce to zero by driving
the liquid crystal by a higher frequency, reliability of the
liquid crystal display apparatus is improved in preventing
from burn-in, and resulted in improving quality of display-
ing an image.

[0020] Various methods of preventing a written-in sig-
nal component from deteriorating have been disclosed
until now. The Japanese publication of unexamined pat-
ent application No. 2006-10897 disclosed the counter-
measure for reducing influence on feed-through caused
by parasitical capacitance of a pixel selection transistor.
[0021] Further, the Japanese publication of unexam-
ined patent application No. 2002-250938 disclosed the
countermeasure for reducing leak current of a signal
holding capacitor. However, a method of driving liquid
crystal by higher frequency has not been studied.
[0022] In addition, the Japanese publication of unex-
amined patent application No. 2004-354742 disclosed
the liquid crystal display that prevented image quality
from deteriorating. According to the publication, the liquid
crystal display apparatus is prevented from the genera-
tion of deterioration of image quality caused by potential
variation of acommon electrode line and a common elec-
trode by alternately connecting storage capacitance of
respective pixels provided at the same scanning line to
a storage capacitanceline corresponding to the scanning
line and another storage capacitance line adjacent to the
scanning line every fixed plural pieces of storage capac-
itance and reversing polarities of compensation voltage
at every storage capacitance line.

[0023] As mentioned above, itis preferable thataliquid
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crystal element is driven by a higher frequency in order
to improve reliability such as preventing a liquid crystal
display from burn-in. However, it is rather difficult to write
positive and negative image signals against a common
electrode voltage alternately in higher speed due to re-
striction of writing time with respect to a pixel.

[0024] Accordingly, a frequency of the AC driving
method has been fixed to a frame rate or two times the
frame rate.

[0025] Further, in the case of the liquid crystal display
disclosed in the Japanese publication of unexamined pat-
ent application No. 2004-354742, there exists a problem
such that polarity of the compensating voltage can be
reversed at each frame.

[0026] Furthermore, there exist another problem such
that an image signal voltage requires two types of volt-
ages, positive and negative voltages with respect to the
voltage Vcom of the common electrode.

SUMMARY OF THE INVENTION

[0027] Accordingly, in consideration of the above-men-
tioned problems of the prior arts, an object of the present
invention is to provide a liquid crystal display apparatus,
and a driver circuit and a driving method thereof, which
enables to drive liquid crystal in higher speed than ever
by an AC (alternate current) driving method and improve
allowable degree of variation of liquid crystal and produc-
tivity of the liquid crystal display apparatus by applying
two types of voltages corresponding to positive and neg-
ative polarity and reversing polarity of the voltages at a
rate of tens times a frame frequency in an analog driving
type liquid crystal display apparatus.

[0028] Inordertoachieve the above object, the present
invention provides, according to an aspect thereof, a lig-
uid crystal display apparatus, as defined in the independ-
ent apparatus claim.

[0029] There provided a data line driving circuit of a
liquid crystal display apparatus comprising: a shift regis-
ter circuit sequentially storing a digital image signal that
is plural bits of pixel data synthesized in time sequence-
wise; a latch circuit storing one line of digital image sig-
nals to be sequentially stored in the shift register circuit
for one horizontal scanning period; a gradation counter
outputting reference gradation data in which a plurality
of gradation values sequentially changes in the horizontal
scanning period; a comparator generating a coincident
pulse when a value of one line of the pixel data outputted
from the latch circuit coincides with a gradation value of
the reference gradation data outputted from the gradation
counter after comparing both values; a reference voltage
generator circuit generating a first reference voltage that
is a periodical sweep signal changing in a direction of
increasing a level of an image from a black level to a
white level in the horizontal scanning period or in a di-
rection of decreasing the level from a white level to a
black levelin the horizontal scanning period and a second
reference voltage that is a periodic sweep signal having
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a reverse relation to the first reference voltage with re-
spect to a prescribed potential; and a plurality of analog
switches provided on each pair of data lines in a pixel
disposed in the same row out of plural pairs of gate lines
connected to each intersection of a plurality of pixels and
a plurality of gate lines, sampling the first and second
reference voltages respectively on the basis of the coin-
cide pulse, and generating a driving signal having a level
corresponding to generation timing of the coincide pulse,
and then outputting the driving signal; the dataline driving
circuit characterized in that the first reference voltage is
commonly inputted into each first input terminals of the
plurality of analog switches and the second reference
voltage is commonly inputted into each second input ter-
minals of the plurality of analog switches, and that the
plurality of analog switches outputs a first driving signal
obtained by sampling the first reference voltage on the
basis of the coincide pulse with respect to one data line
of each pair of data lines provided to corresponding input
terminals, at the same time outputs a second driving sig-
nal obtained by sampling the second reference voltage
on the basis of the coincide pulse with respect to the
other data line.

[0030] According to further aspect of the present in-
vention, there provided a driving method of a liquid crystal
display apparatus, as defined in the independent method
claim.

[0031] Other object and further features of the present
invention will be apparent from the following detailed de-
scription when read in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a block diagram of a pixel circuit in a liquid
crystal display apparatus according to a first embod-
iment of the present invention.

FIG. 2 is a fundamental constitutional drawing of a
liquid crystal driving element adopting the pixel cir-
cuit shown in FIG. 1 according to the first embodi-
ment of the present invention.

FIG. 3 is a detailed block diagram of the pixel circuit
shown in FIG. 1.

FIG. 4 is a detailed block diagram of a pixel circuit
in a liquid crystal display apparatus according to a
first illustrative example of the present invention.
FIG. 5 is a block diagram of a pixel circuit in a liquid
crystal display apparatus according to a second il-
lustrative example of the present invention.

FIG. 6 is a block diagram of a major part of a liquid
crystal display apparatus adopting the pixel circuit
shown in FIG. 5 according to the second illustrative
example of the present invention.

FIGs. 7(a)-7(g) are timing charts explaining an out-
line of AC (alternate current) driving control of the
present invention.
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FIG. 8 is a drawing exhibiting relation between a
black level and a white level of positive and negative
polarity image signals to be written in a pixel the liquid
crystal display apparatus according to an embodi-
ment of the present invention.

FIG. 9 is a constitutional drawing of a major part of
the liquid crystal display apparatus according to a
second embodiment of the present invention.

FIGs. 10(a)-10(m) are timing charts of signals at
each section shown in FIG. 9.

FIGs. 11(a1) - 11(e2)) are timing charts exhibiting
one example of optimizing relative timing control of
switching polarity of a pixel driving electrode and a
common electrode in the liquid crystal display appa-
ratus according to a third embodiment of the present
invention.

FIG. 12 is a block diagram of a timing generator cir-
cuit for realizing timing control shown in FIGs. 11(a1)
- 11(e2) according to the third embodiment of the
present invention.

FIGs. 13(a)-13(h) are timing charts exhibiting timing
control of synchronizing operation between writing
an image signal and switching polarity of a pixel in
the liquid crystal display apparatus according to a
fourth embodiment of the present invention.

FIG. 14 is a block diagram of a timing control circuit
for synchronous control between write-in timing of
an image signal and switching timing of polarity of a
pixel exhibited in FIGs. 13(a)-13(h) according to the
fourth embodiment of the present invention.

FIGs. 15(a)-15(h) are timing charts exhibiting an em-
bodiment of driving control for reversing polarity of
switching polarity of a pixel at a point of scanning
with respect to each scanning line at each vertical
scanning period according to a fifth embodiment of
the present invention.

FIG. 16 is a block diagram of a timing control circuit
for controlling operation timing shown in FIGs. 15(a)-
15(h) according to the fifth embodiment of the
present invention.

FIG. 17 is an entire constitutional diagram of a liquid
crystal display apparatus according to a sixth em-
bodiment of the present invention.

FIG. 18 is ablock diagram of a horizontal driver circuit
shown in FIG. 17.

FIGs. 19(a)-19(j) are timing charts for explaining op-
erations of the liquid crystal display apparatus shown
in FIGs. 17 and 18.

FIG. 20 is a block diagram of another horizontal driv-
er circuit of the liquid crystal display apparatus ac-
cording to a seventh embodiment of the present in-
vention.

FIG. 21 is a constitutional diagram of supplying a
reference voltage to a horizontal driver circuit in the
liquid crystal display apparatus according to a eight
embodiment of the present invention.

FIG. 22(a) is one example of a fundamental consti-
tutional diagram of a liquid crystal driving element
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used in a conventional liquid crystal display appara-
tus according tot the prior art.

FIG. 22(b) is a partially enlarged block diagram of
the liquid crystal driving element showing an elliptical
area "Z"in FIG. 22(a).

FIG. 23 is one exemplary block diagram of a liquid
crystal element constituting a pixel of a conventional
liquid crystal display apparatus according to the prior
art.

DETAILED DESCRIPTION OF THE INVENTION

[First Embodiment]

[0033] Inreference to FIGs. 1-3, a pixel circuit used in
a liquid crystal display apparatus according to a first em-
bodiment of the present invention is described in detail.
[0034] FIG. 1 is a block diagram of a pixel circuit in a
liquid crystal display apparatus according to a first em-
bodiment of the present invention.

[0035] FIG. 2 is a fundamental constitutional drawing
ofaliquid crystal driving element adopting the pixel circuit
shown in FIG. 1 according to the first embodiment of the
present invention.

[0036] FIG. 3 is a detailed block diagram of the pixel
circuit shown in FIG. 1.

[0037] InFIGs.1and 2, asame reference signis given
to a same component.

[0038] Each pixel disposed in a liquid crystal display
apparatus according to the present invention is com-
posed of a pixel circuit shown in FIG. 1. As shown in FIG.
1, the pixel circuitis composed of two pixel selection tran-
sistors Q1 and Q2, two holding capacitors C1 and C2,
two buffer amplifiers A1 and A2, a holding capacitor C3,
two switches S1 and S2 and a reflection electrode (here-
inafter referred to as pixel driving electrode) 4. Each drain
terminal of the pixel selection transistors Q1 and Q2 is
connected to data lines 6-1a and 6-1b respectively. Each
gate terminal of the pixel selection transistor Q1 and Q2
is connected to a gate line 8-1. Each one terminal of the
holding capacitors C1 and C2 is connected to a source
terminal of the pixel selection transistors Q1 and Q2 re-
spectively. Each of the other terminals of the holding ca-
pacitors C1 and C2 is connected to a common electrode
line 7 respectively. Each input terminal of the buffer am-
plifiers A1 and A2 is connected to each connecting point
between each drain terminal of the pixel selection tran-
sistors Q1 and Q2 and each one terminal of the holding
capacitors C1 and C2 respectively. Each one terminal of
the switches S1 and S2 is connected to each output ter-
minal of the buffer amplifiers A1 and A2 respectively. One
terminal of the holding capacitor C3 is connected to a
common connecting point of the other terminals of the
switches S 1 and S2 and the other terminal of the holding
capacitor C3 is connected to the common electrode line
7. The pixel driving electrode 4 is connected to the one
terminal of the holding capacitor C3.

[0039] Further, a liquid crystal element including the

10

15

20

25

30

35

40

45

50

55

pixel driving electrode 4 according to the first embodi-
ment of the present invention is such a liquid crystal el-
ement having commonly known configuration as shown
in FIG. 23.

[0040] More specifically, the liquid crystal element of
the present invention is formed in a structure composed
of the pixel driving electrode 4 corresponding to the pixel
driving electrode PE and a liquid crystal displaying sub-
stance or liquid crystal layer LCM that is sandwiched be-
tween the pixel driving electrode PE and an opposed
electrode or common electrode CE that confronts with
the pixel driving electrode PE.

[0041] A fundamental configuration of a liquid crystal
driving element according to the first embodiment of the
present invention is shown in FIG. 2. The configuration
is basically similar to that of the prior art shown in FIG.
22(a). However, in the case of the present invention, as
shown in FIG. 2, a horizontal signal line, a data line and
a switch are provided in two systems respectively.
[0042] More specifically, the liquid crystal driving ele-
ment according to the first embodiment of the present
invention is composed of a horizontal driver circuit 10, a
vertical driver circuit 20, a pixel section 30, a controller
60 and two systems of horizontal sampling switches
(S1-1a)-(S1-1b) and (S1-2a) - (S1-2b). The pixel section
30 is composed of a plurality of pixel circuits 41, 42, 51,
and 52.

[0043] Further, the liquid crystal element is composed
of two systems of horizontal signal lines 5a and 5b, two
systems of data lines (6-1a) - (6-2a) and (6-1 b) - (6-2b),
a common electrode line 7, and gate lines 8-1 and 8-2.
The horizontal signal lines 5a and 5b supply positive side
of an image signal with respect to a voltage of a common
electrode (hereinafter referred to as positive image signal
71a) and a negative side of the image signal with respect
to the voltage of the common electrode (hereinafter re-
ferred to as negative image signal 71b) to the horizontal
sampling switches (S1-1a) - (S1-2a) and (S1-1b) -
(S1-2b) respectively.

[0044] Furthermore, in FIG. 2, a suffix number suc-
ceeding a hyphenated reference sign such as 8-1 and
8-2 exhibits the same component but they are arranged
in different sections.

[0045] More, an alphabetic small letter succeeding a
suffix number exhibits such that the letter "a" denotes a
first system out of two systems and the letter "b" denotes
a second system.

[0046] Moreover, FIG. 2 shows a part of entire config-
uration of the liquid crystal driving element.

[0047] The pixel section 30 is composed of a plurality
of pixels 41, 42, 51 and 52, which is disposed in matrix
at each intersection of each of the two systems of data
lines 6-1a - 6-2a and 6-1b - 6-2b and each gate lines 8-1
and 8-2 respectively. Each of the pixels 41, 42, 51 and
52 is composed of the same configuration as shown in
FIG. 1.

[0048] Further, the horizontal driver circuit 10 is con-
nected to each drain terminal of the pixel selection tran-
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sistors Q1 and Q2 of the pixels 41 and 51 disposed in
the first row of the pixel section 30 respectively through
the two systems of the horizontal sampling switches
S1-1a and S1-1b and the two systems of the data lines
6-1a and 6-1b.

[0049] Furthermore, similarly to the first row of the pix-
els 41 and 51 mentioned above, the horizontal driver cir-
cuit 10 is also connected to each drain terminal of the
pixel selection transistors Q1 and Q2 of the pixels 42 and
52 disposed in the second row of the pixel section 30
respectively through the two systems of the horizontal
sampling switches S1-2a and S1-2b and the two systems
of the data lines 6-2a and 6-2b.

[0050] On the other hand, the vertical driver circuit 20
is commonly connected to each gate terminal of the pixel
selection transistors Q1 and Q2 of the pixels 41 and 42
disposed in the first line of the pixel section 30 respec-
tively through the gate line 8-1. Similarly to the first line
of the pixel section 30, the vertical driver circuit 20 is
commonly connected to each gate terminal of each pixel
selection transistor of each pixel disposed in the same
line of the pixel section 30 respectively through respec-
tive gate line.

[0051] Further, the controller 60 provides various clock
signals, which are generated so as to synchronize with
the input image signals 71a and 71b, to the horizontal
driver circuit 10 and the vertical driver circuit 20 respec-
tively. However, providing routes of the clock signals are
not shown in FIG. 2.

[0052] Furthermore, by driving the data lines 6-1a,
6-1b, 6-2a and 6-2b and the gate lines 8-1 and 8-2 re-
spectively in synchronism with the input image signals
71a and 71b, the controller 60 conducts pixel selection
with accompanying each scanning in the horizontal and
vertical directions.

[0053] Accordingly, the liquid crystal display apparatus
according to the embodiment of the present invention
enables to conduct AC (alternate current) driving in high-
er speed with respect to the liquid crystal.

[0054] Operations of the pixel circuit shown in FIG. 1
according to the firstembodiment of the present invention
are described in detail next.

[0055] The data line 6-1a supplies the positive image
signal 71a to the image selection transistor Q1. At the
same time, the data line 6-1b supplies the negative image
signal 71b to the image selection transistor Q2. The im-
age selection transistors Q 1 and Q2 are simultaneously
switched ON by a voltage supplied to the gate terminals
through the gate line 8-1. When the image selection tran-
sistors is switched ON, the positive image signal 71a sup-
plied through the data line 6-1a is written in the holding
capacitor C1 through the drain and source terminals of
the image selection transistor Q1.

[0056] On the other hand, the negative image signal
71b supplied through the data line 6-1b is written in the
holding capacitor C2 through the drain and source ter-
minals of the image selection transistor Q2 at the same
time the positive image signal is written in the holding
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capacitor C1.

[0057] Succeedingly, the image selection transistors
Q1and Q2 are simultaneously switched OFF by a voltage
supplied to the gate terminals of image selection transis-
tors Q1 and Q2 through the gate line 8-1. Consequently,
the positive and negative image signals 71a and 71b are
kept holding in the holding capacitors C1 and C2 respec-
tively until next image signals 71 a and 71b are written
in the holding capacitors C1 and C2 when the image se-
lection transistors Q1 and Q2 are switched ON in the next.
[0058] The positive and negative image signals 71a
and 71b respectively held in the holding capacitors C1
and C2 are read out through the buffer amplifiers A1 and
A2, which are impedance converters having high input
resistance, respectively and selected by the switches S1
and S2 alternately. Then the liquid crystal is made to be
driven by AC with changing a voltage of the pixel driving
electrode 4.

[0059] By the above-mentioned pixel configuration,
once the positive and negative image signals 71a and
71b have been written in the holding capacitors C1 and
C2 on the basis of one time per one frame, the liquid
crystal enables to be driven by an AC driving method by
alternately switching the switches S1 and S2 any number
of times during one frame period until an image signal in
a next frame is written in.

[0060] In other words, by the pixel circuit according to
the first embodiment of the present invention, the liquid
crystal enables to be driven by the AC driving method at
a high frequency such as tens times the frame frequency
independently of a write-in period of an image signal.
Consequently, the pixel circuit according to the first em-
bodiment of the present invention makes an effect on
such as preventing a liquid crystal display apparatus from
burn-in, improving reliability and improving displaying
quality for hiding speck and unevenness.

[0061] Further, the pixel circuit according to the first
embodiment of the present invention enables to change
a voltage of the common electrode of the liquid crystal
display apparatus in synchronism with reversing polarity.
Consequently, a voltage of an image signal enables to
be reduced to half the conventional voltage or less.
[0062] Furthermore, according to the first embodiment
of the present invention, one pixel includes two image
selection transistors Q1 and Q2, two buffer amplifiers A1
and A2, two switches S1 and S2 and two holding capac-
itors C1 and C2, so that a number of elements in one
pixelisrelatively large. However, the liquid crystal display
apparatus according to the first embodiment of the
present invention enables to be manufactured by using
the standard CMOS (Complimentary Metal Oxide Sem-
iconductor) manufacturing process. Consequently, in-
creasing a number of elements does not exactly result
in increasing manufacturing cost.

[0063] Onthe other hand, each pixel contains the buff-
eramplifiers A1 and A2. In case DC currentis kept flowing
the buffer amplifiers A1 and A2 continuously even though
it is small current, adverse affection such as increasing
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power consumption and heat emission may be arise be-
cause a liquid crystal driving element normally contains
more than one million pixels in total.

