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1
DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to display devices, particu-
larly to a display device provided with a memory function
corresponding to each pixel.

BACKGROUND ART

In recent years, some liquid crystal display devices are
equipped with a memory function corresponding to each
pixel in order to reduce power consumption. Such a device is
called, for example, a “memory liquid crystal display” or
simply a “memory liquid crystal”. In general, the memory
liquid crystal display is capable of holding one-bit data for
each pixel, and performs image display using data held in
memory when displaying the same image or an image that
barely changes for a long period of time. In the memory liquid
crystal display, when once data is written in the memory, the
contents of the data written in the memory are held until the
next update. Accordingly, little power is consumed during
periods other than before and after a change in the contents of
an image. As a result, power consumption is reduced com-
pared to liquid crystal display devices without the memory
function.

FIG. 23 is a block diagram illustrating a schematic con-
figuration of a conventional memory liquid crystal display.
This memory liquid crystal display is configured by a pixel
memory portion 90, a gate driver 92 and a source driver 93
which are for driving the pixel memory portion 90, and a
terminal portion 91 for externally receiving various signals
and the like. The pixel memory portion 90, the terminal por-
tion 91, the gate driver 92, and the source driver 93 are formed
on a panel substrate 900. The pixel memory portion 90 is
capable of holding one-bit data for each pixel, as described
above. In such a configuration, by the operation of the gate
driver 92 and the source driver 93, data corresponding to a
display image is stored in memory corresponding to each
pixel within the pixel memory portion 90. Then, the image is
displayed on the basis of the data stored in the memory.

Note that in relevance to the present invention, Japanese
Laid-Open Patent Publication No. 2007-286237 discloses an
invention of a display device including pixel memory circuits
configured as shown in FIG. 24. In this display device, one
pixel memory circuit is provided for each pixel unit consist-
ing of three, i.e., R, G, and B, subpixels, rather than for each
of the R, G, and B subpixels. This inhibits an increase in
circuit area and realizes low power consumption owing to
drive using memory.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese [Laid-Open Patent Publication
No. 2007-286237

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The conventional memory liquid crystal display includes
the gate driver and the source driver, as with typical liquid
crystal display devices without a memory function. The gate
driver 92 and the source driver 93 are formed in areas around
the pixel memory portion 90, as shown in FIG. 23. Accord-
ingly, when reducing the size of the device, the proportion of
the size of a display area (corresponding to an area where the
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pixel memory portion 90 is formed) in the entire panel is
relatively small, resulting in poor product design.

Therefore, an objective of the present invention is to pro-
vide a display device capable of reducing a circuit area on a
panel substrate and realizing low power consumption by drive
using memoty.

Means for Solving the Problems

A first aspect of the present invention is directed to a
display device, comprising:

a shift register including m flip-flops being provided so as
to respectively correspond to m pixels where m is a positive
integer, the flip-flops being connected in series so as to
sequentially transfer input data in accordance with clock sig-
nals;

voltage selection portions provided so as to correspond to
their respective flip-flops, each of the voltage selection por-
tions selecting a first voltage or a second voltage in accor-
dance with a logic value of an output signal from each of the
flip-flops; and

display element portions provided so as to correspond to
their respective flip-flops, each of the display element por-
tions reflecting the voltage selected by the voltage selection
portion in the display state of the pixel that corresponds to
each of the flip-flops.

According to a second aspect of the present invention, in
the first aspect of the present invention,

each of the flip-flops includes:

a first latch portion for taking in an input signal and holding
it as transfer data; and

a second latch portion for taking in the transfer data and
holding it as output data and outputting the output signal on
the basis of the output data.

According to a third aspect of the present invention, in the
second aspect of the present invention,

the first latch portion includes:

a first clocked inverter having an input terminal to which
the input signal is provided, and operating in accordance
with the clock signals;

a first inverter connected at an input terminal to an output
terminal of the first clocked inverter; and

a second clocked inverter connected at an input terminal to
an output terminal of the first inverter and connected at
an output terminal to the input terminal of the first
inverter, and operating in accordance with the clock
signals, and

the second latch portion includes:

a third clocked inverter connected at an input terminal to
the output terminal of the first inverter and operating in
accordance with the clock signals;

a second inverter connected at an input terminal to an
output terminal of the third clocked inverter; and

a fourth clocked inverter connected at an input terminal to
an output terminal of the second inverter and connected
at an output terminal to the input terminal of the second
inverter, and operating in accordance with the clock
signals, and

the output signal is outputted from the output terminal of
the second inverter.

According to a fourth aspect of the present invention, in the
second aspect of the present invention,

the first latch portion includes:

a first clocked inverter having an input terminal to which
the input signal is provided, and operating in accordance
with the clock signals; and

a capacitance having one end to which an output terminal
of the first clocked inverter is connected and having the
other end to which a predetermined potential is pro-
vided,
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the second latch portion includes:

a third clocked inverter connected at an input terminal to
the output terminal of the first inverter and operating in
accordance with the clock signals;

a second inverter connected at an input terminal to an
output terminal of the third clocked inverter; and

a fourth clocked inverter connected at an input terminal to
an output terminal of the second inverter and connected
at an output terminal to the input terminal of the second
inverter, and operating in accordance with the clock
signals, and

the output signal is outputted from the output terminal of

the second inverter.

According to a fifth aspect of the present invention, in the

second aspect of the present invention,

m pieces of data corresponding to the m flip-flops are

provided to the shift register as the input data, and

the clock signals stop their action after the m pieces of data

are held as the transfer data in the first latch portions included
in the corresponding flip-flops.

According to a sixth aspect of the present invention, in the

second aspect of the present invention,

the display device further comprises white display function

portions provided so as to correspond to their respective flip-
flops, wherein,

m pieces of data corresponding to the m flip-flops are

provided to the shift register as the input data, and

the white display function portions maintain the display

states of the pixels at white display until the m pieces of data
are held as the transfer data in the first latch portions included
in the corresponding flip-flops.

According to a seventh aspect of the present invention, in

the sixth aspect of the present invention,

each of the white display function portions includes:

a first switch for controlling whether to provide the output
signal to the display element portion, on the basis of an
instruction signal indicating whether to maintain the
display state of the pixel at white display; and

asecond switch for controlling whether to provide a white
display voltage to the display element portion, on the
basis of the instruction signal, and

the output signal or the white display voltage is provided to

the display element portion in accordance with a logic value
of the instruction signal.

