US 20140320482A1

12) Patent Application Publication (o) Pub. No.: US 2014/0320482 A1

a9y United States

Kawanaka et al. 43) Pub. Date: Oct. 30, 2014
(34) LIQUID CRYSTAL DISPLAY (LCD) DEVICE (52) US.CL
) ) CPC o, G09G 3/3648 (2013.01)
(71) Applicant: J¥C ﬂg‘;’l‘i’gg Corporation, USPC s 345/214: 345/100
(72) Inventors: Hiroyuki Kawanaka, Yokohama-shi
(JP); Takayuki Iwasa, Yokohama-shi (7) ABSTRACT

(P)

(73) Assignee: JVC KENWOOD CORPORATION,
Yokohama-shi (JP)

(21)  Appl. No.: 14/259,983
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a first switching unit that performs sampling on each frame
data of an input video signal; a first holding unit that config-
ures an SRAM, and holds sub frame data; a second switching
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LIQUID CRYSTAL DISPLAY (LCD) DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to and incor-
porates by reference the entire contents of Japanese Patent
Application No. 2013-093542 filed in Japan on Apr. 26, 2013.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device, and more particularly, to an LCD device
that performs a gradation display by a combination of a plu-
rality of sub frames according to a gradation level represented
by a plurality of bits.

[0004] 2. Description of the Related Art

[0005] In the past, a sub frame drive scheme has been
known as one of half-tone display schemes used in an LCD
device. In the sub frame drive scheme which is akind of a time
axis modulation scheme, a certain period of time (for
example, a frame which is a display unit of an image in a case
of a moving image) is divided into a plurality of sub frames,
and the sub frames are combined according to a gradation to
be displayed so as to drive pixels. The gradation to be dis-
played is decided according to a ratio of a pixel drive period
of time occupied in the certain period of time. The ratio of the
pixel drive period of time occupied in the certain period of
time is decided according to a combination of the divided sub
frames.

[0006] As an LCD device employing the sub frame drive
scheme, known is an LCD device including pixels each of
which includes a master latch, a slave latch, an LCD element,
and three switching transistors of first to third switching tran-
sistors as disclosed in, for example, Japanese Translation of
PCT International Application Publication No. JP-T-2001-
523847 is known. In this case, in each pixel, first data of one
bit is applied to one of two input terminals of the master latch
through the first switching transistor; and second data of one
bit having a complementary relation with the first data is
applied to another input terminal through the second switch-
ing transistor. Then, when a target pixel is selected as a row
selection signal applied through a row scanning line, the first
switching transistor and the second switching transistor are
turned on, and the first data is written. When the first data has
alogical value of “1” and the second data has a logical value
of “0,” the pixel performs a display based on data.

[0007] After each data is written in all pixels by the above-
described operation within a certain sub frame period of time,
the third switching transistors of all pixels are turned on
within the sub frame period of time. Then, the data written in
the master latch is read out to the slave latch with a certain
time difference. Then, the data latched in the slave latch is
applied to a pixel electrode of the LCD element. The above-
described series of operations are repeated at intervals of sub
frames, and a desired gradation display is performed based on
combinations of all sub frames within one frame period of
time.

[0008] In other words, in the LCD device employing the
sub frame drive scheme, certain display periods of time which
are the same as or different from each other are allocated to all
sub frames present within one frame period of time. Further,
each pixel performs a white display in all sub frames at the
time of a maximum gradation display (displayed), but does
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not perform a white display in all sub frames at the time of a
minimum gradation display (not displayed, that is, displayed
black). In the case other than at the time of the maximum
gradation display or the minimum gradation display, a sub
frame to be displayed white is selected according to a grada-
tion to be displayed white. In addition, in the LCD device
according to the related art, data to be input is digital data
representing a gradation, and a digital drive scheme of a
two-stage latch configuration is used.