[0064] A pulse driving method is effective for prevent-
ing such an adverse affection. The pulse driving method
makes the buffer amplifiers A1 and A2 and the switches
S1 and S2 to be enable during a period necessary for
reading out an image signal. The holding capacitor C3
is provided for conducting the pulse driving method. An
image signal is written in the holding capacitor C3 through
the switches S1 and S2 during an enable period while
the switches S1 and S2 are switched ON. When the
switches S1 and S2 are switched OFF, the image signal
written in the holding capacitor C3 is kept holding while
the liquid crystal is driven. Consequently, the liquid crys-
tal enables to be driven by the AC driving method in a
higher frequency than the conventional frequency while
power consumption is suppressed in increasing.

[0065] Accordingly, the liquid crystal display apparatus
of the present invention enables to realize the above-
mentioned effects.

[0066] FIG. 3 is a detailed block diagram of the pixel
circuit shown in FIG. 1. As shown in FIG. 3, one pixel
circuit in the liquid crystal display apparatus according to
the first embodiment of the present invention is com-
posed of two pixel selection transistors Q1 and Q2 for
writing positive and negative image signals, two holding
capacitors Cs1 and Cs2 for holding an image signal in
respective polarity that correspond to the holding capac-
itors C1 and C2 in FIG. 1, six transistors Q3-Q8 and a
liquid crystal element of which configuration is similar to
that shown in FIG. 23. The liquid crystal element is com-
posed of a pixel driving electrode PE, a common elec-
trode CE that confronts with the pixel driving electrode
PE and a liquid crystal layer LCM that is sandwiched
between the pixel driving electrode PE and the common
electrode CE.

[0067] The transistors Q3 and Q7 function as a source
follower circuit for converting impedance, and constitute
the buffer amplifier A1 shown in FIG. 1. The transistors
Q4 and Q8 also function as a source follower circuit for
converting impedance and constitute the buffer amplifier
A2 shown in FIG. 1.

[0068] Further, the transistor Q5 of which the drain ter-
minal is connected to the source terminal of the transistor
Q3, and the transistor Q6 of which the drain terminal is
connected to the source terminal of the transistor Q4,
respectively function as switching transistors corre-
sponding to the switches S1 and S2 shown in FIG. 1.
Each source terminal of the transistors Q5 and Q6 is
connected to the pixel driving electrode PE of the liquid
crystal element.

[0069] Furthermore, the holding capacitor C3 in FIG.
1 is not shown in FIG. 3. However, the holding capacitor
C3 enables to be substituted by parasitic capacitance of
the transistors Q5 and Q6 and another parasitic capac-
itance of the liquid crystal. In addition, the holding capac-
itor C3 is not necessary to be produced in case leak cur-
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rent flowing through a node of the pixel driving electrode
PE is sufficiently small.

[0070] A data line in the pixel section is constituted by
one pair of two data lines at each pixel circuit such as a
data line Di+ for positive polarity (hereinafter referred to
as positive data line) and another data line Di- for nega-
tive polarity (hereinafter referred to as negative dataline).
The positive and negative data lines Di+ and Di- are pro-
vided with image signals of which polarity is different from
each other, wherein the image signals are sampled by a
not shown data line driving circuit. Each drain terminal
of the pixel selection transistors Q1 and Q2 is connected
to the positive data line Di+ corresponding to the data
line 6-1a in FIG. 1 and the negative data line Di-corre-
spondingtothe dataline 6-1bin FIG. 1 respectively. Each
gate terminal of the pixel selection transistors Q1 and Q2
is connected to a line scanning line Gj corresponding to
the gate line 8-1 in FIG. 1 with respect to the same pixel
line.

[0071] Further, each drain terminal of the transistors
Q3 and Q4 is supplied with a drain voltage Vdd respec-
tively.

[0072] Furthermore, each source terminal of the tran-

sistors Q7 and Q8 is supplied with a source voltage Vss
respectively.

[0073] When a scanning pulse is supplied from a not
shown vertical scanning circuit, the pixel selection tran-
sistors Q1 and Q2 are simultaneously switched ON, and
the holding capacitors Cs1 and Cs2 hold positive and
negative image signal voltages respectively. A circuitry
section constituted by the transistors Q3 and Q7 and an-
other circuitry section constituted by the transistors Q4
and Q8 function as so-called source follower buffers,
wherein the transistors Q3 and Q4 are signal input tran-
sistors and the transistors Q7 and Q8 function as con-
stant current source loads. Each gate of the transistors
Q7 and Q8 for the constant current source load is com-
monly connected to a wiring B in a pixel line direction
(hereinafter referred to as line B) with respect to pixels
in the same line, and the transistors Q7 and Q8 are con-
stituted so as to enable to control bias of the constant
current source load. Each input resistance of the source
follower buffers constituted by the CMOS type transistors
Q3-Q7 and Q4-Q8 is almost infinitive. Consequently,
electric charge held in the holding capacitors Cs1 and
Cs2 is kept holding without leaking until another image
signal is newly written in after one vertical scanning pe-
riod has elapsed.

[0074] The switching transistors Q5 and Q6 transmit
image signals outputted from the source follower buffers
to the pixel display section constituted by the pixel driving
electrode PE, the Liquid crystal layer LCM and the com-
mon electrode CE by switching polarity of the image sig-
nal. Each gate terminal of the transistor Q5 for switching
apositive image signal and the transistor Q6 for switching
a negative image signal is isolated from each other, and
connected to a wiring S+ in a pixel line direction (herein-
after referred to as line S+) and another wiring S- in the
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pixel line direction (hereinafter referred to as line S-) re-
spectively with respect to pixels in the same line.
[0075] A gate control signal alternately supplied to the
lines S+ and S- makes the switching transistors Q5 and
Q6 switch ON alternately, and enables to supply a liquid
crystal driving signal that inverts its polarity into positive
or negative to a pixel driving section. In the case of the
conventional active matrix liquid crystal display appara-
tus, polarity inversion can not be realized except for dur-
ing the vertical scanning period. However, in the case of
the liquid crystal display apparatus according to the first
embodiment of the present invention, the pixel circuit it-
self is provided with a function for inverting polarity.
[0076] Accordingly, by controlling the functionin higher
speed, the AC driving method in a higher frequency en-
ables to be realized without any restriction of vertical
scanning frequency.

[First lllustrative Example]

[0077] With referring to FIG. 4, another pixel circuit ac-
cording to the first illustrative example of the present in-
vention is described in detail next.

[0078] FIG. 4 is a detailed block diagram of a pixel cir-
cuit in a liquid crystal display apparatus according to the
first illustrative example of the present invention. In FIG.
4, the same component as in FIG. 3 is denoted by the
same reference sign and its description is omitted. Fun-
damental configuration and function of the pixel circuit
shown in FIG. 4 are similar to those of the pixel circuit
shown in FIGs. 1 and 2. Consequently, details of the
same functions and operations as in FIGs. 1 and 2 are
omitted.

[0079] Thepixelcircuitshownin FIG. 4 is characterized
in that a transistor Q9 for constant current load that con-
stitutes a source follower buffer is disposed in a succeed-
ing stage of the switching transistors Q5 and Q6 for
switching polarity. In other words, the transistor Q9 is
disposed in a node of the pixel driving electrode PE and
commonly functions as a load for both the positive and
negative source follower circuits.

[0080] Accordingly, the number of transistors disposed
in the pixel circuit according to the first illustrative exam-
ple of the present invention is smaller than that of the
pixel circuit shown in FIG. 3 according to the first embod-
iment of present invention by one.

[0081] Further, the pixel circuit according to the first
illustrative example of the present invention enables to
suppress characteristic difference between positive and
negative polarities caused by respective variation of load
resulted by the positive buffer amplifier and the negative
buffer amplifier.

[Second lllustrative Example]
[0082] With referring to FIGs. 5 and 6, a further pixel

circuit according to a second illustrative example of the
present invention is described in detail next.
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[0083] FIG. 5 is a block diagram of a pixel circuit in a
liquid crystal display apparatus according to the second
illustrative example of the present invention.

[0084] FIG. 6 is a block diagram of a major part of a
liquid crystal display apparatus adopting the pixel circuit
shown in FIG. 5 according to the second illustrative ex-
ample of the presentinvention. InFIGs. 5and 6, the same
component as shown in FIGs. 1 and 2 is denoted by the
same reference sign and its detailed description is omit-
ted.

[0085] The pixel circuit shown in FIG. 5 according to
the second illustrative example of the present invention
is characterized in that a transistor Q10 as a switching
deviceforinspectionis further provided between the pixel
driving electrode 4 (PE) and the data line 6-1a (Di+) in
comparison with the pixel circuit shown in FIG. 4.
[0086] A gate terminal as a read-out control terminal
of the transistor Q10 in a pixel circuit in the same pixel
line is commonly connected to a selection line RD for a
read-out switch. In the case of a normal image displaying
mode, a selection control signal to be inputted into the
gate terminal of the transistor Q10 through the selection
line RD controls the transistors Q10 in whole pixel lines
to be OFF state. In the case of a pixel inspection mode,
the selection control signal makes the transistor Q10 in
a pixel line to be inspected sequentially switch ON. Here-
upon, the pixelinspection mode is such amode thatreads
out a pixel value of one pixel out from a pixel section in
which a plurality of pixels are disposed in matrix onto a
dataline one by one, and inspects possible defect in each
pixel one by one. Consequently, in the pixel inspection
mode, an image signal to be written-in is not inputted into
the data line, and the pixel section is kept in a read-in
mode.

[0087] A line selection method in such a pixel inspec-
tion mode is realized by a similar configuration to a ver-
tical driver circuit composed of a shift register as the same
manner as writing an image signal.

[0088] Further, the shift register in the vertical driver
circuit for writing an image signal enables to be shared
with the line selection method in the above-mentioned
pixel inspection mode.

[0089] In FIG. 6, a pixel circuit 81 is provided with n-
lines in the vertical direction and provided with m-rows
in the horizontal direction although not sown in FIG. 6.
Each of the pixel circuits 81 is the same configuration as
that shown in FIG. 5. The gate line 8-1 and a selection
line RD1 for a reading-out switch are commonly connect-
ed to "m" pieces of pixel circuits 81 in the first line.
[0090] Further, a gate line 8-n and a selection line RDn
for a reading-out switch are commonly connected to "m"
pieces of pixel circuits 81 in the n-th line.

[0091] Furthermore, in the case of "m" pieces of pixel
circuits 81 in an i-th line although the pixel circuit 81 in
the i-th line is not shown in FIG. 6, a gate line 8-i and a
selection line RDi for a reading-out switch are commonly
connected to the "m" pieces of pixel circuits 81 in the i-
th line as same manner as the other lines.
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[0092] More, apositive image signal applied to an input
terminal "Video (+)" is supplied to each of the plurality of
pixels 81 through horizontal sampling switches (S1-1a)
- (81-2a) and the data lines 6-1a and 6-2a respectively.
[0093] Moreover, a negative image signal applied to
an input terminal "Video (-)" is supplied to each of the
plurality of pixels 81 through horizontal sampling switch-
es (S1-1b) - (S1-2b) and the data lines 6-1ba and 6-2b
respectively.

[0094] An AND circuit (hereinafter referred to as AND
gate) AND 1-1 conducts the logical AND operation with
respect to a selection control signal from a control termi-
nal WT/RD and a vertical driving signal from an output
terminal in the first line of the vertical driver circuit 20,
and then outputs the logically AND operated signal to the
gate line 8-1.

[0095] Further,an AND gate AND1-2 conducts the log-
ical AND operation with respect to a logically inverted
selection control signal from the control terminal WT/RD
through an inverter INV and the vertical driving signal
from the output terminal in the first line of the vertical
driver circuit 20, and then outputs the logically AND op-
erated signal to the selection line RD1 for a reading-out
switch.

[0096] Furthermore, an AND gate ANDn-1 conducts
the logical AND operation with respect to the selection
control signal from the control terminal WT/RD and a ver-
tical driving signal from an output terminal in the n-th line
of the vertical driver circuit 20, and then outputs the log-
ically AND operated signal to the gate line 8-n.

[0097] More, an AND gate ANDn-2 conducts the logi-
cal AND operation with respect to the logically inverted
selection control signal from the control terminal WT/RD
through the inverter INV and a vertical driving signal from
an output terminal in the n-th line of the vertical driver
circuit 20, and then outputs the logically AND operated
signal to the selection line RDn for a reading-out switch.
[0098] In the case of each pixel circuit in an i-th pixel
line although the i-th pixel line is not shown in FIG. 6,
similarly to the other pixel lines, each pixel circuit in the
i-th pixel line is connected to an AND gate, which con-
ducts the logical AND operation with respect to the se-
lection control signal from the control terminal WT/RD
and a vertical driving signal from an output terminal in
the i-th line of the vertical driver circuit 20, and outputs
the logically AND operated signal to the gate line 8-i.
[0099] Further, each pixel circuit in the i-th line is con-
nected to another AND gate, which conducts the logical
AND operation with respect to the logically inverted se-
lection control signal from the control terminal WT/RD
through the inverter INV and a vertical driving signal from
an output terminal in the i-th line of the vertical driver
circuit 20, and then outputs the logically AND operated
signal to the selection line RDi for a reading-out switch.
[0100] Furthermore, the selectionlines RD 1-RDnare
connected to the gate terminal of the transistor Q10
shown in FIG. 5 of the pixel circuit 81 in the same pixel
line.

10

15

20

25

30

35

40

45

50

55

[0101] More, the control terminal WT/RD is supplied
with a selection control signal in a high level in the normal
image display mode or the pixel writing mode. In the case
of the pixel inspection mode or the image reading mode,
the control terminal WT/RD is supplied with a selection
control signal in a low level.

[0102] Moreover, by the gate function of the plurality
of AND gates (AND1-1) - (AND1-2) through (ANDn-1) -
(ANDnN-2) connected to the output terminals of the vertical
driver circuit 20 respectively, a selection pulse is sequen-
tially outputted to the plurality of gate lines 8-1 through
8-n in the normal image display mode.

[0103] Onthe otherhand, in the pixelinspection mode,
by the gate function of the plurality of AND gates (AND
1-1) - (AND 1-2) through (ANDn-1) - (ANDn-2), a selec-
tion pulse is sequentially outputted to the plurality of the
selection lines RD1 through RDn (hereinafter generically
referred to as selection line RD) for reading-out switches.
Consequently, by a selection control signal inputted
through the control terminal WT/RD, a mode enables to
be changed with sharing the vertical driver circuit 20.
[0104] Inthe above-mentioned pixel inspection mode,
the transistor Q10 shown in FIG. 5, which is disposed in
a pixel circuit within a selected pixel line, is switched ON
by the selection pulse that is applied to the gate terminal
of the transistor Q10 through the selection line RD for a
read-out switch. When the transistor Q10 is switched ON,
the connection between the pixel driving electrode 4 and
the data line 6-1a is made to be conductive, and then a
pixel driving electrode voltage is outputted to the data
line. Atthis time, in case a buffer amplifier of a pixel circuit
within a selected pixel line in the pixel inspection mode
is made to be active and either one of the polarity switch-
ing control switch Q5 and Q6 is turned ON, the pixel driv-
ing electrode 4 is driven by a buffer output during the
period, and a driving voltage applied to the pixel driving
electrode 4 enables to be read out toward the data line
6-1a side as a voltage output.

[0105] By driving the horizontal driver circuit 10 shown
in FIG. 5, the pixel driving electrode voltage that is read
out toward the data line side is outputted to an image
data common input terminal as a time sequence signal
through a horizontal sampling switch, wherein the image
data common input terminal corresponds to "Video (+)"
in FIG. 6. Detecting the time sequence signal enables to
inspect the pixel circuit, wherein inspecting the pixel cir-
cuit is referred to as detecting pixel defect.

[0106] Further, by reading out after writing a same sig-
nal into whole pixels within a pixel line to be inspected,
and then by detecting fluctuation of the signals read out
in the image data common input terminal side, charac-
teristic variation of a buffer amplifier in each pixel enables
to be detected. Based on the information about fluctua-
tion of the read-out voltage, composing compensation
data of characteristic variation of pixels and compensat-
ing an input image signal enables to compensate char-
acteristic variation of pixels, and then enables to obtain
a uniform display characteristic.
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[0107] Further, itis necessary for individually detecting
and measuring characteristic of each buffer amplifier in
the positive and negative sides to inspect and to measure
while switching the polarity switching transistors Q5 and
Q6.

[0108] Inthe case of a conventional active matrix liquid
crystal display apparatus, the apparatus is such a system
that a pixel is driven by a voltage, whichis held ina holding
capacitor as electric charge. Consequently, pixel read-
ing-out inspection requires a detection amplifier in higher
accuracy for detecting minute current change while elec-
tric charge moves.

[0109] On the contrary, in the case of a combination
of the pixel circuitand methods of inspecting and reading-
out according to the second illustrative example of the
present invention, it is configured to read out a voltage
itself of a pixel driving electrode, that is, a voltage itself
of a pixel driving electrode, which is driven by low output
impedance through an output of a buffer amplifier. Con-
sequently, detecting a defective pixel and detecting a pix-
el characteristic enables to be conducted easier.
[0110] Inreference to FIGs. 7 and 8, description is giv-
en to an AC driving control method of the liquid crystal
display apparatus according to each embodiment of the
present invention next.

[0111] FIG. 7(a) is a waveform of a vertical sync signal
VD.
[0112] FIG. 7(b) is a waveform of a load characteristic

control signal on the line B applied to the transistors Q7
and Q8 in the pixel circuit shown in FIGs. 3 and 4, wherein
the transistors Q7 and Q8 are the constant current load
of the source follower buffer circuit in the pixel circuit as
mentioned above.

[0113] FIG. 7(c) is a waveform of a gate control signal
ontheline S+ applied to the gate terminal of the switching
transistor Q5 for transferring a positive driving voltage in
the pixel circuit shown in FIGs. 3 and 4.

[0114] FIG. 7(d) is a waveform of a gate control signal
on the line S- applied to the gate terminal of the switching
transistor Q6 for transferring a negative driving voltage
in the pixel circuit shown in FIGs. 3 and 4.

[0115] FIG. 7(e) is awaveform of a driving voltage VPE
applied to the pixel driving electrode PE of a pixel element
shown in FIGs. 3 and 4.

[0116] FIG. 7(f) is a waveform of a voltage Vcom ap-
plied tothe common electrode CE showninFIGs. 3and 4.
[0117] FIG. 7(g) is a waveform of an AC voltage VLC
excluding a DC component applied to the Liquid crystal
layer LCM shown in FIGs. 3 and 4.

[0118] FIG. 8 is a level chart showing a relation of a
level from black to white of a positive image signal "I" and
a negative image signal "ll" respectively with respect to
a center axis "llI" of reverse. In FIG. 8, a minimum level
of the positive image signal "I" is a black level and a max-
imum level is a white level. On the contrary, in the case
of the negative image signal "ll", a minimum level is the
white level and a maximum level is the black level.
[0119] As mentioned above, in FIG. 8, the minimum
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level of the positive image signal "I" shows the black level
and the maximum level exhibits the white level, and the
minimum level of the negative image signal "ll" exhibits
the white level and the maximum level shows the black
level. However, it is acceptable that the minimum level
of the positive image signal "I" is the white level and the
maximum level is the black level, and the minimum level
of the negative image signal "lI" is the black level and the
maximum level is the white level.