According to an eighth aspect of the present invention, in

the first aspect of the present invention,

the display device further comprises a voltage control por-

tion for controlling a magnitude of an input voltage on the
basis of a control signal, wherein,

in each of the display element portions, the display state of

the pixel changes on the basis of a difference between the
voltage selected by the voltage selection portion and a prede-
termined third voltage, and

the voltage control portion receives the first voltage and the

second voltage as the input voltages, and equalizes the mag-
nitudes of both the first voltage and the second voltage with
the magnitude of the third voltage when the control signal is
at a prescribed level.

According to a ninth aspect of the present invention, in the

first aspect of the present invention,

the m pixels and the m flip-flops are arranged in matrix of

irowsxj columns,

in each row, neighboring flip-flops are connected to each

other, and

in any three consecutive rows,

the flip-flop in the first row, j'th column is connected to the
flip-flop in the second row, j'th column, and the flip-flop
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in the second row, first column is connected to the flip-
flop in the third row, first column, or

the flip-flop in the first row, first column is connected to the

flip-flop in the second row, first column, and the flip-flop
in the second row, j'th column is connected to the flip-
flop in the third row, j'th column.

According to a tenth aspect of the present invention, in the
first aspect of the present invention,

the m pixels and the m flip-flops are arranged in matrix of
1 rowsxj columns,

in each row, neighboring flip-flops are connected to each
other, and

in any two consecutive rows, the flip-flop in the first row,
j'th column is connected to the flip-flop in the second row, first
column.

According to an eleventh aspect of the present invention, in
the first aspect of the present invention,

each of the pixels is composed of n subpixels where n is an
integer of 2 or more,

the flip-flops are provided so as to respectively correspond
to the n subpixels included in the pixels,

n shift registers are provided such that, for each pixel, then
flip-flops corresponding to that pixel constitute a different
shift register from one another, and

to the n shift registers, different data are provided from one
another as the input data.

According to a twelfth aspect of the present invention, in
the eleventh aspect of the present invention,

n pixel electrodes forming the n subpixels included in each
pixel are different in area.

According to a thirteenth aspect of the present invention, in
the eleventh aspect of the present invention,

each of the pixels is composed of three subpixels respec-
tively corresponding to red, green, and blue, and

red data, green data, and blue data are provided as the input
data respectively to three shift registers respectively corre-
sponding to the three subpixels.

Effects of the Invention

According to the first aspect of the present invention, the
display device includes a shift register which is configured by
flip-flops being provided so as to respectively correspond to
pixels and being connected in series, voltage selection por-
tions for selecting either of two voltages in accordance with
output signals of the flip-flops, and display element portions
for reflecting the voltages selected by the voltage selection
portions in display states of the pixels corresponding to the
flip-flops. Each flip-flop is capable of holding one-bit data.
Therefore, in each flip-flop, while transferring input data to
the flip-flop in the next stage, it is possible to set the display
state of its corresponding pixel to a display state based on the
input data by providing the input data to the voltage selection
portion. Specifically, data corresponding to a display image
can be provided to all of the flip-flops (i.e., memories corre-
sponding to the pixels) constituting the shift register by pro-
viding display image data to the shift register without provid-
ing driver circuits (a scanning signal line driver circuit and a
video signal line driver circuit) as included in typical conven-
tional display devices. Here, the contents of data latched in
the flip-flops are maintained until the next update, so that the
same image can be continuously displayed without unneces-
sary power consumption. Thus, it is possible to realize a
display device capable of reducing a circuit area compared to
conventional devices and realizing low power consumption
by drive using memory.
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According to the second aspect of the present invention, it
is possible to realize a display device capable of reducing a
circuit area compared to conventional devices and realizing
low power consumption by drive using memory, as in the first
aspect of the invention.

According to the third aspect of the present invention, it is
possible to realize a display device capable of reducing a
circuit area compared to conventional devices and realizing
low power consumption by drive using memory, as in the first
aspect of the invention.

According to the fourth aspect of the present invention, the
first latch portion of each flip-flop is configured by one
clocked inverter and one capacitance. Thus, since the flip-
flops can be realized by a relatively small number of transis-
tors, a circuit area on a panel substrate can be effectively
reduced.

According to the fifth aspect of the present invention, the
clock signals stop their action after data corresponding to a
display image is held in all of the flip-flops constituting the
shift register. Thus, while the same image is continuously
displayed, there is no power consumption due to the clock
signals, effectively reducing power consumption.

According to the sixth aspect of the present invention, the
display states of all pixels are set at white display until data
based on a display image is held in all of the flip-flops con-
stituting the shift register. As a result, when an image is
displayed or the contents of the image change, the image to be
displayed is presented after full-screen white display is pet-
formed. Thus, noise can be barely perceived.

According to the seventh aspect of the present invention, by
providing a circuit with a relatively simplified configuration,
occurrence of noise when an image is displayed or the con-
tents of the image change is suppressed.

According to the eighth aspect of the present invention,
until data based on a display image is held in all of the
flip-flops constituting the shift register, the display states of
all pixels can be set at white display (in the case of the
normally white mode) or at black display (in the case of the
normally black mode) by setting the control signal at a pre-
scribed level. As a result, when an image is displayed or the
contents of the image change, the image to be displayed is
presented after full-screen white display or full-screen black
display is performed. Thus, noise can be barely perceived.

According to the ninth aspect of the present invention,
since the area of wiring for connecting neighboring flip-flops
decreases, a circuit area for drive using memory is effectively
reduced.

According to the tenth aspect of the present invention, in a
display device with pixels and flip-flops being arranged in
matrix, data provided to a shift register is transferred in the
same direction in all rows. Thus, display image data to be held
in the flip-flops can be readily generated.

According to the eleventh aspect of the present invention,
one pixel is configured by a plurality of subpixels, and the
display state can be set to white display or black display for
each subpixel. Thus, it is possible to provide halftone display
on a display device capable of realizing low power consump-
tion by drive using memory.

According to the twelfth aspect of the present invention,
halftone brightness can be controlled by adjusting the area
ratio of n pixel electrodes. Moreover, when compared to the
case where n pixel electrodes are equal in area, the number of
tones that can be displayed increases.

According to the thirteenth aspect of the present invention,
color display can be achieved by providing sets of color filters
or color display functions so as to correspond to their respec-
tive sets of three subpixels. Thus, it is possible to realize a
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color display device capable of realizing low power con-
sumption by drive using memory.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s ablock diagram illustrating the configuration of a
pixel memory unitina liquid crystal display device according
to an embodiment of the present invention.

FIG. 2 is a block diagram illustrating a schematic configu-
ration of the liquid crystal display device in the embodiment.

FIG. 3 is ablock diagram illustrating the configuration of a
pixel memory portion in the embodiment.

FIG. 4 is a diagram describing a shift register which is
configured by flip-flops in the embodiment.

FIG. 5 is a circuit diagram illustrating a specific configu-
ration example of the flip-flop in the embodiment.