[0009] However, in the LCD device according to the related
art, each of the two latches in each pixel is configured with a
so-called static random access memory (SRAM), and thus the
number of transistors configuring the circuit becomes large.
Thus, there is a problem in that it is difficult to reduce the size
of apixel. Further, data written in the two-stage master latches
is read out to the slave latch at the same time, and the data
latched in the slave latch is applied from the slave latch to the
pixel electrode of the LCD element. At this time, however,
when switching is performed on all pixels at the same time (at
one time), all pixels are read out and thus a consumption
current at the moment becomes extremely high. The occur-
rence of an instantaneous peak of consumption current results
in adrop in a power voltage or an increase in a GND voltage,
which seriously influences the drive operation of the whole
LCD device.

SUMMARY OF THE INVENTION

[0010] There is a need to at least partially solve the prob-
lems in the conventional technology.

[0011] Provided is a liquid crystal display (LCD) device,
including a plurality of pixels which are formed at crossing
portions at which a plurality of column data lines cross a
plurality of row scanning lines. The pixel includes: a display
element in which a space, between a pixel electrode and a
common electrode opposite to each other, is filled with a
liquid crystal and sealed; a first switching unit that performs
sampling for a display on each frame data of an input video
signal using a plurality of sub frames having a display period
of time shorter than one frame period of time through the
column data line; a first holding unit that configures an static
dynamic random access memory (SRAM) together with the
first switching unit, and holds sub frame data obtained by the
sampling performed by the first switching unit; a second
switching unit that causes the sub frame data held in the first
holding unit to be output; and a second holding unit that
configures a dynamic random access memory (DRAM)
together with the second switching unit, and applies output
data, in which memory content is rewritten according to the
sub frame data which is held in the first holding unit and is
input through the second switching unit, to the pixel elec-
trode, a pixel control unit that performs an operation of
repeating writing the sub frame data in the first holding unit in
units of rows in the plurality of pixels, turning on the second
switching units of all the plurality of pixels by a trigger pulse
after the sub frame data is written in all the plurality of pixels,
and rewriting memory content of the second holding units of
the plurality of pixels according to the sub frame data that is
held in the first holding unit, in units of sub frames; and a
timing control unit that performs control such that a delay of
a certain period of time is sequentially given to a timing at
which the pixel control unit turns on the second switching unit
in units of rows of pixels. The above and other objects, fea-
tures, advantages and technical and industrial significance of
this invention will be better understood by reading the fol-
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lowing detailed description of presently preferred embodi-
ments of the invention, when considered in connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a configuration diagram illustrating an
LCD device 10 according to an embodiment;

[0013] FIG. 2 is a diagram illustrating an exemplary con-
figuration of an inverter chain circuit of the LCD device 10,
[0014] FIG. 3 is a circuit diagram illustrating a pixel 12
according to an embodiment;

[0015] FIG. 4 is a circuit diagram illustrating an inverter
according to an embodiment;

[0016] FIGS.5A and 5B are circuit diagrams illustrating an
inverter chain according to an embodiment;

[0017] FIG. 6 is a diagram illustrating an exemplary cross-
sectional structure of a pixel 12 according to an embodiment;
[0018] FIG. 7 is an explanatory diagram for describing
multiplexing a saturation voltage of a liquid crystal of the
LCD device 10 and a threshold voltage of the liquid crystal
into binary-weighted pulse width modulation data; and
[0019] FIG. 8 is a diagram for describing a magnitude
relation of drive force between inverters configuring two
SRAMS.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Hereinafter, an exemplary embodiment of the
present invention will be described with reference to the
appended drawings. FIG. 1 is a block diagram of an LCD
device 10 according to an embodiment. The LCD device 10
includes an image display unit 11 in which a plurality of
pixels 12 are regularly arranged, a timing generator 13, a
vertical shift register 14, a data latch circuit 15, a horizontal
driver 16, and an inverter chain circuit 17.

[0021] The horizontal driver 16 includes a horizontal shift
register 161, a latch circuit 162, and a level shifter/pixel driver
163.