[0120] In the pixel circuit shownin FIG. 3 or 4, the pos-
itive switching transistor Q5 is switched ON while a gate
control signal of the line S+ shown in FIG. 7(c) is in a
high level. During the ON period, a load characteristic
control signal applied to the line B is in a high level as
shown in FIG. 7(b), the source follower buffer circuit is
made to be active, and then the node of the pixel driving
electrode PE is charged up to a positive image signal
level. In case a load characteristic control signal on the
line B is made to be alow level and the gate control signal
on the line S+ is also made to be in a low level when the
pixel driving electrode PE is fully charged, the pixel driv-
ing electrode PE is made floating and a positive driving
voltage is held in a capacitor of a liquid crystal display
element.

[0121] On the other hand, the negative switching tran-
sistor Q6 is switched ON while a gate control signal of
the line S- shown in FIG. 7(d) is in a high level. During
the high level period of the gate control signal, a load
characteristic control signal applied to the line B is in a
high level as shown in FIG. 7(b), the source follower buff-
er circuit is made to be active, and then the node of the
pixel driving electrode PE is charged up to a negative
image signal level. In case a load characteristic control
signal on the line B is made to be a low level and the gate
control signal on the line S- is also made to be in a low
level when the pixel driving electrode PE is fully charged,
the pixel driving electrode PE is made floating and a neg-
ative driving voltage is held in a capacitor of the liquid
crystal display element.

[0122] Succeedingly, by repeating such an operation
as the constant current load transistor Q7, Q8 or Q9 is
made to be intermittently active in synchronism with the
switching operation of making the switching transistors
Q5 and Q6 alternately ON, the driving voltage VPE shown
in FIG. 7(e), which is made to be AC by positive and
negative image signals, is applied to the pixel driving
electrode PE of the pixel element.

[0123] According to the embodiment of the present in-
vention, stored electric charge is supplied to a pixel driv-
ing section through the source follower buffer circuit as
a voltage instead of transmitting the stored electric
charge directly to the pixel driving section. Therefore, it
is notnecessary to neutralize electric charge eventhough
the electric charge is repeatedly charged and discharged
in positive and negative polarities.

[0124] Accordingly, a driving method without attenua-
tion of voltage level enables to be realized even though
a polarity is switched a plurality of times.
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[0125] Further, a substantial AC driving voltage of the
Liquid crystal layer LCM is a differential voltage between
the voltage Vcom shown in FIG. 7(f) applied to the com-
mon electrode CE and the voltage VPE applied to the
pixel driving electrode PE. As shown in FIG. 7(f), the volt-
age Vcom applied to the common electrode CE is re-
versed in synchronism with switching a pixel polarity with
respect to a reference level being almost equivalent to a
reversing reference level of a voltage of the pixel driving
electrode PE. By the AC driving control method, an ab-
solute value of voltage difference between the voltage
Vcom applied to the common electrode CE and the volt-
age VPE applied to the pixel driving electrode PE is al-
ways constant, and then the voltage VLC excludinga DC
component shown in FIG. 7(g) is applied to the Liquid
crystal layer LCM. The voltage Vcom to be applied to the
common electrode CE is outputted through the controller
60 shown in FIG. 2.

[0126] As mentioned above, by switching the voltage
Vcom of the common electrode CE in a reverse phase
with respectto the voltage VPE applied to the pixel driving
electrode PE, amplitude of a driving voltage in a pixel
side, that is, amplitude of a driving voltage in the pixel
driving electrode PE side can be reduced to almost a
half. A necessary endurance voltage of a transistor con-
stituting the pixel circuit and a peripheral scanning circuit
enables to be drastically reduced by the liquid crystal
display apparatus according to the embodiment of the
present invention. Consequently, a special configuration
for high endurance voltage or applying a special process
is not necessary for a transistor, and resulting in reducing
device cost.

[0127] Further, as mentioned above, a driving section
such as the pixel circuit of the liquid crystal display ap-
paratus according to the first embodiment and the first
and second illustrative examples of the present invention
enables to be constituted by a transistor in a low endur-
ancevoltage andinasmallsize. Consequently, itenables
to realize a liquid crystal display apparatus that is higher
in pixel density.

[0128] Furthermore, a transistor, which is high in driv-
ing ability per unit channel width, enables to be adopted
due to reduction of an endurance voltage of a transistor,
so that the liquid crystal display apparatus according to
the present invention enables to allow easier application
for driving operation in higher speed.

[0129] More, by conducting the load characteristic con-
trol signal on the line B to be a pulse array as shown in
FIG. 7(b), the pixel circuit according to each embodiment
ofthe presentinvention controls the constant currentload
transistors Q7 and Q8 in FIG. 3 in the source follower
buffer circuit so as to be active during a limited period of
time in the conductive period of the switching transistors
Q5 and Q6 in FIG. 3 instead of making the transistors
Q7 and Q8 always active because reducing electric cur-
rent consumption of the liquid crystal display apparatus
is considered. For instance, although stationary current
of a source follower buffer circuit per one pixel circuit is
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minute current of 1 pA at most, total electric current con-
sumption of a liquid crystal display apparatus becomes
extremely large as long as whole pixels in the apparatus
constantly consume electric current. Inthe case of a liquid
crystal display apparatus capable of displaying 200 mil-
lion pixels of the full high vision system, its electric current
consumption reaches 2 A.

[0130] Accordingly, as shown in FIGs. 7(a)-7(d), the
liquid crystal display apparatus according to the embod-
iment of the present invention controls to limit a driving
period of the transistors Q7 and Q8 of the source follower
buffer circuit by making the load characteristic control
signal supplied through the line B to be in a high level
within the conductive period of the transistors Q5 and Q6
while the gate control signals supplied through the lines
S+ and S- are in a high level. By the AC driving control
method according to the present invention, immediately
after the driving voltage VPE of the liquid crystal element
is charged and discharged up to an objective level as
shown in FIG. 7(e), the load characteristic control signal
is instantaneously shifted to a low level and the transis-
tors Q7 and Q8 are switched OFF, and then electric cur-
rent of the source follower buffer circuit is interrupted.
Consequently, the liquid crystal display apparatus ac-
cording to the embodiment of the present invention en-
ables to suppress substantial electric current consump-
tion even though the apparatus is provided with a buffer
amplifier in each pixel.

[Second Embodiment]

[0131] InreferencetoFIGs. 9 and 10, a control method
of the source follower buffer circuit according to a second
embodiment of the presentinventionis described n detail
next.

[0132] FIG.9isa constitutional drawing of a major part
of a liquid crystal display apparatus according to the sec-
ond embodiment of the present invention.

[0133] FIG. 10(a) is a waveform of shift clock signal
SCK to be supplied to a shift register shown in FIG. 9.
[0134] FIG. 10(b)is awaveform of a gate control signal
supplied to a line S+ shown in FIG. 9.

[0135] FIG. 10(c)is a waveform of a gate control signal
supplied to an input terminal S+(1) of group # 1 of a di-
vided pixel section shown in FIG. 9.

[0136] FIG. 10(d)is awaveform of a gate control signal
supplied to an input terminal S+(2) of group # 2 of a di-
vided pixel section shown in FIG. 9.

[0137] FIG.10(e)is awaveform of a gate control signal
supplied to an input terminal S+(h) of group # h of a di-
vided pixel section shown in FIG. 9.

[0138] FIG. 10(f) is a waveform of a gate control signal
supplied to a line S-shown in FIG. 9.

[0139] FIG. 10(g)is awaveform of a gate control signal
supplied to an input terminal S- (1) of group # 1 of a
divided pixel section shown in FIG. 9.

[0140] FIG. 10(h)is awaveform of a gate control signal
supplied to an input terminal S- (2) of group # 2 of a
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divided pixel section shown in FIG. 9.

[0141] FIG. 10(i) is a waveform of a gate control signal
supplied to an input terminal S- (h) of group # h of a
divided pixel section shown in FIG. 9.

[0142] FIG. 10(j) is a waveform of a load characteristic
control signal supplied to a line B shown in FIG. 9.
[0143] FIG. 10(k) is a waveform of aload characteristic
control signal supplied to an input terminal B (1) of the
group # 1 of the divided pixel section shown in FIG. 9.
[0144] FIG. 10(l) is a waveform of a load characteristic
control signal supplied to an input terminal B (2) of the
group # 2 of the divided pixel section shown in FIG. 9.
[0145] FIG. 10(m) is a waveform of a load character-
istic control signal supplied to an input terminal B (h) of
the group # h of the divided pixel section shown in FIG. 9.
[0146] The ACdriving control method of the pixel circuit
explained in reference to FIGs. 7(a)-7(g) is described on
the intermittent active control of the source follower buffer
circuit so as not to flow stationary electric current through
the source follower buffer circuit. However, in the case
of a liquid crystal display apparatus according to the sec-
ond embodiment of the present invention, it is character-
ized in that another control device is provided for pre-
venting whole pixels from being switched ON simultane-
ously.

[0147] The liquid crystal display apparatus according
to the second embodiment of the present invention real-
izes both of polarity reversing control and active control
of a source follower buffer circuit so as to maintain time
difference in the vertical direction of a screen. As shown
in FIG. 9, the liquid crystal display apparatus according
to the second embodiment of the present invention is
composed of a plurality of divided pixel sections "90-1" -
"90-h" and three shift registers 91a, 91b and 91 having
"h" stages respectively. The plurality of divided pixel sec-
tions "90-1" - "90-h" is equivalent to the pixel section 30
in FIG. 2 that is divided into "h" blocks in the vertical
direction, where "h" is a natural number of more than 2
including 2. The shift registers 91 a - 91c shift a gate
control signal for switching polarity of a line S+, another
gate control signal for switching polarity of a line S- and
a load characteristic control signal supplied to a line B
respectively in synchronism with a shift clock signal SCK.
[0148] Further, the shiftregisters 91a - 91c correspond
to the vertical driver circuit 20 in FIG. 2.

[0149] In addition, FIG. 9 exhibits only circuit sections
necessary for active controlling the source follower buffer
circuit, so that other sections such as the horizontal driver
circuit 10 shown in FIG. 2 are omitted.

[0150] Each of the plurality of divided pixel sections
"90-1" - "90-h" is the divided pixel section, which com-
bines a plurality of lines of pixels in one group such as
group # 1 - group # h. The shift register 91a supplies the
gate control signal of the line S+ to each of input terminals
"S+(1)" - "S+(h)" of the plurality of divided pixel sections
"90-1" - "90-h" through each of output terminals "1"
through "h" stages of the shift register 91a.

[0151] Further, the shift register 91b supplies the gate
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control signal of the line S- to each of input terminals "S-
(1)" - "S- (h)" of the plurality of divided pixel sections
"90-1" - "90-h" through each of output terminals "1"
through "h" stages of the shift register 91b.

[0152] Furthermore, the shift register 91¢ supplies the
load characteristic control signal of the line B to each of
input terminals "B (1)" - "B (h)" of the plurality of divided
pixel sections "90-1" - "90-h" through each of output ter-
minals "1" through "h" stages of the shift register 91 c.
[0153] In addition thereto, the shift register 91a shifts
the gate control signal of the line S+ shown in FIG. 10(b)
in synchronism with the shift clock signal SCK shown in
FIG. 10(a) and supplies the shifted gate control signals
shown in FIGs. 10(c) - 10(e) respectively to each of the
input terminals "S+(1)" - "S+(h)" of the plurality of divided
pixel sections "90-1" - "90-h" through each of the output
terminals "1" through "h" stages of the shift register 91a.
[0154] Similarly, the shift register 91 b shifts the other
gate control signal of the line S- shown in FIG. 10(f) in
synchronism with the shift clock signal SCK shown in
FIG. 10(a) and supplies the shifted gate control signals
shown in FIGs. 10(g) - 10(i) respectively to each of the
input terminals "S- (1)" - "S-(h)" of the plurality of divided
pixel sections "90-1" - "90-h" through each of the output
terminals "1" through "h" stages of the shift register 91b.
[0155] Further, the shift register 91c shifts the load
characteristic control signal of the line B shown in FIG.
10(j) in synchronism with the shift clock signal SCK
shown in FIG. 10(a) and supplies the shifted load char-
acteristic control signals shown in FIGs. 10(k) - 10(m)
respectively to each of the input terminals "B (1)" - "B (h)"
of the plurality of divided pixel sections "90-1" - "90-h"
through each of the output terminals "1" through "h" stag-
es of the shift register 91c.

[0156] Accordingtothe liquid crystal display apparatus
of the second embodiment of the present invention, the
liquid crystal display apparatus enables to realize polarity
reversing and active control of the buffer maintaining time
difference, so that an electric current value is dispersed
in time base and averaged. Consequently, erratic oper-
ation or failure can be avoided. In order to eliminate af-
fection of the time difference of controlling to a displaying
characteristic, it is the base way that a frequency of the
shift clock signal SCK is selected in an extremely high
frequency with respect to a frequency of reversing polar-

ity.
[Third Embodiment]

[0157] In reference to FIGs. 11(a1) - 11(e2) and 12,
optimizing mutual timing control for switching polarity of
the pixel driving electrode and the common electrode ac-
cording to a third embodiment of the present invention is
described in detail next.

[0158] FIGs. 11(a1) -11(e1) exhibit timing chart when
timing of switching polarity of the pixel driving electrode
precedes timing of switching polarity of the common elec-
trode.
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[0159] FIGs. 11(a2) -11(e2) exhibit timing chart when
timing of switching polarity of the common electrode pre-
cedes timing of switching polarity of the pixel driving elec-
trode.

[0160] More specifically, FIGs. 11(a1) and 11(a2) are
waveforms of a voltage Vcom to be applied to the com-
mon electrode CE of a liquid crystal element, FIGs.
11(b1) and 11(b2) are waveforms of a gate control signal
of the line S+ applied to the gate terminal of the switching
transistor Q5 for transferring the positive driving voltage
in the pixel circuit shown in FIG. 3, FIGs. 11(c1) and
11(c2) are waveforms of a gate control signal of the line
S- applied to the gate terminal of the switching transistor
Q6 for transferring the negative driving voltage in the pixel
circuit shown in FIG. 3, FIGs. 11(d1) and 11(d2) are
waveform of the load characteristic control signal of the
line B to be applied to the gate terminals of the transistors
Q7 and Q8 shownin FIG. 3, and FIGs. 11(e1) and 11(e2)
are waveform of the driving voltage VPE to be applied to
the pixel driving electrode PE of the liquid crystal element.
[0161] FIG. 12 is a block diagram of a timing generator
circuit for realizing timing control shown in FIGs. 11 (a 1)
- 11 (e2) according to the third embodiment of the present
invention.

[0162] First of all, description is given to such a case
that a positive switching transistor is switched ON when
a gate control signal of the line S+ is in a high level during
a period from time t1 to time t2 as shown in FIG. 11(b1)
before polarity of the common electrode voltage Vcom
is switched at time t3 as shown in FIG. 11(a1). In this
case, when a load characteristic control signal of the line
B to be supplied to a gate terminal of a constant current
load transistor of a source follower circuit in a pixel circuit
is switched to a high level as shown in FIG. 11(d1) during
the period from the time t1 to the time t2 while the positive
switching transistor is in the ON state, a positive source
follower buffer circuit and a switching transistor such as
Q5 in FIG. 3 are made to be active, and then a pixel
driving electrode such as PE in FIG. 3 of a pixel element
is applied with a positive driving voltage corresponding
to an image signal.

[0163] When the positive driving voltage is transmitted
to the pixel driving electrode PE and then the pixel driving
electrode voltage VPE reaches to a specific positive volt-
age as shown in FIG. 11(e1), the load characteristic con-
trol signal of the line B is made to be a low level as shown
in FIG. 11(d1), and then the positive source follower buff-
er circuit is made to be non-active.

[0164] Succeedingly, when the gate control signal of
the line S+ is made to be a low level at the time t2, the
positive switching transistor is switched OFF, and then
anode of the pixel driving electrode PE ofthe liquid crystal
element is shifted to a floating state. However, as shown
in FIG. 11(e1), the pixel driving electrode voltage VPE is
continuously held in a certain positive voltage after the
time t2 due to parasitic capacitance of the node of the
pixel driving electrode PE.

[0165] Secondary, as shownin FIG. 11(a1), polarity of
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the common electrode voltage Vcom is reversed from a
positive holding voltage of pixel driving electrode to a
negative holding voltage at the time t3. At the moment,
since coupling of capacitance caused by an Liquid crystal
layer suchasLCMin FIG. 3 formed between the common
electrode and the pixel driving electrode exists, the pixel
driving electrode voltage VPE that is held in the floating
state fluctuates by AVp as shown in Fig. 11(e1) due to
affection of reversing the common electrode voltage
Vcom at the time t3.

[0166] Similarly, even in a sequence from time t4 to
time t6 in which polarity of the pixel driving electrode volt-
age Vcom is switched from negative to positive, the pixel
driving electrode voltage VPE fluctuates by AVm as
shown in Fig. 11(e1) due to affection of reversing the
common electrode voltage Vcom at the time t6 by the
existing coupling of capacitance caused by the Liquid
crystal layer formed between the common electrode and
the pixel driving electrode.

[0167] As mentioned above, in the control timing
shown in FIGs. 11(a1) - 11(e1), since the voltage fluctu-
ation of AVp and AVm occurs at the timing after the po-
larity of the pixel driving electrode voltage VPE is
switched due to the coupling of capacitance caused by
the Liquid crystal layer, the pixel driving electrode voltage
VPE is shifted from the specific voltage corresponding
to an original image signal by AVp or AVm. The difference
of voltage acts on AC amplitude of the pixel driving elec-
trode voltage VPE to shrink, so that effective voltage ap-
plied on a liquid crystal is reduced by the difference of
voltage.

[0168] Onthe otherhand, in the case of the timing con-
trol method shown in FIGs. 11(a2) - 11(e2), the difference
of voltage is improved by controlling the timing of switch-
ing polarity of the common electrode voltage Vcom so
as to precede the timing of switching polarity of the pixel
driving electrode voltage VPE.

[0169] As shown in FIG. 11(a2), polarity of a common
electrode voltage Vcom is switched from positive to neg-
ative at time t7. Succeedingly, a gate control signal of
the line S+ is made to be a high level as shown in FIG.
11(b2) during a period from time t8 to time t9 after the
polarity of the common electrode voltage Vcom has been
switched from positive to negative, and then a positive
switching transistor is switched ON.

[0170] Further, during the ON period of the switching
transistor, as shown in FIG. 11 (d2), a load characteristic
control signal of the line B is made to be a high level and
a positive source follower buffer circuit and a switching
transistor such as Q5 in FIG. 3 is made to be active, and
then a positive driving voltage corresponding to an image
signal is applied to a pixel driving electrode such as PE
in FIG. 3 of a liquid crystal element. Consequently, the
positive driving voltage is transmitted to the pixel driving
electrode PE.