FIG. 6 is a circuit diagram illustrating a specific configu-
ration example of a voltage selection portion in the embodi-
ment.

FIG. 7 is a signal waveform chart describing a method for
driving the pixel memory portion in the embodiment.

FIG. 8 is a signal waveform chart describing a method for
driving the pixel memory portion in the embodiment.

FIG.9 is a graph illustrating the relationship between volt-
age applied to liquid crystal and transmittance in the embodi-
ment.

FIG. 10 is a diagram illustrating an exemplary display
image in the embodiment.

FIG. 11 is a signal waveform chart describing a method for
driving the pixel memory portion in the embodiment.

FIG. 12 is a diagram illustrating an exemplary display
image in the embodiment.

FIG. 13 is a block diagram illustrating the configuration of
a pixel memory portion in a first variant of the embodiment.

FIG. 14 is a block diagram illustrating the configuration of
a pixel memory portion in a second variant of the embodi-
ment.

FIG. 15 is a block diagram illustrating the configuration of
a pixel memory portion in a third variant of the embodiment.

FIGS. 16A and 16B are diagrams illustrating an example
where pixel electrodes in two subpixels have different areas in
the third variant of the embodiment.

FIGS. 17A and 17B are diagrams illustrating an example
where pixel electrodes in two subpixels have different areas in
the third variant of the embodiment.

FIG. 18 is a circuit diagram illustrating a specific configu-
ration example of a white display circuitin a fourth variant of
the embodiment.

FIG. 191s a block diagram illustrating the configurations of
a pixel memory portion and a voltage control circuit in a fifth
variant of the embodiment.

FIG. 20 is a circuit diagram illustrating a specific configu-
ration example of the voltage control circuit in the fifth variant
of the embodiment.

FIG. 21 is a signal waveform chart describing the operation
of the voltage control circuit in the fifth variant of the embodi-
ment.

FIG. 22 is a circuit diagram illustrating a specific configu-
ration example of a flip-flop in a sixth variant of the embodi-
ment.

FIG. 23 is a block diagram illustrating a schematic con-
figuration of a conventional memory liquid crystal display.

FIG. 24 is a circuit diagram illustrating the configuration of
a pixel memory circuit in a display device disclosed in Japa-
nese Laid-Open Patent Publication No. 2007-286237.

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.



US 9,368,056 B2

7

<1. Schematic Configuration of the Liquid Crystal Display
Device>

FIG. 2 is a block diagram illustrating a schematic configu-
ration of a liquid crystal display device according to an
embodiment of the present invention. As shown in F1G. 2, the
liquid crystal display device includes a panel substrate 100 on
which a pixel memory portion 10 and a terminal portion 19
are formed, and a pixel memory drive portion 200 provided
(e.g., on a flexible circuit substrate) outside the panel sub-
strate 100. The pixel memory portion 10 includes pixel
memory units PMU arranged in i rowsxj columns. Note that
onepixel memory unit PMU is a component equivalent to one
pixel. The pixel memory units PMU are capable of holding
one-bit data, and an image is displayed in accordance with
values of data held in the pixel memory units PMU. The
terminal portion 19 is provided with terminals for connecting
signal wiring extending from the pixel memory drive portion
200 to the panel substrate 100 and signal wiring arranged in
the panel substrate 100. The pixel memory drive portion 200
supplies the pixel memory portion 10 with, for example,
signals for operating the pixel memory units PMU. Note that
itisassumed below that the pixel memory portion 10 includes
nine (three rowsxthree columns) pixel memory units PMU.

FIG. 3 is a block diagram illustrating the configuration of
the pixel memory portion 10. The pixel memory portion 10
includes nine pixel memory units PMU(1) to PMU(9), as
shown in FIG. 3. All of pixel memory units PMU(1) to PMU
(9) are commonly provided with two-phase clock signals CK
and CKB, white display voltage V. for setting the display
state of the pixels to white display, and black display voltage
V5, for setting the display state of the pixels to black display.
Moreover, pixel memory unit PMU(1) is provided with dis-
play data DATA for specifying the display state of the pixel.

Incidentally, each pixel memory unit PMU includes a flip-
flop capable of holding one-bit data. In addition, flip-flops
11(1) to 11(9) respectively included in pixel memory units
PMU(1) to PMU(9) are connected in series, as shown in FIG.
4, forming a shift register 110. Accordingly, the display data
DATA provided to pixel memory unit PMU(1) is transferred
sequentially to pixel memory units PMU(2) to PMU(9) on the
basis of the clock signals CK and CKB.

Furthermore, in the present embodiment, the flip-flop
within pixel memory unit PMU(3) in the first row, third col-
umn is connected to the flip-flop within pixel memory unit
PMU(4) in the second row, third column, and the flip-flop
within pixel memory unit PMU(6) in the second row, first
column is connected to the flip-flop within pixel memory umt
PMU(7) in the third row, first column, as shown in FIG. 3.

<2. Configuration and General Operation of the Pixel
Memory Unit>

FIG. 1 is a block diagram illustrating the configuration of
the pixel memory unit PMU. The pixel memory unit PMU
includes a flip-flop 11, a voltage selection portion 12, and a
liquid crystal capacitance 13, as shown in F1G. 1. The flip-flop
11 receives signal Qn (an output signal of the flip-flop 11 in
the previous stage) as an input signal, and outputs a “signal
Qn+1” and a “logic-inversion signal of signal Qn+1” as out-
put signals on the basis of clock signals CK and CKB. Note
that the “logic-inversion signal of signal Qn+1” will be rep-
resented below as “signal Qn+1B”. The voltage selection
portion 12 selects either white display voltage VW or black
display voltage VBL on the basis of a signal Qn+1 and a signal
Qn+1B, and outputs the selected voltage as pixel electrode
voltage VL.C. The liquid crystal capacitance 13 is formed by
the pixel electrode and the common electrode, and the display
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state of the pixel changes in accordance with the difference
between pixel electrode voltage VLC and common electrode
voltage VCOM.

FIG. 5 is a circuit diagram illustrating a specific configu-
ration example of the flip-flop 11. The flip-flop 11 is config-
ured by a first latch portion 111 for taking in the signal Qn and
holding it as transfer data, and a second latch portion 112 for
taking in the transfer data and holding it as output data and
outputting a signal Qn+1 and a signal Qn+1B on the basis of
the output data.

The first latch portion 111 is configured by a clocked
inverter (referred to below as a “first clocked inverter”) 141 in
which signal Qn is provided to an input terminal, an inverter
(referred to below as a “first inverter”) 142 connected at an
input terminal to an output terminal of the first clocked
inverter 141, and a clocked inverter (referred to below as a
“second clocked inverter”) 143 connected at an input terminal
to an output terminal of the first inverter 142 and connected at
an output terminal to the input terminal of the first inverter
142. Note that the output terminal of the first inverter 142 is
also connected to an input terminal of a third clocked inverter
146 to be described later.