[0171] Hereupon, as showninFIG. 11(e2), the voltage
fluctuation AVm is generated on the pixel driving elec-
trode voltage VPE at the time t7 due to the above-men-
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tioned coupling of capacitance caused by the Liquid crys-
tal layer formed between the common electrode and the
pixel driving electrode. However, during the ON period
between the time t8 and the time t9 of the positive switch-
ing transistor, changing polarity of the pixel driving elec-
trode is conducted, and then the pixel driving electrode
voltage VPE is switched to the specific positive voltage
corresponding to the original image signal that is not af-
fected by the voltage fluctuation during the ON period
from the time t8 to the time t9 as shown in FIG. 11(e2).
[0172] Similarly to the control operation of switching
the positive polarity to the negative polarity at the time
t7, as shown in FIG. 11(a2), polarity of the common elec-
trode voltage Vcom is switched from negative to positive
at time t10.

[0173] Succeedingly, as shown in FIGs. 11(c2) and
11(d2), the gate control signal of the line S- and the load
characteristic control signal of the line B are respectively
made to be a high level during a period from time t11 to
time t12 after the polarity of the common electrode volt-
age Vcom has been switched from negative to positive.
Then, the negative source follower buffer circuit and the
switching transistor such as Q5 in FIG. 3 are made to be
active.

[0174] Accordingly, as shown in FIG. 11(e2), the volt-
age fluctuation AVp occurs on the pixel driving electrode
voltage VPE at the time 10 as the same manner as men-
tioned above. However, switching polarity of the pixel
driving electrode is conducted during the period from the
time t11 to the time t12 immediately after the time t10,
and then the pixel driving electrode voltage VPE is
switched to a specific negative voltage corresponding to
the original image signal, which is not affected by the
voltage fluctuation.

[0175] Asitis apparentfrom the above-mentioned de-
scriptions with reference to FIGs. 11(a1) - 11(e2), in the
case of the timing control method shown in FIGs. 11(a2)
- 11 (e2), by controlling the timing of switching polarity of
the common electrode voltage Vcom so as to precede
the timing of switching polarity of the pixel driving elec-
trode voltage VPE, affection of the fluctuation of the pixel
driving electrode voltage is limited within a short period
oftime equivalentto a bit of time difference from the timing
of switching polarity of the common electrode voltage
Vcom to the timing of switching polarity of the pixel driving
electrode voltage VPE even though the pixel driving elec-
trode voltage that is in a floating state by the coupling of
capacitance caused by the Liquid crystal layer fluctuates.
With respect to almost all period other than the short pe-
riod of time, a pixel driving electrode voltage enables to
be maintained at an original driving voltage correspond-
ing to the original image signal.

[0176] As shown in FIG. 12, a timing generator circuit
100 is composed of five D-type flip-flops (hereinafter re-
ferred to as D-FF) 101-105 that are connected in cas-
cade, two inverters 106 and 107, two AND gates 108 and
109 having two input terminals respectively and an ex-
clusive OR circuit (hereinafter referred to as EX-OR gate)
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110. The inverter 106 inverts a "Q" output signal from the
D-FF 102 disposed in the second stage of the cascaded
flip-flops. The inverter 107 inverts a "Q" output signal from
the D-FF 105 disposed in the fifth stage of the cascaded
flip-flops. The EX-OR gate 110 conducts the exclusive
OR operation with respect to "Q" output signals from the
D-FFs 103 and 104.

[0177] Further, each of the D-FFs 101-105 is the one-
bit latch circuit and reference clock signal CLK having a
frequency equivalent to a time unit of the timing control
method according to the third embodiment of the present
invention is commonly inputted into each of clock termi-
nals of the D-FFs 101-105.

[0178] Furthermore, the five D-FFs 101-105 disposed
in the cascade connection constitute a shift register. A
control timing pulse of which frequency accords to a fre-
quency of switching polarity of the common electrode
voltage Vcom is inputted into a data input terminal "D" of
the D-FF 101 in the first stage. The control timing pulse
is sequentially outputted to each of the "Q" output termi-
nals a-e of the D-FFs 101-105 respectively with being
delayed by one clock time unit.

[0179] In the case of the timing generator circuit 100
according to the third embodiment of the present inven-
tion, switching polarity of the common electrode voltage
Vcom is controlled so as to precede switching polarity of
the pixel driving electrode voltage VPE as mentioned
aboveinreferencetoFIGs. 11(a2)- 11 (e2). Consequent-
ly, an output from the "Q" output terminal (hereinafter
referred to as "Q" output signal) of the D-FF 101 in the
first stage is designated as a common electrode voltage
Vcom.

[0180] Further, a signal that is logically inverted "Q"
output signal from the D-FF 102 by the inverter 106 and
a "Q" output signal from the D-FF 105 are processed
through the logical AND operation by the AND gate 108.
The logically AND operated signal is designated as a
gate control signal to be transmitted through the line S+
(hereinafter referred to as positive switch control signal
in some cases).

[0181] Furthermore, the "Q" output signal from the D-
FF 102 and a signal that is logically inverted "Q" output
signal from the D-FF 105 by the inverter 107 are logically
AND operated by the AND gate 109. The logically AND
operated signal is designated as a gate control signal to
be transmitted through the line S- (hereinafter referred
to as negative switch control signal in some cases).
[0182] More, the EX-OR gate 110 conducts the exclu-
sive OR operation to a "Q" output signal from the D-FF
103 and another "Q" output signal from the D-FF 104,
and resulting in producing a load characteristic control
signal of the line B that makes a constant current load
transistor of a source follower buffer circuit in a pixel cir-
cuit to be active.

[0183] Controlling the constant current load transistor
of the source follower buffer circuit in the pixel circuit so
as to be shifted from ON to OFF is necessary to be com-
pleted within a period while a switch for switching pixel
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polarity maintains a ON state. Consequently, OFF timing
of the constant current load transistor is produced from
the "Q" output signal from the D-FF 104 and OFF timing
of the switch for switching pixel polarity is produced from
the "Q" output signal from the D-FF 105.

[0184] As mentioned above, in the timing generator
circuit 100, controlling the common electrode, a pixel
switch and a pixel buffer load can be definitely realized
in synchronism with the frequency of the reference clock
signal CSK with maintaining relation of prescribed timing
among them.

[0185] Further, the timing generator circuit 100 accord-
ing to the third embodiment of the present invention pro-
duces the timing by shifting each control timing by one
clock in synchronism with the period of the reference
clock signal CLK. However, it is also possible to conduct
a control method having time difference among a plurality
of clock frequencies.

[0186] Furthermore, in the timing generator circuit 100,
an original input signal is a common electrode control
signal. By delaying the common electrode control signal,
a desired timing control signal is produced.

[0187] More, a timing generator circuit is not limited to
the circuit configuration shown in FIG. 12. Any circuit is
applicable for the timing generator circuit as long as the
fundamentals of the timing control method mentioned
above in reference to FIGs. 11(a2) -11(e2) enables to be
realized.

[Fourth Embodiment]

[0188] InreferencetoFIGs. 13(a)-13(h)and 14, writing
operation of an image signal and timing control of syn-
chronized operation for switching the pixel polarity men-
tioned above in the liquid crystal display apparatus ac-
cording to a fourth embodiment of the present invention
is described in detail next.

[0189] FIG. 13(a)is awaveform of a vertical sync signal
VD to be supplied to a liquid crystal display apparatus
corresponding to a vertical scanning period of an image
signal.

[0190] FIG. 13(b) is a waveform of horizontal sync sig-
nal HD corresponding to a horizontal scanning period.

[0191] FIG. 13(c)is a waveform of acommon electrode
voltage Vcom.
[0192] FIG. 13(d) is awaveform of a load characteristic

control signal on a line B.

[0193] FIG. 13(e) is a waveform of a positive switch
control signal on a line S+.

[0194] FIG. 13(f) is a waveform of a negative switch
control signal on a line S-.

[0195] FIG. 13(g) is a waveform of a driving voltage
VPE applied to a pixel driving electrode PE of a pixel
element.

[0196] FIG. 13(h) is a waveform of an AC voltage VLC
applied to a liquid crystal layer.

[0197] In FIGs. 13(a) - 13(h), all waveforms respec-
tively exhibit a signal array in one vertical scanning period

10

15

20

25

30

35

40

45

50

55

15

"vsp" of an image signal.

[0198] FIG. 14 is a block diagram of a timing control
circuit for synchronous control between write-in timing of
an image signal and switching timing of polarity of a pixel
exhibited in FIGs. 13(a)-13(h) according to a fourth em-
bodiment of the present invention.

[0199] A timing control method according to the fourth
embodiment of the present invention is characterized in
that timing of switching polarity of a pixel driving voltage
or controlling timing of switching polarity of a common
electrode voltage and controlling timing of switching po-
larity of a pixel driving electrode voltage are conducted
to be a synchronized controlling method so as to maintain
a prescribed phase relation with a period of the vertical
sync signal VD or a vertical scanning period and a period
of the horizontal sync signal HD or a horizontal scanning
period.

[0200] In the timing control method according to the
fourth embodiment of the present invention, a polarity
reversing period is controlled so as to be reversed with
respect to each 2n times the horizontal scanning period
of image signal. In other words, the polarity reversing
period is controlled so as to be reversed with respect to
each n-lines of the horizontal scanning period "n-hsp" of
the image signal. At the same time, the polarity reversing
period is further controlled so as to synchronize with tim-
ing of starting the vertical scanning within a prescribed
phase. Reversing control of polarity of liquid crystal driv-
ing enables to be conducted at arbitrary timing independ-
ently of the scanning period of image signal in principal.
[0201] However, such an arbitrary timing method ac-
tually generates a problem such that each signal condi-
tion of a switching period of a common electrode voltage,
a positive switch control signal, a negative switch control
signal and a load characteristic control signal interferes
in a voltage in a write-in side through various parasitic
capacitance, and resulting in generating a picture noise,
which reflects switching timing of polarity. Particularly, in
case scanning timing of an image signal and control tim-
ing of switching polarity do not synchronize with each
other, their interference generates random nose and the
random noise appears on a screen as a noise intermit-
tently flowing on a screen vertically in a beat shape. Con-
sequently, displaying quality is extremely deteriorated.
[0202] Onthe otherhand, in the case of the timing con-
trol method according to the fourth embodiment of the
present invention, as shown in FIGs. 13(a)-13(h), each
polarity switching operation of the load characteristic con-
trol signal of the line B shown in FIG. 13(d), the positive
switch control signal of the line S+ shown in FIG. 13(e),
the negative switch control signal of the line S- shown in
FIG. 13(f) respectively synchronize with the vertical sync
signal VD shown in FIG. 13(a). Consequently, during the
n-line horizontal scanning period "n-hsp" from a first line
to an n-th line, the AC voltage VLC applied to an liquid
crystal layer shown in FIG. 13(h) is constantly maintained
in positive, wherein the pixel driving electrode voltage
VPE shown in FIG. 13(g) is also maintained in positive
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and the common electrode voltage Vcom is maintained
in negative.

[0203] Further, during anextn-line horizontal scanning
period "n-hsp" from an (n+1)-th line to a 2n-th line, the
AC voltage VLC applied to the Liquid crystal layer shown
in FIG. 13(h) is constantly maintained in negative, where-
in the pixel driving electrode voltage VPE shown in FIG.
13(g) and the common electrode voltage Vcom is main-
tained in negative and positive respectively.

[0204] Furthermore, with respect to whole scanning
lines, a state of switching polarity at timing for selecting
a line to be scanned is set to a prescribed condition.
[0205] By synchronizing a scanning period of animage
signal with the operation timing of switching polarity as
mentioned above, it is possible to improve deterioration
of displaying quality resulted from picture noise caused
by mutual interference between the switching operation
of polarity and the picture scanning operation.

[0206] It is illustrated in FIGs. 13(a)-13(h) that each
switching phase of the vertical sync signal VD, the hori-
zontal sync signal HD and the common electrode voltage
Vcom, which is a polarity switching basis, is brought in
line at the same time for the purpose of easier under-
standing synchronous relation between the scanning pe-
riod of an image signal and the operation timing of switch-
ing polarity. However, inventive concept of synchronizing
mutual timing is not limited to the above-mentioned meth-
od.

[0207] Forinstance, itis acceptable that switching the
common electrode voltage and phase of switching po-
larity of the pixel driving electrode voltage is designated
in an arbitrary period within a horizontal scanning period
such as an effective period of an image signal and a
horizontal blanking period of an image signal during the
horizontal scanning period of the image signal.

[0208] In other words, by the method of synchronizing
mutual timing according to the fourth embodiment of the
present invention, an arbitrary condition that improve af-
fection of noise caused by interference between the
scanning operation of the image signal and the control
operation of switching polarity enables to be selected with
respect to a relation of mutual phases under a condition
of synchronizing a scanning period of an image signal
with an operation timing period of switching polarity.
[0209] FIG. 14 is a block diagram of a timing control
circuit that realizes the method of synchronous control
between write-in timing of an image signal, that is, scan-
ning timing in the vertical and horizontal directions and
switching timing of polarity of a pixel described in refer-
ence to FIGs. 13(a) - 13(h). In FIG. 14, the same com-
ponent as shown in FIG. 12 is denoted by the same ref-
erence sign and its description is omitted.

[0210] AsshowninFIG. 14, atiming control circuit 120
is composed of a 2n-divider circuit 121, five D-FF 101-105
that are connected in cascade, two inverters 106 and
107, two AND gates 108 and 109 having two input ter-
minals and an EX-OR gate 110. The inverter 106 inverts
a "Q" output signal from the D-FF 102 disposed in the
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second stage of the cascaded flip-flops. The inverter 107
inverts a "Q" output signal from the D-FF 105 disposed
in the fifth stage of the cascaded flip-flops. The EX-OR
gate 110 conducts the exclusive OR operation with re-
spect to "Q" output signals from the D-FF 103 and 104.
As a result, the timing control circuit 120 shown in FIG.
14 is similar to the timing control circuit 100 shown in
FIG. 12 except for the 2n-divider circuit 121. In the case
of the timing control circuit 120, a signal divided by the
2n-divider 121 is supplied to the data input terminal "D"
of the D-FF 101 of the timing control circuit 100 shown
in FIG. 12 as a control timing pulse in synchronism with
the switching period of the common electrode voltage
Vcom.

[0211] The 2n-divider circuit 121 is a counter circuit in
which a clock input is the horizontal sync signal HD and
aresetinputis the vertical sync signal VD, and generates
a symmetrical square wave of which polarity is reversed
in a high level or a low level at every time when n-pieces
of horizontal sync signals HD is counted.

[0212] Further, the 2n-dividercircuit121isresetateve-
ry time when the vertical sync signal VD is inputted, so
that a counter output, which synchronizes with the verti-
cal scanning, enables to be obtained.

[0213] A dividing ratio of the 2n-divider circuit 121 is
selected such that a switching period of the divided output
results in a desired polarity reversing period. Conse-
quently, a divided output signal from the 2n-divider circuit
121 enables to be used for a basic timing signal for switch-
ing polarity of a liquid crystal driving voltage. The sym-
metrical square wave outputted from the 2n-divider circuit
121 is inputted into the data terminal D of the D-FF 101
as an original control signal for switching the common
electrode voltage that synchronizes with horizontal and
vertical scanning timing. The succeeding stages after the
D-FF 101 are the same as those of the timing control
circuit 100 shown in FIG. 12, so that further details are
omitted.

[0214] In case a delay circuit that delays a signal for a
prescribed period is inserted between an output terminal
of the 2n-divider circuit 121 and the data input terminal
D of the D-FF 101 although not shown in FIG. 14, phase
of a reference voltage for the horizontal sync signal HD
and a polarity switching timing enables to be shifted by
amount of delay caused by the delay circuit. In this case,
by adjusting the amount of delay, mutual phases enables
to be adjusted while maintaining synchronization be-
tween operation timing of horizontal scanning and switch-
ing operation of polarity. Consequently, it is possible to
select the best condition that reduces noise generated
by the mutual interference between image signal scan-
ning and polarity switching operation minimally.

[0215] According to the fourth embodiment of the
present invention, the horizontal sync signal HD is divid-
ed by the 2n-divider circuit 121 and various timing signals
are synchronously produced on the basis of the divided
signal. However, the timing control circuit is not limited
to the one shown in FIG. 14. Any circuit enables to be
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acceptable as long as synchronous operation of image
signal scanning and polarity switching control that are
fundamental of the timing control method shown in FIGs.
13(a)-13(h) is realized.

[Fifth Embodiment]

[0216] Inreference to FIGs. 15(a)-15(h) and 16, a driv-
ing control method for reversing polarity of a pixel polarity
switching mode at scanning timing with respect to each
scanning line at each vertical scanning period in the proc-
ess of the synchronous operation between write-in timing
of image signal and switching pixel polarity according to
a fifth embodiment of the present invention is described
in detail next.

[0217] FIG. 15(a)is awaveform of a vertical sync signal
VD to be supplied to a liquid crystal display apparatus
corresponding to a vertical scanning period of an image
signal.

[0218] FIG. 15(b) is a waveform of horizontal sync sig-
nal HD corresponding to a horizontal scanning period.

[0219] FIG. 15(c)is a waveform of acommon electrode
voltage Vcom.
[0220] FIG. 15(d)is awaveform of aload characteristic

control signal on a line B.

[0221] FIG. 15(e) is a waveform of a positive switch
control signal on a line S+.

[0222] FIG. 15(f) is a waveform of a negative switch
control signal on a line S-.

[0223] FIG. 15(g) is a waveform of a driving voltage
VPE applied to a pixel driving electrode PE of a pixel
element.

[0224] FIG. 15(h) is a waveform of an AC voltage VLC
applied to a liquid crystal layer.

[0225] FIG. 16 is a block diagram of a timing control
circuit for controlling operation timing shown in FIGs.
15(a)-15(h) according to a fifth embodiment of the
present invention.

[0226] A timing control method according to the fifth
embodiment of the present invention is characterized in
that timing of switching polarity of pixel driving voltage or
controlling timing of switching polarity of common elec-
trode voltage and controlling timing of switching polarity
of pixel driving electrode voltage is conducted to be a
synchronized controlling method so as to maintain a pre-
scribed phase relation with a frequency of the vertical
sync signal VD or vertical scanning period and a frequen-
cy of the horizontal sync signal HD or horizontal scanning
period and further that polarity of a pixel polarity switching
mode is controlled so as to be reversed at each scanning
selection line in a k-th frame and a (k+1)-th frame in which
an input image signal continues.

[0227] InFIGs. 15(a)-15(h), similarly to the timing con-
trol method shown in FIGs.13(a)-13(h), each polarity
switching operation of the load characteristic control sig-
nal of the line B shown in FIG. 15(d), the positive switch
control signal of the line S+ shown in FIG. 15(e) and the
negative switch control signal of the line S- shownin FIG.

10

15

20

25

30

35

40

45

50

55

17

15(f) synchronizes with the vertical sync signal VD shown
in FIG. 15(a).

[0228] Further, in a k-th frame period, during a hori-
zontal scanning period "n-hsp" from a first line to an n-th
line, the AC voltage VLC applied to an Liquid crystal layer
shown in FIG. 15(h) is maintained in positive, wherein
the pixel driving electrode voltage VPE shown in FIG.
15(g) is maintained in positive and the common electrode
voltage Vcom shown in FIG. 15(c) is maintained in neg-
ative.

[0229] Furthermore, during a successive horizontal
scanning period "n-hsp" from an (n+1)-th line to a 2n-th
line, the AC voltage VLC shown in FIG. 15(h) is main-
tained in negative, wherein the pixel driving electrode
voltage VPE shown in FIG. 15(g) and the common elec-
trode voltage Vcom shown in FIG. 15(c) are maintained
in negative and positive respectively.

[0230] More, with respect to whole scanning lines,
switching polarity of pixel driving is controlled at each n-
line scanning period "n-hsp".

[0231] Succeedingly,ina (k+1)-th frame period, during
a horizontal scanning period "n-hsp" from a first line to
an n-th line, the AC voltage VLC shown in FIG. 15(h) is
maintained in negative, wherein the pixel driving elec-
trode voltage VPE shown in FIG. 15(g) is maintained in
negative and the common electrode voltage Vcom shown
in FIG. 15(c) is maintained in positive.

[0232] Further, during a successive horizontal scan-
ning period "n-hsp" from an (n+1)-th line to a 2n-th line
in the (k+1)-th frame period, the AC voltage VLC shown
in FIG. 15(h) is maintained in positive, wherein the pixel
driving electrode voltage VPE shown in FIG. 15(g) and
the common electrode voltage Vcom shownin FIG. 15(c)
are maintained in positive and negative respectively.
[0233] In addition thereto, with respect to whole scan-
ning lines, switching polarity of pixel driving is controlled
at each n-line horizontal scanning period "n-hsp".
[0234] According to the driving control method of the
fifth embodiment of the present invention, during the hor-
izontal scanning period from the first line to the n-th line,
polarity of pixel driving electrode voltage VPE is reversed
at each frame such that polarity of switching pixel circuit
is in positive at the k-th frame and in negative at the
(k+1)-th frame.

[0235] Similarly, during the horizontal scanning period
from the (n+1)-th line to the 2n-th line, polarity of pixel
driving electrode voltage VPE is also reversed at each
frame such that polarity of switching pixel circuitis in neg-
ative at the k-th frame and in positive at the (k+1)-th
frame.

[0236] By the driving control method according to the
fifth embodiment of the present invention conducting the
operation timing control as mentioned above, polarity of
the pixel driving electrode voltage VPE is reversed at
each frame with respect to whole lines when selecting a
pixel line to be scanned. Consequently, polarity of the
pixel driving electrode voltage VPE is reversed at the line
scanning selection timing with respect to each pixel line
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and averaged although display characteristic difference
may occur depending on whether the scanning is con-
ducted while the pixel driving electrode voltage VPE is
in positive orin negative caused by interference between
the scanning operation of image signal and the polarity
switching operation.

[0237] Accordingly, the driving control method accord-
ing to the fifth embodiment of the present invention en-
ables to realize that an image is displayed high in quality
and less in interference noise such as a brightness strip
in the horizontal direction caused by various parasitic ca-
pacitance between the scanning operation of image sig-
nal and the polarity switching operation.

[0238] AsshowninFIG. 16, atiming control circuit 130
is composed of a 2n-divider circuit 131 for dividing the
horizontal sync signal HD, a polarity control circuit 132,
a D-FF 133, three selector circuit 134-136 and an inverter
137. The polarity control circuit 132 produces various
control signals on the basis of an output signal from the
2n-divider circuit 131. The vertical sync signal VD is in-
putted into a clock terminal of the D-FF 133.

[0239] The 2n-divider circuit 131 is a counter circuit in
which aclockinputis the horizontal sync signal HD shown
in FIG. 15(b) and aresetinputis the horizontal sync signal
VD shown in FIG. 15(a), and generates a symmetrical
square wave of which polarity is reversed in a high level
or a low level at each time when n-pieces of horizontal
sync signals HD is counted. In other words, polarity of
the symmetrical square wave is reversed at each n-line
horizontal scanning period "n-hsp".

[0240] Further, the 2n-divider circuit 131 is reset at
each time when the vertical sync signal VD is inputted,
that is, at each vertical scanning period "vsp". Conse-
quently, a counter output, which synchronizes with the
vertical scanning, enables to be obtained.

[0241] The polarity control circuit 132 has a similar con-
figuration to the timing generator circuit 100 shown in
FIG. 12, and produces various control signals such as S’
(+), S’ (-), B and Vcom’ necessary for polarity switching
control of a pixel driving electrode voltage VPE on the
basis of a reference voltage supplied from the 2n-divider
circuit 131. Hereupon, the control signal S’(+) is a positive
switch control signal, the control signal S’(-) is a negative
switch control signal and the control signal B is a load
characteristic control signal that makes a constant cur-
rent load transistor of a source follower buffer circuit in a
pixel circuit to be active.

[0242] Further, the control signal Vcom’ corresponds
to a common electrode voltage Vcom of a liquid crystal
display element.

[0243] The D-FF 133 is a divide-into-two circuit and
generates a symmetrical square wave of which polarity
is reversed in a high level or a low level at each time
when the vertical sync signal VD is inputted, and then
controls the selector circuits 134-136 by supplying the
symmetrical square wave to each selector terminal of
them as a select signal FRM. In other words, a logical
level of the select signal FRM reverses at each vertical
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sync signal VD period, that is, at each vertical scanning
period "vsp" or at each frame period.

[0244] The selector circuits 134 and 135 receive the
positive switch control signal S’ (+) and the negative
switch control signal S’ (-) respectively as an input signal.
Whenthe selectsignal FRMis in a high level, one selector
circuit selects the positive switch control signal S’(+) and
the other selector selects the negative switch control sig-
nal S'(-). On the other hand, when the select signal FRM
is in a low level, the one selector circuit selects the neg-
ative switch control signal S’(-) and the other selector
selects the positive switch control signal S’(+). Conse-
quently, the selector circuit 134 outputs a positive switch
control signal S(+) of which polarity reverses at each
frame and the selector circuit 135 outputs a negative
switch control signal S(-) of which polarity reverses at
each frame.

[0245] Further, the selector circuit 136 selects either
the control signal Vcom’ or another control signal that is
an inverted control signal Vcom’ by the inverter 137 on
the basis of the select signal FRM, and then outputs the
selected control signal as the common electrode voltage
Vcom.

[0246] As a result, the timing control circuit 130 shown
in FIG. 16 according to the fifth embodiment of the
present invention outputs each control signals shown in
FIGs. 15(c)-15(f). By using the control signals outputted
from the timing control circuit 130, as mentioned above
with reference to FIGs. 15(a)-15(h), writing-in an image
signal, that is, the timing of vertical and horizontal scan-
ning is synchronized with the timing of switching pixel
polarity. At the same time, the polarity of pixel driving
electrode voltage VPE at the timing of line scanning se-
lection is reversed at each frame, and then averaged.
[0247] Accordingly, the timing control circuit 130 ac-
cording to the fifth embodiment of the present invention
enables to realize a liquid crystal display apparatus that
displays an image high in quality and less in interference
noise caused by various parasitic capacitance between
the scanning operation of image signal and the polarity
switching operation.

[0248] In addition, such a timing control circuit is not
limited to the circuit configuration shown in FIG. 16. Any
circuit enables to be applicable as long as the fundamen-
tals of the timing control method mentioned above in ref-
erence to FIGs. 15(a) -15(h) enable to be realized.
[0249] By the liquid crystal display apparatus accord-
ing to each embodiment of the present invention as men-
tioned above, an AC driving frequency of liquid crystal
enables to be freely designated by a reverse control pe-
riod of pixel circuit independently of a vertical scanning
frequency. For instance, with assuming that a vertical
scanning frequency is 60 Hz that is commonly used in a
TV receiver and number of vertical scan lines is 1125
lines, an AC driving frequency of liquid crystal in the liquid
crystal display apparatus according to the present inven-
tion is 2.25 kHz in case a polarity switching period of pixel
circuit is assigned to a 15-line period, wherein 2.25 kHz
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=60 Hz X 1125 + (15 X 2).

[0250] On the other hand, in the case of a conventional
active matrix liquid crystal display apparatus, a vertical
scanning frequency is converted into twice the regular
vertical scanning frequency 60 Hz, that is, 120 Hz by a
frame memory and polarity of image signal is reversed
at each vertical scanning frequency. In such a conven-
tional active matrix liquid crystal display apparatus, an
AC driving frequency of liquid crystal is half the converted
vertical scanning frequency 120 Hz, that is, 60 Hz. Under
such a driving condition as an AC driving frequency is
within a range from tens of Hz to 100 Hz, liquid crystal is
easily affected by residual electric charge, and resulting
in problem of deteriorating reliability and stability.
[0251] Further, material characteristics of liquid crystal
are apt to be extremely affected by deteriorated display-
ing quality caused by defective displaying such as blot
resulted from an ion component and a mixed foreign ob-
ject.

[0252] Contrary to the conventional active matrix liquid
crystal display apparatus, as mentioned above, the AC
driving frequency of the active matrix liquid crystal display
apparatus according to the present invention is an ex-
tremely higher frequency than 60 Hz that is the conven-
tional AC driving frequency of the conventional active
matrix liquid crystal display apparatus.

[0253] Accordingly, the active matrix liquid crystal dis-
play apparatus of the present invention enables to im-
prove reliability, stability and displaying quality further-
more than those of the conventional active matrix liquid
crystal display apparatus.

[Sixth Embodiment]

[0254] In reference to FIGs. 17-19(j), a total configu-
ration of a liquid crystal display apparatus and a sampling
circuit or horizontal driver circuit according to a sixth em-
bodiment of the present invention are described in detail
next.

[0255] FIG. 17 is an entire constitutional diagram of a
liquid crystal display apparatus according to the sixth em-
bodiment of the present invention.

[0256] FIG. 18is a block diagram of a horizontal driver
circuit shown in FIG. 17.

[0257] FIGs. 19(a)-19(j) are timing charts for explain-
ing operations of the liquid crystal display apparatus
shown in FIGs. 17 and 18.

[0258] More specifically, FIG.19 (a) is a waveform of
a horizontal sync signal HD. FIG. 19(b) is a waveform of
a plurality of bits of pixel data "DATA" of an image, FIG.
19(c) is a waveform of horizontal clock signal HCK, FIG.
19(d) is a waveform of line data "Line DATA" in one line
period, FIG. 19(e) is a waveform of a clock signal "Count-
CK", FIG. 19(f) is a waveform of reference gradation data
"C-out" exhibiting a value of gradation level, FIG. 19(g)
is a waveform of an analog switch start signal "SW-Start",
FIG. 19(h) shows a waveform "SPk" of switching timing
of analog switch, FIG. 19(i) is a waveform of a positive
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reference ramp voltage "Ref_Ramp (+)" and FIG. 19(j)
is a waveform of a negative reference ramp voltage
"Ref_Ramp (-)".

[0259] InFIG.17,aliquidcrystal display apparatus 200
is composed of two shift resistor circuits 201a and 201b,
a 1-line latch circuit 202, a comparator 203, a gradation
counter 204, a plurality of analog switches 205, a plurality
of pixel circuits 206, a timing generator 207, a polarity
switching control circuit 208 and a vertical shift register
& level shifter 209. The plurality of pixel circuits 206 is
disposed in matrix such as m-pieces in the horizontal
direction and n-pieces in the vertical direction.

[0260] The shift resistor circuits 201a and 201b, the 1-
line latch circuit 202, the comparator 203 and the grada-
tion counter 204 constitute a horizontal driver circuit. The
horizontal driver circuit corresponds to the horizontal driv-
er circuit 10 in FIG. 2 and constitutes a data line driving
circuit together with the analog switches 205. The data
line driving circuit is also shown in FIG. 18.

[0261] In addition, the comparator 203 is illustrated
with just one block in FIG. 17 for the purpose of simplifi-
cation. However, the comparator 203 is actually provided
at each pixel row as shown in FIG. 18.

[0262] Each ofthe analog switches 205 shownin FIGs.
17 and 18 is constituted by one pair of two analog switch-
es for sampling (hereinafter referred to as sampling
switch) such as one for positive and the other for nega-
tive, and disposed at each pixel row. The positive sam-
pling switch corresponds to the switches (S1-1a) -
(S1-2a) shown in FIG. 2 and the negative sampling switch
corresponds to the switches (S1-1b) - (S1-2b). The pixel
circuit 206 is disposed at an intersection of two systems
of data lines (D1+ and D1-) - (Dm+ and Dm-) and gate
lines G1-Gn. Each of the (nxm) pieces of pixel circuits
206 is constituted as the same circuitry as shown in FIG.
3orinFIG. 4.

[0263] The polarity switching control circuit 208 out-
puts a positive switch control signal, a negative switch
control signal and a load characteristic control signal to
the line S+, the line S- and the line B respectively in ac-
cordance with atiming signal emitted from the timing gen-
erator 207. The timing generator 207 emits the respective
control signals on the basis of a polarity control signal
"Pol-CTL" supplied externally. In addition, the polarity
switching control circuit 208 is constituted as the same
circuitry as shown in FIG. 12, 14 or 16.

[0264] The vertical shift register & level shifter 209 cor-
responds to the vertical driver circuit 20 shown in FIG. 2.
[0265] Further, in one horizontal scanning period, the
vertical shift register & level shifter 209 outputs a gate
signal sequentially to the gate lines G1-Gn on the basis
of a driving pulse signal "VST’ supplied externally at each
time when first and second clock
signals "VCK1" and "VCK2" are inputted. Then the ver-
tical shift register & level shifter 209 sequentially selects
the gate lines G1-Gn in one horizontal scanning period.
[0266] Furthermore, the vertical shift register & level
shifter 209 controls the vertical scanning direction such
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as downward from top to bottom and upward from bottom
to top onthe basis of an up/down control signal"UD_CTL"
supplied externally.

[0267] In reference to FIGs. 19(a)-19(j), operations of
the liquid crystal display apparatus 200 show in FIGs. 17
and 18 are detailed next.

[0268] A plurality of bits of pixel data "DATA" shown in
FIG. 19(b), which synchronizes with the horizontal sync
signal HD shown in FIG. 19(a), is synthesized in time
sequence, and then resulted in a digital image signal.
The digital image signal is sequentially expanded by the
shift registers 201a and 201b as one line of data, and
then latched by the 1-line latch circuit 202 when expand-
ing one line is completed.

[0269] Further, as shown in FIG. 19(b), the plurality of
bits of pixel data "DATA" is composed of a blanked pixel
data bit and a hatched pixel data bit alternately disposed
in an array. Each of blanked pixel data bits disposed at
an even row in the horizontal direction (hereinafter re-
ferred to as even data) is supplied to the shift register
201a and each of hatched pixel data bits disposed at an
odd row in the horizontal direction (hereinafter referred
to as odd data) is supplied to the shift register 201b. The
above-mentioned supplying method of the pixel data
"DATA" is for the purpose of easier application to a high-
speed operation in a high-resolution panel.

[0270] The 1-linelatchcircuit 202 stores one line period
ofthe pixel data "DATA" in the same line thatis composed
of even data outputted from the shift register 201a and
odd data from the shift register 201b and formed in a
pattern exemplary shown in FIG. 19(d) as data "Line-
DATA", and then supplies the data "Line-DATA" to a first
data input section of the comparator 203 in each pixel
row. The 1-line latch circuit 202 is controlled by a latch
set control signal "H_REG-SET" supplied externally.
[0271] The gradation counter 204 counts the clock sig-
nal "Count-CK" shown in FIG. 19(e) and outputs the ref-
erence gradation data "C-out" shownin FIG. 19(f) ateach
horizontal scanning period. Then the gradation counter
204 supplies the reference gradation data "C-out" to a
second data input section of the comparator 203 in each
pixel row.

[0272] Further, the gradation counter 204 is reset at
each horizontal scanning period by a reset signal "Count-
Reset" supplied externally.

[0273] Furthermore, the reference gradation data "C-
out" is such data as a plurality of gradation values se-
quentially varies from a minimum value "0" to a maximum
value within the horizontal scanning period as shown in
FIG. 19(f).

[0274] The comparator 203 compares a value of the
pixel data "DATA" inputted into the first input terminal
and a value of the reference gradation data "C-out" or a
gradation value inputted into the second input terminal,
and produces a coincident pulse at each timing when
both values coincide with each other on the basis of a
clock signal "Comp-CK", and then output the coincide
pulse.
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[0275] The positive sampling switch out of one pair of
positive and negative sampling switches constituting the
analog switches 205 is supplied with the reference ramp
voltage Ref_Ramp (+) shown in FIG. 19(i) to an input
side common line. On the other hand, the negative sam-
pling switch is supplied with the reference ramp voltage
Ref_Ramp (-) shown in FIG. 19(j) to an input side com-
mon line. These reference ramp voltages Ref_Ramp (+)
and Ref_Ramp (-) are generated by a reference voltage
generator circuit installed in the controller 60 shown in
FIG. 2. AsshowninFIG. 19(i), the reference ramp voltage
Ref_Ramp (+) is a periodic sweep signal of which level
increases from a black level of image to a white level in
accordance with elapsed time within the horizontal scan-
ning period. On the other hand, the reference ramp volt-
age Ref_Ramp (-) is also a periodic sweep signal of which
level decreases from a black level of image to a white
level in accordance with elapsed time within the horizon-
tal scanning period. Consequently, the reference ramp
voltages Ref_Ramp (+) and Ref_Ramp (-) are in relation
of reverse with respect to a prescribed reference poten-
tial.

[0276] The analog switches 205 are supplied with the
"SW-Start" signal shown in FIG. 19(g) and simultaneous-
ly switched ON at the start time of the horizontal scanning
period, and then controlled so as to be shifted to an OFF
state when the coincident pulse is supplied from the com-
parator 203. In the timing charts shown in FIGs. 19(a)-
19(j), On-OFF timing of an analog switch 205 disposed
in a pixel row corresponding to the pixel data "DATA" at
a gradation level "r" of the reference gradation data "C-
out" is exemplarily shown as the waveform "Spk" in FIG.
19(h). Consequently, action levels "P" and "Q" shown in
FIGs. 19(i) and (j) of the reference ramp voltages
Ref_Ramp (+) and Ref_Ramp (-) are simultaneously
sampled at the time when the one pair of positive and
negative sampling switches constituting the analog
switch 205 in the pixel row are simultaneously switched
OFF by the coincident pulse, and then the sampled data
are outputted to each pair of pixel data lines D1 (+) - Dm
(+) and D1 (-) - Dm (-) corresponding to the pixel row.
[0277] As mentioned above, the horizontal driver cir-
cuit according to the sixth embodiment of the present
invention enables to supply positive and negative pixel
data to each pixel even in a simple configuration.
[0278] Further, by the horizontal driver circuit accord-
ing to the sixth embodiment of the present invention, an
image signal enables to be interfaced with the liquid crys-
tal display apparatus shown in FIG. 17 in a digital signal,
so that it is not necessary to install an analog circuit block
for processing in high accuracy a broadband image sig-
nal as an external driving circuit. Consequently, neces-
sary cost for circuitry enables to be reduced.

[Seventh Embodiment]

[0279] InreferencetoFIG. 20, anotherhorizontaldriver
circuit of the liquid crystal display apparatus according
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to a seventh embodiment of the present invention is de-
scribed in detail next.