The second latch portion 112 is configured by a clocked
inverter (referred to below as the “third clocked inverter”) 146
connected at an input terminal to the output terminal of the
first inverter 142, an inverter (referred to below as a “second
inverter”) 147 connected at an input terminal to an output
terminal of the third clocked inverter 146, and a clocked
inverter (referred to below as a “fourth clocked inverter””) 148
connected at an input terminal to an output terminal of the
second inverter 147 and connected at an output terminal to the
input terminal of the second inverter 147. Note that signal
Qn+1 is outputted from the output terminal of the second
inverter 147, and signal Qn+1B is outputted from the output
terminal of the fourth clocked inverter 148.

Note that the first clocked inverter 141 and the fourth
clocked inverter 148 function as inverters when the clock
signal CK is at high level and the clock signal CKB is at low
level, and their input and output terminals are electrically
disconnected when the clock signal CK is at low level and the
clock signal CKB is at high level. Moreover, the second
clocked inverter 143 and the third clocked inverter 146 have
their input and output terminals electrically disconnected
when the clock signal CK is at high level and the clock signal
CKB is at low level, and they function as inverters when the
clock signal CK is at low level and the clock signal CKB is at
high level.

With the configuration as described above, in the flip-flop
11, the value of signal Qn, which is provided during a period
in which the clock signal CK is at high level and the clock
signal CKB is at low level, is held in the first latch portion 111
as transfer data. Thereafter, at the timing when the clock
signal CK changes from high level to low level and the clock
signal CKB changes from low level to high level, the value of
signal Qn being held in the first latch portion 111 as transfer
data appears as the waveform of signal Qn+1. In addition, the
transfer data is held in the second latch portion 112, so that the
waveform of signal Qn+1 is maintained until the next time the
clock signal CK changes from high level to low level and the
clock signal CKB changes from low level to high level.

FIG. 6 is a circuit diagram illustrating a specific configu-
ration example of the voltage selection portion 12. The volt-
age selection portion 12 includes CMOS switches 121 and
122, each consisting of a P-type TFT and an N-type TFT. The
CMOS switch 121 has an input terminal to which white
display voltage VW is provided and an output terminal con-
nected to the pixel electrode. Signal Qn+1 is provided to a
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gate terminal of the N-type TFT in the CMOS switch 121 and
signal Qn+1B is provided to a gate terminal of the P-type TFT
in the CMOS switch 121. The CMOS switch 122 has an input
terminal to which black display voltage VBL is provided and
an output terminal connected to the pixel electrode. Signal
Qn+1B is provided to a gate terminal of the N-type TFT in the
CMOS switch 122 and signal Qn+1 is provided to a gate
terminal of the P-type TFT in the CMOS switch 122. With the
configuration as described above, when signal Qn+1 is at high
level and signal Qn+1B is at low level, the CMOS switch 121
is brought into ON state and the CMOS switch 122 is brought
into OFF state, so that white display voltage VW is provided
to the pixel electrode. On the other hand, when signal Qn+1 is
at low level and signal Qn+1B is at high level, the CMOS
switch 121 is brought into OFF state and the CMOS switch
122 is brought into ON state, so that black display voltage
VBL is provided to the pixel electrode.

<3. Drive Method>

Next, referring to FIGS. 4 and 7. a method for driving the
memory display portion 10 in the present embodiment will be
described. Note that characters assigned to the first waveform
in a signal waveform chart shown in F1G. 7 are intended in the
present description to distinguish one-bit data inputted at
each time to flip-flop 11(1) by display data DATA. For
example, in FIG. 7, “data D5” is inputted to flip-flop 11(1) by
way of display data DATA during a period from time t5 to
time 6.

Attime t1, data D1 is inputted to flip-flop 11(1) as display
data DATA. Attime t1, the clock signal CK changes from high
level to low level, and the clock signal CKB changes from low
level to high level. Accordingly, output signal Q1 of flip-flop
11(1) is set to high level on the basis of the value of data D1.
Note that output signal Q1 is provided to the voltage selection
portion 12 (see FI1G. 6) and is also provided to flip-flop 11(2).

At time 12, data D2 1s inputted to flip-flop 11(1) as display
data DATA. Since output signal Q1 of flip-flop 11(1) is pro-
vided to flip-flop 11(2), data D, is inputted to flip-flop 11(2) at
this time. Moreover, at time t2, in the same manner at time t1,
the clock signal CK changes from high level to low level, and
the clock signal CKB changes from low level to high level.
Accordingly, output signal Q1 of flip-flop 11(1) is maintained
at high level on the basis of the value of data D2, and output
signal Q2 of flip-flop 11(2) is set to high level on the basis of
the value of data D1.

In this manner, also at and after time t3, data inputted to
flip-flop 11(1) as display data DATA are sequentially trans-
ferred to flip-flops 11(2) to 11(9). As a result, when input of
data D1 to D9 to flip-flop 11(1) as display data DATA ends,
output signal Q1 of flip-flop 11(1) is set to a level based on
data D9, output signal Q2 of flip-flop 11(2) is set to a level
based ondata D8, . . ., and output signal Q9 of flip-flop 11(9)
is set to a level based on data D1. Note that after all of data D1
to D9 as display data DATA are held in the first latch portions
111 within their corresponding flip-flops, the clock signals
CK and CKB stop their action.

From flip-flops 11(1) to 11(9), the aforementioned output
signals Q1 to Q9 and logic-inversion signals thereof are out-
putted. These signals are provided to the voltage selection
portions 12 that correspond to their respective flip-flops 11.
Here, referring to FIG. 8, the waveforms of white display
voltage VW and black display voltage VBL provided to the
voltage selection portions 12 will be described. Common
electrode voltage VCOM alternates between high level and
low level every predetermined period of time. White display
voltage VW and common electrode voltage VCOM are in the
same phase. Black display voltage VBL and common elec-
trode voltage VCOM are out of phase by 180 degrees. High-
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level potentials of white display voltage VW and black dis-
play voltage VBL are approximately equal to a high-level
potential of common electrode voltage VCOM. Low-level
potentials of white display voltage VW and black display
voltage VBL are approximately equal to a low-level potential
of common electrode voltage VCOM. Therefore, the differ-
ence in potential between white display voltage VW and
common electrode voltage VCOM is maintained at approxi-
mately 0. On the other hand, the difference in potential
between black display voltage VBL and common electrode
voltage VCOM is maintained at a magnitude approximately
equivalent to the amplitude of black display voltage VBL.