[0280] FIG. 20 is a block diagram of another horizontal
driver circuit of the liquid crystal display apparatus ac-
cording to the seventh embodiment of the present inven-
tion.

[0281] The other horizontal driver circuit shown in FIG.
20 is the same as the horizontal driver circuit shown in
FIG. 18 except for number of electric supply lines of ref-
erence ramp voltages, so that the same components as
shown in FIG. 18 are denoted by the same reference
signs and their details are omitted.

[0282] As shown in FIG. 20, the other horizontal driver
circuit is provided with four lines for two pairs of positive
and negative reference ramp voltages Ref_Ramp1 (+) -
Ref_Ramp1 (-) and Ref_Ramp2 (+) - Ref_Ramp2 (-).
[0283] InFIG. 20, one positive reference ramp voltage
Ref_Ramp1 (+) is supplied to each input terminal of each
analog switch 205a corresponding to each pixel in an
even-numbered row in the horizontal direction and the
other positive reference ramp voltage Ref_Ramp2 (+) is
supplied to each input terminal of each analog switch
205b corresponding to each pixel in an odd-numbered
row in the horizontal direction.

[0284] Similarly, one negative reference ramp voltage
Ref_Ramp1 (-) is supplied to each input terminal of each
analog switch 205a corresponding to each pixel in an
even-numbered row in the horizontal direction and the
other negative reference ramp voltage Ref_Ramp2 (-) is
supplied to each input terminal of each analog switch
205b corresponding to each pixel in an odd-numbered
row in the horizontal direction.

[0285] Inthe case of the horizontal driver circuit shown
in FIG. 18, during a period while an analog switch 205 in
a pixel row corresponding to a gradation level equivalent
to displaying a flat gray screen is shifted to an OFF-state,
whole analog switches 205 stay a period of ON-state.
During the continuing ON period, a pixel data line of an
output side of an analog switch 205 functions as load
with respect to a reference ramp voltage line. Conse-
quently, when displaying a flat gray screen, the load
makes a waveform of a reference ramp voltage delay
and brightness of original gray screen may be decreased.
[0286] On the other hand, in the case of displaying an
image mixed with gray and black in the horizontal direc-
tion, analog switches 205 in pixel rows corresponding to
a black area are switched OFF first and load to the ref-
erence ramp voltage line is cut-off from the analog switch-
es 205, and resulting in reducing the load. Then, bright-
ness of gray area increases. Consequently, a gray area
displayed on both sides of a black area is made to be
brighter than a gray area evenly displayed in whole areas
in the horizontal direction, so that an image noise in a
so-called horizontal pulling shape may occur.

[0287] Contrary to the horizontal driver circuit shown
in FIG. 18, in the case of the horizontal driver circuit
shown in FIG, 20, the reference ramp voltage line is di-
vided into two groups, so that load to each reference
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ramp voltage line is reduced during the ON period while
the analog switches 205a and 205b in each pixel row are
in the ON period, and resulting in reducing delay of a
waveform of the reference ramp voltage. Consequently,
the horizontal driver circuit shown in FIG. 20 enables to
realize displaying characteristics high in image quality
and low in noise.

[0288] Further, two groups of reference ramp voltage
lines are illustrated in FIG. 20. However, increasing
number of groups enables to conduct excellent display-
ing characteristics furthermore.

[Eighth Embodiment]

[0289] In reference to FIG. 21, circuitry and a method
of supplying a reference voltage to a horizontal driver
circuitin the liquid crystal display apparatus according to
a eighth embodiment of the present invention is de-
scribed in detail next.

[0290] FIG. 21 is a constitutional diagram of supplying
a reference voltage to a horizontal driver circuit in the
liquid crystal display apparatus according to a eighth em-
bodiment of the present invention. The constitutional di-
agram shown in FIG. 21 is similar to that shown in FIG.
18, so that the same components as shown in FIG. 18
are denoted by the same reference number and their
details are omitted.

[0291] AsshowninFIG. 21, aplurality of feeding points
X1, X2, Y1 and Y2 are provided on electric supply lines
L1 and L2 for a reference ramp voltage to be supplied to
the analog switches 205 constituting the horizontal driver
circuit shown in FIG. 18, wherein the feeding points X1,
X2, Y1 and Y2 are individually disposed in a longitudinal
direction of the electric supply lines L1 and L2.

[0292] Further, the feeding points X1 and X2 are con-
nected to an input terminal of the positive reference ramp
voltage Ref_Ramp (+) provided in an input terminal sec-
tion 221 and the feeding points Y1 and Y2 are connected
to another input terminal of the negative reference ramp
voltage Ref_Ramp (-) provided in the input terminal sec-
tion 221. By this configuration, wiring length of electric
supply line of the reference ramp voltage enables to be
shortened, and resulting in reducing a resistance com-
ponent of the electric supply line of the reference ramp
voltage.

[0293] Accordingly, displaying characteristic is im-
proved higher in displaying quality and low in visible
noise.

[0294] As mentioned above, according to the present
invention, liquid crystal enables to be driven in a higher
speed without increasing a write-in frequency with re-
spect to a pixel, so that a DC component between the
pixel driving electrode and the common electrode ena-
bles to be reduced, and resulting inimprovingimage qual-
ity and reliability of the liquid crystal display apparatus
such as preventing liquid crystal from burn-in. At the
same time, margin of adjusting common electrode volt-
age is increased, and resulting in improving productivity
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also.

[0295] In other words, reliability, stability and display-
ing quality of liquid crystal enables to be significantly im-
proved even though the liquid crystal is driven by a lower
frequency.

[0296] Further, a liquid crystal display apparatus low
in manufacturing cost enables to be realized by effects
of improved fabrication yield and minimized driving cir-
cuit.

[0297] Furthermore, such improvement denotes that
tolerance for characteristic variation of liquid crystal is
increased, and resulting in reducing manufacturing cost.
[0298] While the invention has been described above
with reference to a specific embodiment thereof, it is ap-
parent that many changes, modifications and variations
in configuration, materials and the arrangement of equip-
ment and devices can be made without departing from
the invention concept disclosed herein.

[0299] Forinstance, in FIG. 21, number of the feeding
points is four and provided on both ends of the electric
supply lines L1 and L2 respectively. However, the
number of feeding points enables to be increased as
needed.

[0300] Further,itis also applicable for the above-men-
tioned plurality of feeding points to combine with a con-
figuration such as dividing a plurality of electric supply
lines for reference ramp voltages into a plurality of groups
as shown in FIG. 20.

[0301] Furthermore, in FIG. 21, number of input termi-
nal sections 221 is just one for each electric supply line
of the reference ramp voltage. However, a plurality of
input terminal sections enables to be assigned, and then
reference ramp voltages enable to be supplied through
the plurality of input terminal sections.

[0302] In addition thereto, it will be apparent to those
skilled in the art that various modifications and variations
could be made in the bearing device and the motor
mounted with the bearing device in the present invention
without departing from the scope of the invention.

Claims
1. Aliquid crystal display apparatus comprising:

a plurality of pixels (30) disposed at each inter-
section of plural pairs of data lines (6-1a, 6-1b)
and a plurality of gate lines (8);

a plurality of switches (S1-1a, S1-1b) provided
to each of the plural pairs of data lines (6-1a,
6-1b) adapted for supplying a positive image sig-
nal to one data line (6-1a) of a pair of data lines
(6-1a, 6-1b) and a negative image signal to the
other data line (6-1b) of the pair of data lines
(6-1a, 6-1b) with respect to each pair of the plural
pairs of data lines (6-1a, 6-1b) sequentially one
by one; and

driver means (10, 20) in the horizontal and ver-
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tical directions adapted for driving the plurality
of switches (S1-1a, S1-1b) in the horizontal di-
rection by each pair of data lines (6-1a, 6-1b)
within a horizontal scanning period and for se-
lecting the plurality of gate lines (8) in the vertical
direction at each horizontal scanning period;
wherein each of the plurality of pixels (30) is pro-
vided with:

a liquid crystal element (4) having a liquid
crystal layer (LCM) sandwiched between a
pixel driving electrode (PE) and a common
electrode (CE) confronting with each other;
a first sampling and holding means (Q1,
Cs1) adapted for sampling the positive im-
age signal and holding a voltage of the sam-
pled positive image signal for a prescribed
period of time;

a second sampling and holding means (Q2,
Cs2) adapted for sampling the negative im-
age signal and holding a voltage of the sam-
pled negative image signal for the pre-
scribed period of time;

first and second switching transistors (Q5,
Q6) adapted for switching a positive image
signal voltage held in the first sampling and
holding means (Q1, Cs1) and a negative
image signal voltage held in the second
sampling and holding means (Q2, Cs2) in
a prescribed period shorter than a vertical
scanning period and supplying the positive
and negative image signal voltages alter-
nately to the pixel driving electrode (PE);

a first buffer amplifier (A1) adapted for con-
vertingimpedance of the positive image sig-
nal voltage held in the first sampling and
holding means (Q1, Cs1); and

a second buffer amplifier (A2) adapted for
converting impedance of the negative im-
age signal voltage held in the second sam-
pling and holding means (Q2, Cs2),
wherein the first switching transistor (Q5) is
controlled by a first control signal (S+), out-
putted by the driver means (10, 20), and the
second switching transistor (Q6) is control-
led by a second control signal (S-), output-
ted by the driver means (10, 20), to switch
the positive and the negative image signal
voltages respectively outputted from the
first and second buffer amplifiers (A1, A2)
alternately within the prescribed period,

characterized in that

each of the first and second buffer amplifiers
(A1, A2) comprises an impedance conversion
transistor (Q3, Q4) and a constant electric cur-
rent load transistor (Q7, Q8) of which the drain
terminal is connected to the source terminal of
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the impedance conversion transistor (Q3, Q4),
the drain terminals of the first and second switch-
ing transistors (Q5, Q6) are connected to the
source terminals of the impedance conversion
transistors (Q3, Q4) respectively, the source ter-
minals of the first and second switching transis-
tors (Q5, Q6) are connected to the pixel driving
electrode (PE), the gate terminal of the first
switching transistor (Q5) is connected to the first
control signal (S+), the gate terminal of the sec-
ond switching transistor (Q6) is connected to the
second control signal (S-), the gate terminals of
the constant electric current load transistors
(Q7,Q8) are commonly connected to a third con-
trol signal (B), and

the driver means (10, 20) comprises a control
means (20) adapted for controlling the third con-
trol signal (B) to make the constant electric cur-
rentload transistors (Q7, Q8) to be intermittently
active in synchronism with switching timing of
the first and second switching transistors (Q5,
Q6) at the prescribed period, wherein the con-
stant electric current load transistors (Q7, Q8)
are commonly controlled by the third control sig-
nal (B) to be active during a limited period of time
only within a conductive period of the first and
second switching transistors (Q5, Q6), wherein
the first control signal (S+), the second control
signal (S-) and the third control signal (B) are
different control signals.

The liquid crystal display apparatus claimed in claim
1, wherein the control means (20) is adapted for con-
trolling a plurality of the constant electric current load
transistors (Q7, Q8) in a plurality of divided groups
(90) so as to be active in time division-wise by each
divided group, wherein each divided group is formed
by a continuing plurality of pixel lines.

The liquid crystal display apparatus claimed in claim
1 further comprising a common electrode voltage
control means (60) adapted for changing a level of
common electrode voltage applied to the common
electrode (CE) to be within two different levels so as
to make an absolute value of potential difference
across the liquid crystal layer (LCM) to be approxi-
mately the same value in synchronism with timing of
switching the positive and negative image signal volt-
ages to be applied to the pixel driving electrode (PE).

The liquid crystal display apparatus claimed in claim
3,

wherein the common electrode voltage control
means (60) is adapted for changing the level of com-
mon electrode voltage applied to the common elec-
trode (CE) so as to be within two different levels prior
to the timing of switching the positive and negative
image signal voltages to be applied to the pixel driv-
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ing electrode (PE).

5. Theliquid crystal display apparatus claimed in claim

1 further comprising:

a pixel inspection switching means (Q10) adapt-
ed for inspecting pixels connected between the
pixel driving electrode (PE) and one data line of
the pair of data lines (6-1a, 6-1b); and

a pixel inspection control means (ANDn-2)
adapted for reading out a pixel driving electrode
voltage from the pixel driving electrode (PE) to
the one data line through the pixel inspection
switching means (Q10) by switching OFF the
pixel inspection switching means (Q10) when
displaying animage while the positive image sig-
nal voltage and the negative image signal volt-
age are alternately switched and supplied to the
pixel driving electrode (PE) or by switching ON
the pixel inspection switching means (Q10)
when inspecting the pixel.

The liquid crystal display apparatus claimed in claim
5,

wherein the pixel inspection control means (ANDn-
2)is adapted for controlling to switch OFF whole pixel
inspection switching means (Q10) disposed in the
plurality of pixels constituting a displaying screen
when displaying the image, and

that the pixel inspection control means (ANDn-2) is
adapted for controlling to switch ON the pixel inspec-
tion switching means (Q10) disposed in each pixel
in the same pixel line out of the plurality of pixels by
each pixel line when inspecting the pixel.

The liquid crystal display apparatus claimed in claim
3 further comprising:

a timing control means (120) adapted for con-
trolling a switching period of the positive and
negative image signal voltages by the first and
second switchingtransistors (Q5, Q6) and a lev-
elchanging period of the common electrode volt-
age by the common electrode voltage control
means (60, 100) to be N-times a horizontal scan-
ning period that is a selection period of the plu-
rality of gate lines (8), where N is an arbitrary
natural number, and for controlling reference
timing of starting vertical scanning to be operat-
ed in a prescribed phase relation at each frame.

The liquid crystal display apparatus claimed in claim
7,

wherein the timing control means (120) is adapted
for controlling mutual timing of switching the pixel
driving electrode voltage and the common electrode
voltage to make polarity of the level changing period
of the common electrode voltage and polarity of the
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switching period of the pixel driving electrode voltage
to be reversed at each scanning frame during a pe-
riod of writing the image signal into each pixel in a
continuing plurality of lines within a same polarity
period in a polarity reversing control period.

A driving method of a liquid crystal display apparatus
comprising the steps of:

first sampling for sampling a driving voltage cor-
responding to a positive image signal to be
transmitted through one data line (6-1a) of each
pair of datalines (6-1a, 6-1b) in each of a plurality
of pixels disposed at each intersection of plural
pairs of data lines (6-1a, 6-1b) and a plurality of
gate lines (8) and first holding for holding the
sampled driving voltage for a prescribed period
of time;

second sampling for sampling a driving voltage
corresponding to a negative image signal to be
transmitted through the other data line (6-1b) of
each pair of data lines (6-1a, 6-1b) in each of
the plurality of pixels disposed at each intersec-
tion of the plural pairs of data lines (6-1a, 6-1b)
and the plurality of gate lines (8) and second
holding for holding the sampled driving voltage
for the prescribed period of time;
firstimpedance converting for making afirst buff-
er amplifier (A1) convert impedance of the held
positive image signal voltage;

second impedance converting for making a sec-
ond buffer amplifier (A2) convert impedance of
the held negative image signal voltage; and
applying pixel driving electrode voltage through
switching, by first and second switching transis-
tors (Q5, Q6), the positive and negative image
signal voltages, of which impedance is convert-
ed through the impedance conversion process-
es in the steps of first and second impedance
converting, alternately within a prescribed peri-
od shorter than a vertical scanning period and
supplying the positive and negative image signal
voltages alternatively to a pixel driving electrode
(PE) of each pixel disposed in the plurality of
pixels,

characterized in that

each of the first and second buffer amplifiers
(A1, A2) comprises an impedance conversion
transistor (Q3, Q4) and a constant electric cur-
rent load transistor (Q7, Q8) of which the drain
terminal is connected to the source terminal of
the impedance conversion transistor (Q3, Q4),
the drain terminals of the first and second switch-
ing transistors (Q5, Q6) are connected to the
source terminals of the impedance conversion
transistors (Q3, Q4) respectively, the source ter-
minals of the first and second switching transis-
tors (Q5, Q6) are connected to the pixel driving
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electrode (PE), the gate terminal of the first
switching transistor (Q5) is connected to a first
control signal (S+), the gate terminal of the sec-
ond switching transistor (Q6) is connected to a
second control signal (S-), and the gate termi-
nals of the constant electric current load transis-
tors (Q7, Q8) are commonly connected to a third
control signal (B),

the method further comprises the step of
controlling the third control signal (B) to make
the constant electric current load transistors
(Q7, Q8) to be intermittently active in synchro-
nism with switching timing of the first and second
switching transistors (Q5, Q6) at the prescribed
period, wherein the constant electric current
load transistors (Q7, Q8) are commonly control-
led by the third control signal (B) to be active
during a limited period of time only within a con-
ductive period of the first and second switching
transistors (Q5, Q6), wherein the first control sig-
nal (S+), the second control signal (S-) and the
third control signal (B) are different control sig-
nals.

10. The driving method of a liquid crystal display appa-
ratus claimed in claim 9 further comprising the step

time division controlling for controlling each con-
stant electric current load transistor (Q7, Q8) of
the first and second buffer amplifiers (A1, A2) in
a plurality of divided groups to be active in time
division-wise by each divided group, wherein
each divided group is formed by a continuing
plurality of pixel lines.

11. The driving method of a liquid crystal display appa-
ratus claimed in claim 9 further comprising the step

common electrode voltage controlling forchang-
ing a level of common electrode voltage applied
toa common electrode (CE) confronting with the
pixel driving electrode (PE) of the pixel element
to be within two different levels so as to make
an absolute value of potential difference across
the liquid crystal layer to be approximately the
same value in synchronism with timing of switch-
ing the positive and negative image signal volt-
ages to be applied to the pixel driving electrode
(PE),

wherein the sampling processes in the step of
first sampling and the step of second sampling
are sequentially conducted after the level of the
common electrode voltage is changed through
the process in the step of common electrode
voltage controlling.
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The driving method of a liquid crystal display appa-
ratus claimed in claim 11 further comprising the step
of:

timing controlling for controlling a switching pe-
riod of the positive and negative image signal
voltagesinthe step of applying pixel driving elec-
trode voltage and a level changing period of the
common electrode voltage in the step of com-
mon electrode voltage controlling to be N-times
a horizontal scanning period that is a selection
period of the plurality of gate lines, where N is
an arbitrary natural number, and for controlling
reference timing of starting vertical scanning to
be operated in a prescribed phase relation at
each frame.

The driving method of a liquid crystal display appa-
ratus claimed in claim 12,

wherein the step of timing controlling controls mutual
timing of switching the step of applying pixel driving
electrode voltage and the step of common electrode
voltage controlling to make polarity of the level
changing period of the common electrode voltage
and polarity of the switching period of the pixel driving
electrode voltage to be reversed at each scanning
frame during a period of writing the image signal into
each pixel in a continuing plurality of lines within a
same polarity period in a polarity reversing control
period.

The driving method of a liquid crystal display appa-
ratus claimed in claim 11,

wherein the level of common electrode voltage ap-
plied to the common electrode (CE) is changed so
as to be within two different levels in the step of com-
mon electrode voltage controlling prior to the timing
of switching the positive and negative image signal
voltages to be applied to the pixel driving electrode
(PE) in the step of applying pixel driving electrode
voltage.