FIG. 9 is a graph illustrating the relationship between volt-
age applied to liquid crystal and transmittance. Note that the
relationship shown in FIG. 9 is about a liquid crystal display
device employing a normally white mode. It can be appreci-
ated from FIG. 9 that as the voltage applied to liquid crystal
decreases, the transmittance increases, and as the voltage
applied to liquid crystal increases, the transmittance
decreases. InFIG. 9, voltage Va is equivalent to the difference
between the potential of white display voltage VW and the
potential of common electrode voltage VCOM, and voltage
Vb is equivalent to the difference between the potential of
black display voltage VBL and the potential of common
electrode voltage VCOM. Moreover, as mentioned above,
when signal Qn+1 is at high level and signal Qn+1B is at low
level, white display voltage VW is provided to the pixel
electrode, and when signal Qn+1 is at low level and signal
Qn+1B is at high level, black display voltage VBL is provided
to the pixel electrode (see FIG. 6). For any pixel memory unit
PMU in which white display voltage VW is provided to the
pixel electrode, the display state of the pixel is set to white
display. For any pixel memory unit PMU in which black
display voltage VBL is provided to the pixel electrode, the
display state of the pixel is set to black display.

In this manner, when display data DATA with the wave-
form as shown in FIG. 7 is provided to the pixel memory
portion 10 from the pixel memory drive portion 200, output
signals Q1, Q4,Q5, Q7, Q8,and Q9 of flip-flops 11(1), 11(4),
11(5), 11(7), 11(8), and 11(9) are set to high level, and output
signals Q2, Q3, and Q6 of flip-flops 11(2), 11(3), and 11(6)
are set to low level. As a result, the display states of the pixels
corresponding to pixel memory units PMU(1), PMU(4),
PMU(S), PMU(7), PMU(8), and PMU(9) are set to white
display, and the display states of the pixels corresponding to
pixel memory units PMU(2), PMU(3), and PMU(6) are set to
black display, as shown in FIG. 10.

Furthermore, when display data DATA with the waveform
as shown in FIG. 11 is provided to the pixel memory portion
10 from the pixel memory drive portion 200, output signals
Q2, Q4, Q6, and Q8 of flip-flops 11(2), 11(4), 11(6), and
11(8) are set to high level, and output signals Q1, Q3, Q5, Q7
and Q9 of flip-flops 11(1), 11(3), 11(5), 11(7), and 11(9) are
set to low level. As a result, the display states of the pixels
corresponding to pixel memory units PMU(2), PMU(4),
PMU(6), and PMU(8) are set to white display, and the display
states of the pixels corresponding to pixel memory units
PMU(1), PMU(3), PMU(5), PMU(7), and PMU(9) are set to
black display, as shown in FIG. 12.

<4. Effects>

According to the present embodiment, as corresponding to
each pixel memory unit PMU, there are provided a voltage
selection portion 12, which selects either white display volt-
age V- or black display voltage V; in accordance with an
output signal of the flip-flop 11 in the pixel memory umt
PMU, and a liquid crystal capacitance 13, which reflects the
voltage selected by the voltage selection portion 12 in the



US 9,368,056 B2

11

display state of the pixel that corresponds to the flip-flop 11.
Moreover, the flip-flops 11 respectively included in the pixel
memory units PMU within the pixel memory portion 10 are
connected in series, forming the shift register 110. The flip-
flops 11 are capable of holding one-bit data, which makes it
possible for each flip-flop 11 to transfer input data to the
flip-flop 11 in the next stage and to set the display state of the
corresponding pixel to a display state based on the input data.
Specifically, data corresponding to a display image can be
provided to the flip-flops 11 within all of the pixel memory
units PMU by providing display data DATA to the shift reg-
ister 110, without providing a gate driver or a source driver.
The contents of data latched in the flip-flops 11 are main-
tained until the next update, so that the same image can be
continuously displayed without unnecessary power con-
sumption. Thus, itis possible to realize a liquid crystal display
device capable of reducing a circuit area on a panel substrate
compared to conventional devices and realizing low power
consumption by drive using memory.

Furthermore, according to the present embodiment, after
data corresponding to a display image is held in the flip-flops
11 within all of the pixel memory units PMU, the clock
signals CK and CKB stop their action. Thus, while the same
image is continuously displayed, there is no power consump-
tion due to the clock signals CK and CKB, effectively reduc-
ing power consumption.

<5. Variants>

Hereinafter, variants of the embodiment will be described.

<5.1 First Variant>

FIG. 13 is a block diagram illustrating the configuration of
a pixel memory portion 10 in a first variant of the embodi-
ment. In the present variant, the flip-flop 11 within pixel
memory unit PMU(13) in the first row, third column is con-
nected to the flip-flop 11 within pixel memory unit PMU(14)
in the second row, first column, and the flip-flop 11 within
pixel memory unit PMU(16) in the second row, third column
is connected to the flip-flop 11 within pixel memory unit
PMU(17) in the third row, first column. Accordingly, display
data DATA is transferred in the same direction in all of the
rows. Thus, when compared to the above-described embodi-
ment where display data DATA is transferred in different
directions in odd and even rows, display data DATA can be
readily generated.

<5.2 Second Variant>

FIG. 14 is a block diagram illustrating the configuration of
a pixel memory portion 10 in a second variant of the embodi-
ment. In the present variant, one shift register is constituted by
the flip-flops 11 within all pixel memory units PMU in each
row, rather than by the flip-flops 11 within all pixel memory
units PMU included in the pixel memory portion 10. Accord-
ingly, in the present variant, the pixel memory portion 10
includes three shift registers. Moreover, in the present variant,
a sampling circuit 15 for sampling display data DATA is
provided in the pixel memory portion 10. The sampling cir-
cuit 15 provides display data DATA to pixel memory unit
PMU(21) when data to be held in the flip-flops 11 within pixel
memory units PMU(21) to PMU(23) is provided as the dis-
play data DATA, the sampling circuit 15 provides display data
DATA to pixel memory unit PMU(24) when data to be held in
the flip-flops 11 within pixel memory units PMU(24) to PMU
(26) is provided as the display data DATA, and the sampling
circuit 15 provides display data DATA to pixel memory unit
PMU(27) when data to be held in the flip-flops 11 within pixel
memory units PMU(27) to PMU(29) is provided as the dis-
play data DATA. In this manner, also in the present variant,
data corresponding to a display image can be stored to the
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flip-flops 11 within all of the pixel memory units PMU
included in the pixel memory portion 10.

<5.3 Third Variant>

FIG. 15 is a block diagram illustrating the configuration of
a pixel memory portion 10 in a third variant of the embodi-
ment. In the present variant, one pixel is composed of two
subpixels. Herein, a pixel memory unit provided so as to
correspond to one subpixel is referred to as a “first pixel
memory unit”, and a pixel memory unit provided so as to
correspond to the other subpixel is referred to as a “second
pixel memory unit”.

The pixel memory portion 10 includes nine first pixel
memory units PMU1(1) to PMU1(9) and nine second pixel
memory units PMU2(1) to PMU2(9), as shown in FIG. 15.
Clock signals CK and CKB, white display voltage VW, and
black display voltage VBL are commonly provided to first
pixel memory units PMU1(1) to PMU1(9) and second pixel
memory units PMU2(1) to PMU2(9). As for display data,
different data is provided to first pixel memory unit PMU1(1)
and second pixel memory unit PMU2(1). In FIG. 15, the
display data provided to first pixel memory unit PMU1(1) is
denoted by character DATA1, and the display data provided to
second pixel memory unit PMU2(1) is denoted by character
DATA2. Moreover, the flip-flops included in first pixel
memory units PMU1(1) to PMU1(9) constitute one shift reg-
ister, and the flip-flops included in second pixel memory units
PMU2(1) to PMU2(9) constitute another shift register. That
is, in the present variant, two line shift registers are provided.

In such a configuration, as in the above-described embodi-
ment, one-bit data is held in each of the flip-flops within first
pixel memory units PMU1(1) to PMU1(9) and each of the
flip-flops within second pixel memory units PMU2(1) to
PMU2(9), so that for each pixel, the display state of the
subpixel that corresponds to the first pixel memory unit
PMUT1 (referred to below as a “first subpixel”) can be con-
trolled independently of the display state of the subpixel that
corresponds to the second pixel memory unit PMU?2 (referred
to below as a “second subpixel”). Thus, the present variant
enables halftone display.

Incidentally, by variably setting the area ratio of the pixel
electrode that forms the first subpixel to the pixel electrode
that forms the second subpixel, it is rendered possible to
achieve various halftone display by area gradation. For
example, a pixel electrode E1, which forms a first subpixel,
and a pixel electrode E2, which forms a second subpixel, can
be formed on a panel substrate as shown in FIG. 16A. In this
case, a voltage based on data held in the flip-flop within the
first pixel memory unit PMU1 is applied to the pixel electrode
E1, and a voltage based on data held in the flip-flop within the
second pixel memory unit PMU?2 is applied to the pixel elec-
trode E2. In the case where white display voltage VW is
applied to the pixel electrode E1, and black display voltage
VBL is applied to the pixel electrode E2, the display states of
the pixels are as shown in FIG. 16B. Here, white display
voltage VW can be applied to both of the pixel electrodes E1
and E2. Alternatively, black display voltage VBL can be
applied to both of the pixel electrodes E1 and E2. Further-
more, it is also possible to apply black display voltage VBL to
the pixel electrode E1 and white display voltage VW to the
pixel electrode E2. In this manner, by setting the area of the
pixel electrode E1 and the area of the pixel electrode E2 to
differ from each other, it is rendered possible to achieve
gradation display in four-levels of gradations.

Furthermore, for example, a pixel electrode E3, which
forms a first subpixel, and a pixel electrode E4, which forms
a second subpixel, can be formed on a panel substrate such
that the pixel electrode E4 is enclosed by the pixel electrode



US 9,368,056 B2

13

E3 as shown in FIG. 17A. Here, when white display voltage
VW is applied to the pixel electrode E3, and black display
voltage VBL is applied to the pixel electrode E4, the display
states of the pixels are as shown in FIG. 17B.

Note that the configuration of subpixels within one pixel is
not limited to the above examples. For example, one pixel
may be configured by three or more subpixels. Moreover, as
for a plurality of pixel electrodes which form a plurality of
subpixels, the area ratio and the positional relationship can be
variably set.

Furthermore, in a display device in which color filters are
formed and in a display device which has a color display
function (e.g., an organic EL display device), one pixel may
be configured by three subpixels, and R (red), G (green), and
B (blue) data may be respectively provided to three line shift
registers corresponding to the three subpixels. This enables
color display.

<5.4 Fourth Variant>

In the embodiment, upon each input of one-bit data to
flip-flop 11(1) as display data DATA, an image displayed by
nine pixels changes. Such a change in the image is perceived
as noise. Therefore, in the present variant, circuits (referred to
below as “white display circuits™) are provided in order to set
the display states of all pixels to white display until the time
when the first latch portions 111 within all of the flip-flops
hold their respective corresponding data therein. Note that in
the present variant, the white display circuits realize white
display function portions.

FIG. 18 is a circuit diagram illustrating a specific configu-
ration example of the white display circuit 16. The white
display circuit 16 includes two CMOS switches 161 and 162,
each consisting of a P-type TFT and an N-type TFT, and an
inverter 163. The CMOS switch 161 has an input terminal to
which white display voltage VW is provided and an output
terminal connected to the pixel electrode. An instruction sig-
nal S is provided to a gate terminal of the N-type TFT in the
CMOS switch 161, and a gate terminal of the P-type TFT in
the CMOS switch 161 is connected at to an output terminal of
the inverter 163. The CMOS switch 162 has an input terminal
to which signal Qn+1 is provided and an output terminal
connected to the pixel electrode. A gate terminal ofthe N-type
TFT in the CMOS switch 162 is connected to the output
terminal of the inverter 163, and the instruction signal S is
provided to a gate terminal of the P-type TFT in the CMOS
switch 162. The inverter 163 has an input terminal to which
the instruction signal S is provided and the output terminal
connected to the gate terminal of the P-type TFT in the CMOS
switch 161 and the gate terminal of the N-type TFT in the
CMOS switch 162.

In the above configuration, when the instruction signal S is
at high level, the CMOS switch 161 is brought into ON state
and the CMOS switch 162 is brought into OFF state. As a
result, white display voltage VW is provided to the pixel
electrodes. On the other hand, when the instruction signal S is
at low level, the CMOS switch 161 is brought into OFF state,
and the CMOS switch 162 is brought into ON state. As a
result, signals Qn+1 (output signals Q1 to Q9 ofthe flip-flops)
are provided to the pixel electrodes.