Patentanspriiche

1.

Flussigkristallanzeigevorrichtung, umfassend:

eine Vielzahl von Pixeln (30), die an jedem
Schnittpunkt von mehreren Paaren von Daten-
leitungen (6-1 a, 6-1 b) und einer Vielzahl von
Gateleitungen (8) angeordnet ist;

eine Vielzahl von Schaltern (S1-1 a, S1-1b), die
fur jedes der mehreren Paare von Datenleitun-
gen (6-1 a, 6-1b) bereitgestelltist und ausgelegt
ist, um ein positives Bildsignal an eine Datenlei-
tung (6-1 a) eines Paars von Datenleitungen
(6-1a, 6-1b) und ein negatives Bildsignal an die
andere Datenleitung (6-1 b) des Paars von Da-
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tenleitungen (6-1 a, 6-1 b) mit Bezug auf jedes
Paar der mehreren Paare von Datenleitungen
(6-1 a, 6-1 b) sequentiell nacheinander zu lie-
fern; und

Treibermittel (10, 20) in die horizontale und ver-
tikale Richtung, die ausgelegt sind, um die Viel-
zahl von Schaltern (S1-1 a, S1-1 b) in die hori-
zontale Richtung durch jedes Paar von Daten-
leitungen (6-1 a, 6-1 b) innerhalb einer horizon-
talen Abtastperiode zu treiben und um die Viel-
zahl von Gateleitungen (8) in die vertikale Rich-
tung bei jeder horizontalen Abtastperiode zu
wahlen;

wobei jedes Pixel der Vielzahl von Pixeln (30)
versehen ist mit:

einem Flussigkristallelement (4) mit einer
Flussigkristallschicht (LCM), die zwischen
eine Pixeltreiberelektrode (PE) und eine ge-
meinsame Elektrode (CE), die einander ge-
geniiberstehen, eingelegt ist;

einem ersten Abtast- und Haltemittel (Q1,
Cs1), das ausgelegt ist, um das positive
Bildsignal abzutasten und um eine Span-
nung des abgetasteten positiven Bildsig-
nals eine vorgeschriebene Zeitspanne lang
zu halten;

einem zweiten Abtast- und Haltemittel (Q2,
Cs2), das ausgelegt ist, um das negative
Bildsignal abzutasten und um eine Span-
nung des abgetasteten negativen Bildsig-
nals die vorgeschriebene Zeitspanne lang
zu halten;

ersten und zweiten Schalttransistoren (Q5,
Q6), die ausgelegt sind, um eine positive
Bildsignalspannung, die in dem ersten Ab-
tast- und Haltemittel (Q1, Cs1) gehalten
wird, und eine negative Bildsignalspan-
nung, die in dem zweiten Abtast- und Hal-
temittel (Q2, Cs2) gehalten wird, in einer
vorgeschriebenen Periode, die kirzer als
eine vertikale Abtastperiode ist, zu schal-
ten, und um die positiven und negativen
Bildsignalspannungen abwechselnd an die
Pixeltreiberelektrode (PE) zu liefern;
einem ersten Pufferverstarker (A1), der
ausgelegt ist, um eine Impedanz der posi-
tiven Bildsignalspannung, die in dem ersten
Abtast- und Haltemittel (Q1, Cs1) gehalten
wird, zu wandeln; und

einem zweiten Pufferverstarker (A2), der
ausgelegt ist, um eine Impedanz der nega-
tiven Bildsignalspannung, die in dem zwei-
ten Abtast- und Haltemittel (Q2, Cs2) ge-
halten wird, zu wandeln,

wobei der erste Schalttransistor (Q5) durch
ein erstes Steuerungssignal (S+) gesteuert
wird, das von den Treibermitteln (10, 20)
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ausgegeben wird, und der zweite Schalt-
transistor (Q6) durch ein zweites Steue-
rungssignal (S-) gesteuert wird, das von
den Treibermitteln (10, 20) ausgegeben
wird, um die positiven und die negativen
Bildsignalspannungen, die jeweils von dem
ersten und zweiten Pufferverstarker (A1,
A2) ausgegeben werden, abwechselnd in-
nerhalb der vorgeschriebenen Periode zu
schalten,

dadurch gekennzeichnet, dass

der erste und zweite Pufferverstarker (A1, A2)
jeweils einen Impedanzwandlungstransistor
(Q3, Q4) und einen Lasttransistor (Q7, Q8) fiir
einen elektrischen Konstantstrom umfasst, des-
sen Drain-Anschluss mit dem Source-An-
schluss des Impedanzwandlungstransistors
(Q3, Q4) verbunden ist, wobei die Drain-An-
schlisse des ersten und zweiten Schalttransis-
tors (Q5, Q6) jeweils mit den Source-Anschlis-
sen der Impedanzwandlungstransistoren (Q3,
Q4) verbunden sind, die Source-Anschliisse
des ersten und zweiten Schalttransistors (Q5,
Q6) mit der Pixeltreiberelektrode (PE) verbun-
den sind, der Gate-Anschluss des ersten Schalt-
transistors (Q5) mit dem ersten Steuerungssig-
nal (S+) verbunden ist, der Gate-Anschluss des
zweiten Schalttransistors (Q6) mit dem zweiten
Steuerungssignal (S-) verbunden ist, die Gate-
Anschliisse der Lasttransistoren (Q7, Q8) fir ei-
nen elektrischen Konstantstrom gemeinsam mit
einem dritten Steuerungssignal (B) verbunden
sind, und

die Treibermittel (10, 20) ein Steuerungsmittel
(20) umfassen, das ausgelegt ist, um das dritte
Steuerungssignal (B) zu steuern, um zu veran-
lassen, dass die Lasttransistoren (Q7, Q8) fiir
einen elektrischen Konstantstrom synchron mit
einem Schaltzeitpunkt des ersten und zweiten
Schalttransistors (Q5, Q6) mit der vorgeschrie-
benen Periode zeitweise aktiv sind, wobei die
Lasttransistoren (Q7, Q8) fir einen elektrischen
Konstantstrom gemeinsam dadurch gesteuert
werden, dass das dritte Steuerungssignal (B)
nur eine begrenzte Zeitspanne lang innerhalb
einer leitfahigen Periode des ersten und zweiten
Schalttransistors (Q5, Q6) aktiv ist, wobei das
erste Steuerungssignal (S+), das zweite Steue-
rungssignal (S-) und das dritte Steuerungssig-
nal (B) unterschiedliche Steuerungssignale
sind.

Flussigkristallanzeigevorrichtung nach Anspruch 1,
wobei das Steuerungsmittel (20) ausgelegt ist, um
eine Vielzahl der Lasttransistoren (Q7, Q8) fir einen
elektrischen Konstantstrom in einer Vielzahl unter-
teilter Gruppen (90) zu steuern, so dass sie fir jede
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unterteilte Gruppe in der Art des Zeitmultiplex aktiv
sind, wobei jede unterteilte Gruppe durch eine fort-
laufende Vielzahl von Pixelleitungen gebildet ist.

Flussigkristallanzeigevorrichtung nach Anspruch 1,
ferner ein Steuerungsmittel (60) flr eine gemeinsa-
me Elektrodenspannung umfassend, das ausgelegt
ist, um ein Niveau einer gemeinsamen Elektroden-
spannung zu verandern, die an die gemeinsame
Elektrode (CE) angelegt wird, so dass sie innerhalb
von zwei verschiedenen Niveaus liegt, um zu veran-
lassen, dass ein Absolutwert einer Potentialdifferenz
Uber der Flissigkristallschicht (LCM) in etwa der glei-
che Wert in Synchronisation mit dem Zeitpunkt des
Schaltens der positiven und negativen Bildsignal-
spannungenist, die an die Pixeltreiberelektrode (PE)
angelegt werden sollen.

Flussigkristallanzeigevorrichtung nach Anspruch 3,
wobei das Steuerungsmittel (60) fir eine gemeinsa-
me Elektrodenspannung ausgelegt ist, um das Ni-
veau dergemeinsamen Elektrodenspannung, die an
die gemeinsame Elektrode (CE) angelegt wird, so
zu verandern, dass es innerhalb von zwei verschie-
denen Niveaus liegt, vor dem Zeitpunkt des Schal-
tens der positiven und negativen Bildsignalspannun-
gen, die an die Pixeltreiberelektrode (PE) angelegt
werden sollen.

Flussigkristallanzeigevorrichtung nach Anspruch 1,
ferner umfassend:

ein Pixeluntersuchungsschaltmittel (Q10), das
ausgelegt ist, um Pixel zu untersuchen, die zwi-
schen der Pixeltreiberelektrode (PE) und einer
Datenleitung des Paars von Datenleitungen (6-1
a, 6-1 b) verbunden sind; und

ein Pixeluntersuchungssteuerungsmittel
(ANDnN-2), das ausgelegt ist, um eine Pixeltrei-
berelektrodenspannung von der Pixeltreibere-
lektrode (PE) an die eine Datenleitung durch das
Pixeluntersuchungsschaltmittel (Q10) auszule-
sen, indem das Pixeluntersuchungsschaltmittel
(Q10) ausgeschaltet wird, wenn ein Bild ange-
zeigt wird, wahrend die positive Bildsignalspan-
nung und die negative Bildsignalspannung ab-
wechselnd geschaltet und an die Pixeltreibere-
lektrode (PE) geliefert werden, oder indem das
Pixeluntersuchungsschaltmittel (Q10) einge-
schaltet wird, wenn das Pixel untersucht wird.

6. Flussigkristallanzeigevorrichtung nach Anspruch 5,

wobei das Pixeluntersuchungssteuerungsmittel
(ANDnN-2) ausgelegt ist, um zu steuern, dass das ge-
samte Pixeluntersuchungsschaltmittel (Q10), das in
der Vielzahl von Pixeln angeordnet ist, welche einen
Anzeigebildschirm bilden, ausgeschaltet wird, wenn
das Bild angezeigt wird, und
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dass das Pixeluntersuchungssteuerungsmittel
(ANDnN-2) ausgelegt ist, um zu steuern, dass das Pi-
xeluntersuchungsschaltmittel (Q10), das in jedem
Pixel in der gleichen Pixelleitung aus der Vielzahl
von Pixeln angeordnet ist, durch jede Pixelleitung
eingeschaltet wird, wenn das Pixel untersucht wird.

Flussigkristallanzeigevorrichtung nach Anspruch 3,
ferner umfassend:

ein Zeitpunktsteuerungsmittel (120), das ausge-
legtist, um eine Schaltperiode der positiven und
negativen Bildsignalspannungen durch den ers-
ten und zweiten Schalttransistor (Q5, Q6) und
eine Niveauveranderungsperiode der gemein-
samen Elektrodenspannung durch das Steue-
rungsmittel (60, 100) fir eine gemeinsame Elek-
trodenspannung so zu steuern, dass sie ein N-
faches einer horizontalen Abtastperiode sind,
die eine Wahlperiode der Vielzahl von Gatelei-
tungen (8) ist, wobei N eine willkiirliche naturli-
che Zahl ist, und um einen Referenzzeitpunkt
des Startens des vertikalen Abtastens so zu
steuern, dass er in einer vorbeschriebenen Pha-
senbeziehung bei jedem Frame betrieben wird.

Flussigkristallanzeigevorrichtung nach Anspruch 7,
wobei das Zeitpunktsteuerungsmittel (120) ausge-
legt ist, um einen wechselseitigen Zeitpunkt des
Schaltens der Pixeltreiberelektrodenspannung und
der gemeinsamen Elektrodenspannung so zu steu-
ern, dass veranlasst wird, dass eine Polaritat der Ni-
veauveranderungsperiode der gemeinsamen Elek-
trodenspannung und eine Polaritat der Schaltperio-
de der Pixeltreiberelektrodenspannung bei jedem
Abtastframe wahrend einer Periode des Schreibens
des Bildsignals in jedes Pixel in einer fortlaufenden
Vielzahl von Linien innerhalb einer Periode mit glei-
cher Polaritatin einer Polaritdtsumkehr-Steuerungs-
periode umgekehrt werden.

Treiberverfahren fir eine Flussigkristallanzeigevor-
richtung, das die Schritte umfasst:

erstes Abtasten, um eine Treiberspannung ab-
zutasten, die einem positiven Bildsignal ent-
spricht, das durch eine Datenleitung (6-1 a) je-
des Paars von Datenleitungen (6-1 a, 6-1 b) in
jedem einer Vielzahl von Pixeln tbertragen wer-
den soll, die an jedem Schnittpunkt von mehre-
ren Paaren von Datenleitungen (6-1 a, 6-1 b)
und einer Vielzahl von Gateleitungen (8) ange-
ordnet sind, und erstes Halten, um die abgetas-
tete Treiberspannung eine vorbestimmte Zeit-
spanne lang zu halten;

zweites Abtasten, um eine Treiberspannung ab-
zutasten, die einem negativen Bildsignal ent-
spricht, das durch die andere Datenleitung (6-1
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b) jedes Paars von Datenleitungen (6-1 a, 6-1
b) in jedem der Vielzahl von Pixeln Ubertragen
werden soll, die an jedem Schnittpunkt der meh-
reren Paare von Datenleitungen (6-1 a, 6-1 b)
und der Vielzahl von Gateleitungen (8) angeord-
netsind, und zweites Halten, um die abgetastete
Treiberspannung die vorgeschriebene Zeit-
spanne lang zu halten;

erstes Impedanzwandeln, um zu bewirken, dass
ein erster Pufferverstarker (A1) eine Impedanz
der gehaltenen positiven Bildsignalspannung
wandelt;

zweites Impedanzwandeln, um zu bewirken,
dass ein zweiter Pufferverstarker (A2) eine Im-
pedanz der gehaltenen negativen Bildsignal-
spannung wandelt; und

Anlegen einer Pixeltreiberelektrodenspannung
durch Schalten durch erste und zweite Schalt-
transistoren (Q5, Q6) der positiven und negati-
ven Bildsignalspannungen, deren Impedanz
durch die Impedanzwandlungsprozesse in den
Schritten der ersten und zweiten Impe-
danzwandlung gewandelt wird, abwechselnd in
einer vorgeschriebenen Periode, die kirzer als
eine vertikale Abtastperiode ist, und Liefern der
positiven und negativen Bildsignalspannungen
abwechselnd an eine Pixeltreiberelektrode (PE)
eines jeden Pixels, das in der Vielzahl der Pixel
angeordnet ist,

dadurch gekennzeichnet, dass

jeder der ersten und zweiten Pufferverstarker
(A1, A2) einen Impedanzwandlungstransistor
(Q3, Q4) und einen Lasttransistor (Q7, Q8) fir
einen elektrischen Konstantstrom umfasst, des-
sen Drain-Anschluss mit dem Source-An-
schluss des Impedanzwandlungstransistors
(Q3, Q4) verbunden ist, wobei die Drain-An-
schlusse der ersten und zweiten Schalttransis-
toren (Q5, Q6) jeweils mitden Source-Anschlis-
sen der Impedanzwandlungstransistoren (Q3,
Q4)verbunden sind, die Source-Anschlisse der
ersten und zweiten Schalttransistoren (Q5, Q6)
mit der Pixeltreiberelektrode (PE) verbunden
sind, der Gate-Anschluss des ersten Schalttran-
sistors (Q5) mit einem ersten Steuerungssignal
(S+) verbunden ist, der Gate-Anschluss des
zweiten Schalttransistors (Q6) mit einem zwei-
ten Steuerungssignal (S-) verbundenist, und die
Gateanschllsse der Lasttransistoren (Q7, Q8)
fur einen elektrischen Konstantstrom gemein-
sam mit einem dritten Steuerungssignal (B) ver-
bunden sind,

wobei das Verfahren ferner den Schritt umfasst:

Steuern des dritten Steuerungssignals (B)
derart, dass veranlasst wird, dass die Last-
transistoren (Q7, Q8) fur einen elektrischen
Konstantstrom synchron mit einem Schalt-
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zeitpunkt der ersten und zweiten Schalt-
transistoren (Q5, Q6) bei der vorgeschrie-
benen Periode zeitweise aktiv sind, wobei
die Lasttransistoren (Q7, Q8) fiir einen elek-
trischen Konstantstrom gemeinsam von
dem dritten Steuerungssignal (B) so ge-
steuert werden, dass sie nur wahrend einer
begrenzten Zeitspanne innerhalb einer leit-
fahigen Periode der ersten und zweiten
Schalttransistoren (Q5, Q6) aktiv sind, wo-
bei das erste Steuerungssignal (S+), das
zweite Steuerungssignal (S-) und das dritte
Steuerungssignal (B) verschiedene Steue-
rungssignale sind.

10. Treiberverfahren fiir eine Flussigkristallanzeigevor-

richtung nach Anspruch 9, das ferner den Schritt um-
fasst:

Zeitmultiplexsteuern zum Steuern jedes Last-
transistors (Q7, Q8) fir einen elektrischen Kon-
stantstrom der ersten und zweiten Pufferver-
starker (A1, A2) in einer Vielzahl von unterteilten
Gruppen, um auf die Weise eines Zeitmultiplex
durch jede unterteilte Gruppe aktiv zu sein, wo-
bei jede unterteilte Gruppe durch eine fortlau-
fende Vielzahl von Pixelleitungen gebildet ist.

11. Treiberverfahren fiir eine Flussigkristallanzeigevor-

richtung nach Anspruch 9, das ferner den Schritt um-
fasst:

Steuern einer gemeinsamen Elektrodenspan-
nung, um ein Niveau der gemeinsamen Elektro-
denspannung zu verandern, die an eine ge-
meinsame Elektrode (CE) angelegt wird, die der
Pixeltreiberelektrode (PE) des Pixelelements
gegenuberliegt, so dass sie innerhalb von zwei
verschiedenen Niveaus liegt, um zu bewirken,
dass ein Absolutwert einer Potentialdifferenz
Uber die Flussigkristallschicht hinweg in Syn-
chronisation mit einem Zeitpunkt des Schaltens
der positiven und negativen Bildsignalspannun-
gen, die an die Pixeltreiberelektrode (PE) ange-
legt werden sollen, in etwa den gleichen Wert
aufweist,

wobei die Abtastprozesse bei dem Schritt des
ersten Abtastens und dem Schritt des zweiten
Abtastens sequentiell durchgefiihrt werden,
nachdem das Niveau der gemeinsamen Elek-
trodenspannung durch den Prozess in dem
Schritt des Steuerns der gemeinsamen Elektro-
denspannung verandert wurde.

12. Treiberverfahren fiir eine Flussigkristallanzeigevor-

richtung nach Anspruch 11, das ferner den Schritt
umfasst:
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Steuern des Zeitpunkts zum Steuern einer
Schaltperiode der positiven und negativen Bild-
signalspannungen im Schritt des Anlegens ei-
ner Treiberelektrodenspannung und einer Ni-
veauveranderungsperiode der gemeinsamen
Elektrodenspannung bei dem Schritt des Steu-
erns der gemeinsamen Elektrodenspannung,
so dass sie ein N-faches einer horizontalen Ab-
tastperiode sind, die eine Wahlperiode der Viel-
zahl von Gateleitungen ist, wobei N eine willkiir-
liche nattirliche Zahl ist, und zum Steuern eines
Referenzzeitpunkts des Startens eines vertika-
len Abtastens, das beijedem Frame in einer vor-
geschriebenen Phasenbeziehung betrieben
werden soll.