Here, until the time when the first latch portions 111 within
all of the flip-flops hold their respective corresponding data
therein (the period being from time t1 to time t9 in FIGS. 7
and 11), the instruction signal is set at high level, and there-
after (after time t9 in FIGS. 7 and 11), the instruction signal is
set at low level. Therefore, when an image is displayed or the
contents of the image change, the image to be displayed is
presented after full-screen white display is performed. As a
result, noise can be barely perceived.
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<5.5 Fifth Variant>

In the fourth variant, the white display circuit 16 is pro-
vided for each pixel in the pixel memory portion 10. On the
other hand, in the present variant, as a component for setting
the display states of all of the pixels to white display, a voltage
control circuit 17 is provided outside the pixel memory por-
tion 10, as shown in FIG. 19. White display voltage VWin,
black display voltage VBLin, common electrode voltage
VCOMin, and a control signal S are inputted into the voltage
control circuit 17. On the basis of the control signal S, the
voltage control circuit 17 outputs white display voltage VW,
black display voltage VBL, and common electrode voltage
VCOM.

FIG. 20 is a circuit diagram illustrating a specific configu-
ration example of the voltage control circuit 17. The voltage
control circuit 17 includes an inverter 171 and four CMOS
switches 172 to 175, each consisting of a P-type TFT and an
N-type TFT. The inverter 171 has an input terminal to which
a control signal S is provided and an output terminal con-
nected to a gate terminal of the N-type TFT in the CMOS
switch 172, a gate terminal of the P-type TFT in the CMOS
switch 173, a gate terminal of the N-type TFT in the CMOS
switch 174, and a gate terminal of the P-type TFT in the
CMOS switch 175. The CMOS switch 172 has an input
terminal to which white display voltage VWin is provided and
an output terminal connected to wiring for transmitting white
display voltage VW. The gate terminal of the N-type TFT in
the CMOS switch 172 is connected to the output terminal of
the inverter 171, and the control signal S is provided to a gate
terminal of the P-type TFT in the CMOS switch 172. The
CMOS switch 173 has an input terminal to which common
electrode voltage VCOMin is provided and an output terminal
connected to wiring for transmitting white display voltage
VW. The gate terminal of the P-type TFT in the CMOS switch
173 is connected to the output terminal of the inverter 171,
and the control signal S is provided to a gate terminal of the
N-type TFT in the CMOS switch 173. The CMOS switch 174
has an input terminal to which black display voltage VBLin is
provided and an output terminal connected to wiring for
transmitting black display voltage VBL. The gate terminal of
the N-type TFT in the CMOS switch 174 is connected to the
output terminal of the inverter 171, and the control signal S is
provided to a gate terminal of the P-type TFT in the CMOS
switch 174. The CMOS switch 175 has an input terminal to
which common electrode voltage VCOMin is provided and
an output terminal connected to wiring for transmitting black
display voltage VBL. The gate terminal of the P-type TFT in
the CMOS switch 175 is connected to the output terminal of
the inverter 171, and the control signal S is provided to a gate
terminal of the N-type TFT in the CMOS switch 175.

In the above configuration, when the control signal S is at
high level, the CMOS switches 173 and 175 are brought into
ON state, and the CMOS switches 172 and 174 are brought
into OFF state. As a result, common electrode voltage
VCOMin is provided to the pixel memory portion 10 as white
display voltage VW, and common electrode voltage VCOMin
is provided to the pixel memory portion 10 as black display
voltage VBL. At this time, white display voltage VW, black
display voltage VBL, and common electrode voltage VCOM
are equal in magnitude (potential), and therefore in a liquid
crystal display device employing the normally white mode,
the display states of all pixels are set to white display. On the
other hand, when the control signal S is at low level, the
CMOS switches 172 and 174 are brought into ON state, and
the CMOS switches 173 and 175 are brought into OFF state.
As a result, white display voltage VWin is provided to the
pixel memory portion 10 as white display voltage VW, and



US 9,368,056 B2

15

black display voltage VBLin is provided to the pixel memory
portion 10 as black display voltage VBL. At this time, the
display states of the pixels are based on data held in the
flip-flops. Note that in a liquid crystal display device employ-
ing the normally black mode, when the control signal S is at
high level, the display states of all pixels are set to black
display.

Here, until the time when the first latch portions 111 (see
FIG. 5) within all of the flip-flops hold their respective cor-
responding data, the control signal S may be set at high level,
and thereafter, the control signal S may be set at low level, as
shown in FIG. 21. As a result, as in the fourth variant, when an
image is displayed or the contents of the image change, the
image to be displayed is presented after full-screen white
display is performed. Thus, noise can be barely perceived.
Moreover, in the present variant, it is not necessary for each
pixel to be provided with a circuit for setting the display state
of the pixel to white display, so that the display states of the
pixels can be controlled with a relatively simplified configu-
ration.

<5.6 Sixth Variant>

FIG. 22 is a circuit diagram illustrating a specific configu-
ration example of a flip-flop in a sixth variant of the embodi-
ment. As in the embodiment, the flip-flop is configured by a
first latch portion 113 for taking in signal Qn and holding it as
transfer data, and a second latch portion 114 for taking in the
transfer data and holding it as output data, and for outputting
signals Qn+1 and Qn+1B on the basis of the output data.

The first latch portion 113 includes a first clocked inverter
141 in which signal Qn is provided to an input terminal, and
a capacitance 144 in which one end is connected to an output
terminal of the first clocked inverter 141 and the other end is
grounded. Note that the output terminal of the first clocked
inverter 141 is also connected to an input terminal of a third
clocked inverter 146 to be described later.

The second latch portion 114 is configured by the third
clocked inverter 146, which is connected at the input terminal
to the output terminal of the first clocked inverter 141, a
second inverter 147, which is connected at an input terminal
to an output terminal of the third clocked inverter 146, and a
fourth clocked inverter 148, which is connected at an input
terminal to an output terminal of the second inverter 147 and
is also connected at an output terminal to the input terminal of
the second inverter 147. Note that signal Qn+1 is outputted
from the output terminal of the third clocked inverter 146, and
signal Qn+1B is outputted from the output terminal of the
second inverter 147.

With the configuration as described above, in this flip-flop,
acharge is accumulated in the capacitance 144 in accordance
with the value of signal Qn being provided during a period in
which the clock signal CK is at high level and the clock signal
CKB is at low level. In the present variant, the difference in
potential between the ends of the capacitance 144 due to
charge accumulation functions as transfer data. Thereafter, at
the time when the clock signal CK changes from high level to
low level, and the clock signal CKB changes from low level to
high level, the value of signal Qn held in the first latch portion
113 as transfer data appears as the waveform of signal Qn+1.
Moreover, since the transfer data is held in the second latch
portion 114, the waveform of signal Qn+1 is maintained until
the next time the clock signal CK changes from high level to
low level and the clock signal CKB changes from low level to
high level.

In the present variant, the number of transistors included in
the first latch portion 113 is six less than in the above-de-
scribed embodiment. Thus, it is possible to inexpensively
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provide a display device capable of further reducing a circuit
area on a panel substrate and realizing low power consump-
tion by drive using memory.