Treiberverfahren flr eine Fllssigkristallanzeigevor-
richtung nach Anspruch 12,

wobei der Schritt des Steuerns des Zeitpunkts einen
wechselweisen Zeitpunkt des Schaltens des Schritts
des Anlegens der Pixeltreiberelektrodenspannung
und den Schritt des Steuerns der gemeinsamen
Elektrodenspannung steuert, um zu bewirken, dass
die Polaritdt der Niveauveranderungsperiode der
gemeinsamen Elektrodenspannung und die Polari-
tat der Schaltperiode der Pixeltreiberelektroden-
spannung bei jedem Abtastframe wahrend einer Pe-
riode des Schreibens des Bildsignals in jedes Pixel
in einer fortlaufenden Vielzahl von Linien, innerhalb
einer Periode mit gleicher Polaritat in einer Polari-
tatsumkehrsteuerungsperiode umgedreht werden.

Treiberverfahren flr eine Fllssigkristallanzeigevor-
richtung nach Anspruch 11,

wobei das Niveau der gemeinsamen Elektroden-
spannung, die an die gemeinsame Elektrode (CE)
angelegt wird, bei dem Schritt des Steuerns der ge-
meinsamen Elektrodenspannung so verandert wird,
dass es innerhalb von zwei verschiedenen Niveaus
liegt, vor dem Zeitpunkt des Schaltens der positiven
und negativen Bildsignalspannungen, die beim
Schritt des Anlegens der Pixeltreiberelektroden-
spannung an die Pixeltreiberelektrode (PE) angelegt
werden sollen.

Revendications

1.

Appareil  d'affichage a  cristaux

comprenant :

liquides,

une pluralité de pixels (30) disposés a chaque
intersection d’une pluralité de paires de lignes
de données (6-1a, 6-1b) et d’'une pluralité de
paires de lignes de portes (8) ;

une pluralit¢ de commutateurs (S1-1a, S1-1b)
prévus pour chacune de la pluralité de paires de
lignes de données (6-1a, 6-1b) adaptés pour
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fournir un signal d'image positif a une ligne de
données (6-1a) d'une paire de lignes de don-
nées (6-1a, 6-1b) et un signal d'image négatif a
l'autre ligne de données (6-1b) de la paire de
lignes de données (6-1a, 6-1b) aI'égard de cha-
que paire de la pluralité de paires de lignes de
données (6-1a, 6-1b) séquentiellement une par
une ; et

des moyens de pilotage (10, 20) dans les direc-
tions horizontale et verticale, adaptés pour pilo-
ter la pluralité de commutateurs (S1-1a, S1-1b)
dans la direction horizontale par chaque paire
de lignes de données (6-1a, 6-1b) dans une pé-
riode de scannage horizontal et pour sélection-
ner la pluralité de lignes de portes (8) dans la
direction verticale a chaque période de scanna-
ge horizontal ;

dans lequel chacun de la pluralité de pixels (30)
est doté :

d’un élément de cristal liquide (4) ayant une
couche a cristaux liquides (LCM) en sand-
wich entre une électrode de pilotage de
pixel (PE) et une électrode commune (CE)
mutuellement face-a-face ;

d’'un premier moyen d’échantillonnage etde
maintien (Q1, Cs1) adapté pour échantillon-
ner le signal d'image positif et maintenir un
voltage du signal d'image positif échan-
tilonné pendant une période temporelle
prescrite ;

d’'un second moyen d’échantillonnage et de
maintien (Q2, Cs2) adapté pour échantillon-
ner le signal d’image négatif et maintenir un
voltage du signal d’'image négatif échan-
tillonné pendant la période temporelle
prescrite ;

d’'un premier et un second transistor de
commutation (Q5, Q6) adaptés pour com-
muter un voltage de signal d’'image positif
maintenu dans le premier moyen d’échan-
tillonnage et de maintien (Q1, Cs1) et un
voltage de signal d'image négatif maintenu
dans le second moyen d’échantillonnage et
de maintien (Q2, Cs2) dans une période
prescrite plus courte qu’une période de
scannage vertical et pour fournir les volta-
ges de signaux d’image positif et négatif al-
ternativement a I'électrode de pilotage de
pixel (PE) ;

d'un premier amplificateur tampon (A1)
adapté pour convertir 'impédance du volta-
ge de signal d’'image positif maintenu dans
le premier moyen d’échantillonnage et de
maintien (Q1, Cs1) ; et

d'un second amplificateur tampon (A2)
adapté pour convertir 'impédance du volta-
ge du signal d’'image négatif maintenu dans
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le second moyen d’échantillonnage et de
maintien (Q2, Cs2),

dans lequel le premier transistor de com-
mutation (Q5) est commandé par un pre-
mier signal de commande (S+) délivré par
le moyen de pilotage (10, 20), et le second
transistor de commutation (Q6) est com-
mandé par un second signal de commande
(S-) délivré par le moyen de pilotage (10,
20), afin de commuter le voltage de signal
d’'image positif et le voltage de signal d'ima-
ge négatif respectivement délivrés par le
premier et le second amplificateur tampon
(A1, A2) alternativement dans la période
prescrite,

caractérisé en ce que

chacun du premier et du second amplifica-
teur tampon (A1, A2) comprend un transis-
tor de conversion d’'impédance (Q3, Q4) et
un transistor de charge a courant électrique
constant (Q7, Q8) dont la borne de drain est
connectée a la borne de source du transis-
tor de

conversion d'impédance (Q3, Q4), les bor-
nes de drain du premier et du second tran-
sistor de commutation (Q5, Q6) sont con-
nectées aux bornes de source des transis-
tors de conversion d'impédance (Q3, Q4)
respectivement, les bornes de source du
premier et du second transistor de commu-
tation (Q5, Q6) sont connectées a I'électro-
de de pilotage de pixel (PE), la borne de
porte du premier transistor de commutation
(Q5) est connectée au premier signal de
commande (S+), la borne de porte du se-
cond transistor de commutation (Q6) est
connectée au second signal de commande
(S-), les bornes de porte des transistors de
charge a courant électrique constant (Q7,
Q8) sont connectées en commun a un troi-
siéme signal de commande (B), et

le moyen de pilotage (10, 20) comprend un
moyen de commande (20) adapté pour
commander le troisieme signal de comman-
de (B) pour amener les transistors de char-
ge a courant électrique constant (Q7, Q8)
a étre actifs par intermittence en synchro-
nisme avec la temporisation de commuta-
tion du premier et du second transistor de
commutation (Q5, Q6) a la période prescri-
te, dans lequel les transistors de charge a
courant électrique constant (Q7, Q8) sont
commandés en commun par le troisiéme si-
gnal de commande (B) pour étre actifs pen-
dant une période temporelle limitée unique-
ment a l'intérieur d’'une période de conduc-
tion du premier et du second transistor de
commutation (Q5, Q6), dans lequel le pre-



57 EP 2 093 751 B1 58

mier signal de commande (S+), le second
signal de commande (S-) et le troisieme si-
gnal de commande (B) sont des signaux de
commande différents.

Appareil d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel les moyens de commande
(20) sont adaptés a commander une pluralité de tran-
sistors de charge a courant électrique constant (Q7,
Q8) dans une pluralité de groupes divisés (90) de
maniére a étre actifs dans un mode a division tem-
porelle par chaque groupe divisé, dans lequel cha-
que groupe divisé est formé par une pluralité conti-
nue de lignes de pixels.

Appareil d’affichage a cristaux liquides selon la re-
vendication 1, comprenant en outre un moyen de
commande de voltage d’électrode commune (60)
adapté a changer un niveau de voltage d’électrode
commune appliqué a I'élecirode commune (CE)
pour qu’il tombe a l'intérieur de deux niveaux diffé-
rents et de maniére a amener une valeur absolue de
différence de potentiel a travers la couche a cristaux
liquides (LCM) a étre approximativement la méme
valeur en synchronisme avec la temporisation de
commutation des voltages de signaux d’'image po-
sitif et négatif a appliquer a I'électrode de pilotage
de pixel (PE).

Appareil d’affichage a cristaux liquides selon la re-
vendication 3, dans lequel le moyen de commande
de voltage d’électrode commune (60) est adapté a
changer le niveau du voltage d’électrode commune
appliqué a I'électrode commune (CE) de maniére a
tomber a l'intérieur de deux niveaux différents avant
la temporisation de commutation des voltages de
signaux d’image positif et négatif a appliquer al'élec-
trode de pilotage de pixel (PE).

Appareil d’affichage a cristaux liquides selon la re-
vendication 1, comprenant en outre :

un moyen de commutation d’inspection de pixel
(Q10) adapté pour inspecter des pixels connec-
tés entre I'électrode de pilotage de pixel (PE) et
une ligne de données de la paire de lignes de
données (6-1a, 6-1b) ; et

un moyen de commande d’inspection de pixel
(ANDnN-2) adapté pour lire un voltage d’électro-
de de pilotage de pixel depuis I'électrode de pi-
lotage de pixel (PE) vers ladite ligne de données
via le moyen de commutation d’inspection de
pixel (Q10) en commutant a I'arrét le moyen de
commutation d'inspection de pixel (Q10) lors de
I'affichage d’'une image alors que le voltage de
signal d’image positif et le voltage de signal
d’'image négatif sont alternativement commutés
et alimentés a I'électrode de pilotage de pixel
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(PE), ou en commutant en marche le moyen de
commutation d’inspection de pixel (Q10) lors de
I'inspection du pixel.

Appareil d’affichage a cristaux liquides selon la re-
vendication 5, dans lequel le moyen de commande
d’inspection de pixel (ANDn-2) est adapté pour com-
mander en commutant a I'arrétla totalité des moyens
de commutation d’inspection de pixel (Q10) dispo-
sés dans la pluralité de pixels constituant un écran
d’affichage lors de I'affichage de I'image, et

dans lequel le moyen de commande d’inspection de
pixel (ANDnN-2) est adapté pour commander en com-
mutant en marche le moyen de commutation d’ins-
pection de pixel (Q10) disposé dans chaque pixel
dans la méme ligne de pixels parmi la pluralité de
pixels par chaque ligne de pixels lors de l'inspection
des pixels.

Appareil d’affichage a cristaux liquides selon la re-
vendication 3, comprenant en outre :

un moyen de commande de temporisation (120)
adapté pour commander une période de com-
mutation des voltages de signaux d’image po-
sitif et négatif par le premier et le second tran-
sistor de commutation (Q5, Q6) et une période
de changement de niveau du voltage d’électro-
de commune par le moyen de commande de
voltage d’électrode commune (60, 100) pour
étre N-fois une période de scannage horizontal
qui est une période de sélection de la pluralité
de lignes de portes (8), ou N est un nombre na-
turel arbitraire, et pour commander la tempori-
sation de référence du démarrage du scannage
vertical pour étre mis en fonctionnement dans
une relation de phase prescrite a chaque trame.

Appareil d’affichage a cristaux liquides selon la re-
vendication 7, dans lequel le moyen de commande
de temporisation (120) est adapté pour commander
la temporisation mutuelle de commutation du volta-
ge d’électrode de pilotage de pixel et le voltage
d’électrode commune pour amener la polarité de la
période de changement de niveau du voltage d’élec-
trode commune et la polarité de la période de com-
mutation du voltage d’électrode de pilotage de pixel
a étre inversées a chaque trame de scannage pen-
dant une période d’écriture du signal d’'image dans
chaque pixel dans une pluralité de lignes en continu
a l'intérieur d’'une méme période de polarité, dans
une période de commande d’inversion de polarité.

Procédé de pilotage d’un appareil d’affichage a cris-
taux liquides, comprenant les étapes consistant a :

effectuer un premier échantillonnage pour
échantillonner un voltage de pilotage correspon-
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dant a un signal d'image positif a transmettre
viaune ligne de données (6-1a) de chaque paire
de lignes de données (6-1a, 6-1b) dans chaque
pixel d'une pluralité de pixels disposés a chaque
intersection d’une pluralité de paires de lignes
de données (6-1a, 6-1b) et d’'une pluralité de
lignes de porte (8) et effectuer un premier main-
tien pour maintenir le voltage de pilotage échan-
tilonné pendant une période temporelle
prescrite ;

effectuer un second échantillonnage pour
échantillonner un voltage de pilotage correspon-
dant a un signal d'image négatif a transmettre
via l'autre ligne de données (6-1b) de chaque
paire de lignes de données (6-1a, 6-1b) dans
chaque pixel de la pluralité de pixels disposés
a chaque intersection de la pluralité de paires
de lignes de données (6-1a, 6-1b) et la pluralité
de lignes de porte (8) et effectuer un second
maintien pour maintenir le voltage de pilotage
échantillonné pendant la période temporelle
prescrite ;

effectuer une premiére conversion d'impédance
pour amener un premier amplificateur tampon
(A1) aconvertir'impédance du voltage de signal
d’'image positif maintenu ;

effectuer une seconde conversion d'impédance
pour amener un second amplificateur tampon
(A2) aconvertir'impédance du voltage de signal
image négatif maintenu ; et

appliquer un voltage d’électrode de pilotage de
pixel par commutation, au moyen d’'un premier
et d’'un second transistor de commutation (Q5,
Q6), des voltages de signaux d'image positif et
négatif, dont 'impédance est convertie via les
processus de conversion d'impédance dans les
étapes consistant a effectuer une premiére et
seconde conversion d’'impédance, alternative-
ment a l'intérieur d'une période prescrite plus
courte qu’'une période de scannage vertical, et
alimenter les voltages de signaux d’image positif
et négatif alternativement a une électrode de pi-
lotage de pixel (PE) de chaque pixel disposé
dans la pluralité de pixels,

caractérisé en ce que

chacun du premier et du second amplificateur
tampon (A1, A2) comprend un transistor de con-
version d'impédance (Q3, Q4) et un transistor
de charge a courant électrique constant (Q7,
Q8) dont la borne de drain est connectée a la
borne de source du transistor de

conversion d’impédance (Q3, Q4), les bornes
de drain du premier et du second transistor de
commutation (Q5, Q6) sont connectées aux bor-
nes de source des transistors de conversion
d'impédance (Q3, Q4) respectivement, les bor-
nes de source du premier et du second transistor
de commutation (Q5, Q6) sont connectées a
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I’électrode de pilotage de pixel (PE), laborne de
porte du premier transistor de commutation (Q5)
estconnectée aun premier signal de commande
(S+), la borne de porte du second transistor de
commutation (Q6) est connectée a un second
signal de commande (S-), et les bornes de porte
des transistors de charge a courant électrique
constant (Q7, Q8) sont connectées en commun
a un troisieme signal de commande (B),

le procédé comprenant en outre les étapes con-
sistant a commander le troisieme signal de com-
mande (B) pour amener les transistors de char-
ge a courant électrique constant (Q7, Q8) a étre
actifs par intermittence en synchronisme avec
la temporisation de commutation du premier et
du second transistor de commutation (Q5, Q6)
alapériode prescrite, dans lequel les transistors
de charge a courant électrique constant (Q7,
Q8) sont commandés en commun par le troisiée-
me signal de commande (B) pour étre actifs pen-
dant une période temporelle limitée uniquement
al'intérieur d’'une période de conduction du pre-
mier et du second transistor de commutation
(Q5, Q6), dans lequel le premier signal de com-
mande (S+), le second signal de commande (S-)
etle troisiéme signal de commande (B) sont des
signaux de commande différents.

10. Procédé de pilotage d’'un appareil d’affichage a cris-
taux liquides selon la revendication 9, comprenant
en outre I'étape consistant a :

effectuer une commande a division temporelle
pour commander chaque transistor de charge a
courant électrique constant (Q7, Q8) du premier
et du second amplificateur tampon (A1, A2)
dans une pluralité de groupes divisés pour étre
actif dans un mode a division temporelle par
chaque groupe divisé, dans lequel chaque grou-
pe divisé est formé par une pluralité continue de
lignes de pixels.

11. Procédé de pilotage d’'un appareil d’affichage a cris-
taux liquides selon la revendication 9, comprenant
en outre I'étape consistant a :

effectuer une commande du voltage d’électrode
commune pour changer un niveau du voltage
d’électrode commune appliqué a une électrode
commune (CE) en face de I'électrode de pilota-
ge de pixel (PE) de I'élément de pixel pour qu’il
tombe a l'intérieur de deux niveaux différents,
de maniere a amener une valeur absolue de dif-
férence de potentiel a travers la couche de cris-
taux liquides a étre approximativement la méme
valeur en synchronisme avec la temporisation
de commutation des voltages de signaux d’ima-
ge positif et négatif a appliquer a I'électrode de
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pilotage de pixel (PE),

dans lequel les processus d’échantillonnage
dans I'étape consistant a effectuer un premier
échantillonnage et I'étape consistant a effectuer
un second échantillonnage sont menés en sé-
quence aprés avoir changé le niveau du voltage
d’électrode commune via le processus dans
I'étape consistant a commander le voltage
d’électrode commune.

Procédeé de pilotage d’'un appareil d’affichage a cris-
taux liquides selon la revendication 11, comprenant
en outre I'étape consistant a :

effectuer une commande temporelle pour com-
mander une période de commutation des volta-
ges de signaux d’'image positif et négatif dans
I'étape consistant a appliquer un voltage d’élec-
trode de pilotage de pixel et une période de
changement du voltage d’électrode commune
dans I'étape consistanta commander le voltage
d’électrode commune pour étre N-fois une pé-
riode de scannage horizontal qui est une période
de sélection de la pluralité de lignes de porte,
ou N est un nombre naturel arbitraire, et pour
commander la temporisation de référence du
démarrage du scannage vertical pour 'amener
a fonctionner dans une relation de phase pres-
crite a chaque trame

Procédeé de pilotage d’'un appareil d’affichage a cris-
taux liquides selon la revendication 12,

dans lequel I'étape consistant a commander la tem-
porisation commande la temporisation mutuelle de
la commutation de I'étape consistant a appliquer le
voltage d’électrode de pilotage de pixel et de I'étape
consistant a commander le voltage d’électrode com-
mune pour amener la polarité de la période de chan-
gement de niveau du voltage d’électrode commune
etla polarité de la période de commutation du voltage
d’électrode de pilotage de pixel a étre inversées a
chaque trame de scannage pendant une période
d’écriture du signal d'image dans chaque pixel dans
une pluralité continue de lignes a l'intérieur d’'une
méme période de polarité, dans une période de com-
mande d’inversion de polarité.

Procédeé de pilotage d’'un appareil d’affichage a cris-
taux liquides selon la revendication 11,

dans lequel le niveau du voltage d’électrode com-
mune appliqué a I'électrode commune (CE) est
changé de maniere a tomber a l'intérieur de deux
niveaux différents dans I'étape consistant a com-
mander le voltage d’électrode commune avant la
temporisation de commutation des voltages des si-
gnaux d’'image positif et négatif a appliquer a I'élec-
trode de pilotage de pixel (PE) dans I'étape d’appli-
cation du voltage d’électrode de pilotage de pixel.
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