<6. Other>

While the embodiment has been described taking the liquid
crystal display device as an example, the present invention is
not limited to this. The present invention can also be applied
to other display devices such as organic EL (electrolumines-
cence) display devices.

DESCRIPTION OF THE REFERENCE
CHARACTERS

10 pixel memory portion

11, 11(1) to 11(9) flip-flop

12 voltage selection portion

13 liquid crystal capacitance

16 white display circuit

17 voltage control circuit

19 terminal portion

100 panel substrate

111, 113 first latch portion

112, 114 second latch portion

200 pixel memory drive portion
PMU, PMU(1) to PMU(9) pixel memory unit
CK, CKB clock signal

VBL black display voltage

VW white display voltage

VCOM common electrode voltage
VLC pixel electrode voltage

The invention claimed is:

1. A display device, comprising:

ashift register including m flip-flops provided in respective
pixel areas of m pixels where m is a positive integer,
specific ones of the flip-flops being connected in series
so as to sequentially transfer input data in accordance
with clock signals;

voltage selection portions provided so as to correspond to
their respective flip-flops, each of the voltage selection
portions selecting one of a white display signal and a
black display signal in accordance with a logic value of
an output signal from each of the flip-flops;

display element portions provided so as to correspond to
their respective flip-flops, each of the display element
portions reflecting the voltage selected by the voltage
selection portion in the display state of the pixel that
corresponds to each of the flip-flops; and

a voltage control circuit that controls a waveform of input
signals based on a control signal, wherein

in each of the display element portions, the display state of
the pixel changes based on a difference between the one
of the white display signal and the black display signal
selected by the voltage selection portion and a common
electrode signal,

the voltage control circuit receives a white display input
signal, a black display input signal, and a common elec-
trode input signal as the input signals, a waveform of one
of the white display input signal and the black display
input signal is same as a waveform of the common
electrode input signal, and another of the white display
input signal and the black display input signal is same as
an inverted waveform of the common electrode input
signal,

the voltage control circuit outputs the white display signal,
the black display signal, and the common electrode sig-
nal such that all of the white display signal, the black
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display signal, and the common electrode signal have an
identical waveform when the control signal is at a first
level, and

the voltage control circuit outputs the white display input
signal as the white voltage signal, the black display input
signal as the black display signal, and the common elec-
trode input signal as the common electrode signal when
the control signal is at a prescribed second level which is
different from the first level.

2. The display device according to claim 1, wherein each of

the flip-flops includes:

afirst latch portion for taking in an input signal and holding
it as transfer data; and

a second latch portion for taking in the transfer data and
holding it as output data and outputting the output signal
on the basis of the output data.

3. The display device according to claim 2, wherein, the

first latch portion includes:

a first clocked inverter having an input terminal to which
the input signal is provided, and operating in accordance
with the clock signals;

a first inverter connected at an input terminal to an output
terminal of the first clocked inverter; and

asecond clocked inverter connected at an input terminal to
an output terminal of the first inverter and connected at
an output terminal to the input terminal of the first
inverter, and operating in accordance with the clock
signals, and

the second latch portion includes:

a third clocked inverter connected at an input terminal to
the output terminal of the first inverter and operating in
accordance with the clock signals;

a second inverter connected at an input terminal to an
output terminal of the third clocked inverter; and

a fourth clocked inverter connected at an input terminal to
an output terminal of the second inverter and connected
at an output terminal to the input terminal of the second
inverter, and operating in accordance with the clock
signals, and

the output signal is outputted from the output terminal of
the second inverter.

4. The display device according to claim 2, wherein, the

first latch portion includes:

a first clocked inverter having an input terminal to which
the input signal is provided, and operating in accordance
with the clock signals; and

a capacitance having one end to which an output terminal
of the first clocked inverter is connected and having the
other end to which a predetermined potential is pro-
vided,

the second latch portion includes:

a third clocked inverter connected at an input terminal to
the output terminal of the first clocked inverter and opet-
ating in accordance with the clock signals;

a second inverter connected at an input terminal to an
output terminal of the third clocked inverter; and

a fourth clocked inverter connected at an input terminal to
an output terminal of the second inverter and connected
at an output terminal to the input terminal of the second
inverter, and operating in accordance with the clock
signals, and
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the output signal is outputted from the output terminal of

the second inverter.

5. The display device according to claim 2, wherein, m
pieces of data corresponding to the m flip-flops are provided
to the shift register as the input data, and

the clock signals stop their action after the m pieces of data

are held as the transfer data in the first latch portions
included in the corresponding flip-flops.

6. The display device according to claim 1, wherein,

each of the pixels is composed of n subpixels where n is an

integer of 2 or more,

the flip-flops are provided so as to respectively correspond

to the n subpixels included in the pixels,

nshift registers are provided such that, for each pixel, then

flip-flops corresponding to that pixel constitute a differ-
ent shift register from one another, and

to the n shift registers, different data are provided from one

another as the input data.

7. The display device according to claim 6, wherein n pixel
electrodes forming the n subpixels included in each pixel are
different in area.

8. The display device according to claim 6, wherein,

each of the pixels is composed of three subpixels respec-

tively corresponding to red, green, and blue, and

red data, green data, and blue data are provided as the input

data respectively to three shift registers respectively cor-
responding to the three subpixels.

9. The display device according to claim 1, wherein,

any flip-flop of the m flip-flops is connected in series with

at least one other flip-flop of the m flip-flops.

10. The display device according to claim 1, wherein,

a display data inputted to a first flip-flop of the m flip-flops

is sequentially transmitted to subsequent flip-flops of the
m flip-flops in accordance with the clock signals.

11. The display device according to claim 1, wherein,

the m pixels and the m flip-flops are arranged in matrix of

irowsxj columns,

neighboring flip-flops in each of the 1 rows are connected to

each other, and

in any three consecutive rows,

the flip-flop in the first row, j'th column is connected to the

flip-flop in the second row, j'th column, and the flip-flop
in the second row, first column is connected to the flip-
flop in the third row, first column, or

the flip-flop in the first row, first column is connected to the

flip-flop in the second row, first column, and the flip-flop
in the second row, j'th column is connected to the flip-
flop in the third row, j'th column.

12. The display device according to claim 1, wherein,

the m pixels and the m flip-flops are arranged in matrix of

i rowsxj columns,

neighboring flip-flops in each of the i rows are connected to

each other, and

in any two consecutive rows, the flip-flop in the first row,

j'th column is connected to the flip-flop in the second
row, first column.

13. The display device according to claim 1, wherein

the voltage control circuit outputs the common electrode

input signal as all of the white display signal, the black
display signal, and the common electrode signal when
the control signal is at the first level.
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