[0022] The image display unit 11 includes a total of mxn
pixels 12 which are formed at crossing portions at which m
row scanning lines gl to gm (m is a natural number of 2 or
more) whose one ends are connected to the vertical shift
register 14 and extend in a row direction (an X direction) cross
n column data lines d1 to dn (n is a natural number of 2 or
more) whose one ends are connected to the level shifter/pixel
driver 163 and extend in a column direction (aY direction),
being arranged in the form of a two-dimensional matrix (the
image display unit being represented by a block surrounded
by a dotted line in FIG. 1). A pixel 12A and a pixel 12B are
two neighboring pixels connected to the same row scanning
line. All the pixels 12A and 12B in the image display unit are
commonly connected to trigger pulse trigger lines trig and
trigb whose one ends are connected to a timing generator. All
the pixels 12 in the image display unit 11 are commonly
connected to m trigger lines trigl to trigm (m is a natural
number of 2 or more) whose one ends are connected to the
inverter chain circuit 17 and which extend in the row direction
in units of rows.

[0023] In FIG. 1, the n column data lines d1 to dn are
illustrated as the column data line; but there are cases in which
a total of n sets of column data lines, each of which includes
anormal data column data line dj and an inverted data column
data line dbj, are used. The normal data transmitted through
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the normal data column data line dj and the inverted data
transmitted through the inverted data column data line dbj are
data of one bit consistently having an inverse logical value
relation (a complementary relation).

[0024] Further, in FIG. 1, each of the trigger lines trigl to
trigm is also illustrated by one line, but there are cases in
which two trigger lines of normal trigger pulse trigger lines
trigl to trigm and inverted trigger pulse trigger lines trigl to
trigm are used. The normal trigger pulse transmitted through
the normal trigger pulse trigger lines trigl to trigm and the
inverted trigger pulse transmitted through the inverted trigger
pulse trigger lines trigl to trigm are consistently in an inverse
logical value relation (a complementary relation).

[0025] The timing generator 13 receives external signals
such as a vertical synchronous signal Vst, a horizontal syn-
chronous signal Hst, and a basic clock CLK from a higher-
level device 20 as an input signal. The timing generator 13
generates various kinds of internal signals such as an alter-
nating current signal FR, a'V start pulse VST, an H start pulse
HST, a clock signal VCK, a clock signal HCK, a latch pulse
LT, and a trigger pulse TRI based on the external signals.
[0026] Among the internal signals, the alternating current
signal FR is a signal whose polarity is reversed at intervals of
sub frames. The alternating current signal FR is supplied to a
common electrode of an LCD element in the pixels 12 con-
figuring the image display unit 11 as a common electrode
voltage Veom, which will be described later. Switching of sub
frames is controlled by the start pulse VST.

[0027] The start pulse HST is a pulse signal that is input to
the horizontal shift register 161 and output at a start timing.
The clock signal VCK is a shift clock specifying one hori-
zontal scanning period of time (1H) in the vertical shift reg-
ister 14, and the vertical shift register performs a shift opera-
tion according to a timing of the clock signal VCK. The clock
signal HCK is a shift clock in the horizontal shift register 161
and used to shift data by a 32-bit width.

[0028] The latch pulse LT is a pulse signal which is output
at a timing at which the horizontal shift register 161 com-
pletes shifting data by the number of pixels corresponding to
one row in a horizontal direction. The trigger pulse TRI is a
pulse signal which is supplied to the inverter chain circuit 17
through the trigger line trig. When the trigger pulse TRI is
input, the inverter chain circuit 17 sequentially outputs pulses
to the trigger lines trigl to trigm with a small time difference,
and supplies a pulse signal to the pixels in the pixel display
unit 11 in units of rows. The trigger pulse TRI is sequentially
output to a first signal holding unit (not illustrated in FIG. 1)
provided in each of the pixels 12 in the image display unit 11
immediately after writing of data is completed. Further,
within the corresponding sub frame period of time, data ofthe
first signal holding unit of each of the pixels 12 in the image
display unit 11 is transferred to a second signal holding unit
(not illustrated in FIG. 1) in the same pixel within a certain
period of time. The first signal holding unit and the second
signal holding unit will be described later in detail.

[0029] The vertical shift register 14 transfers the V start
pulse VST first supplied in each sub frame according to the
clock signal VCK. The vertical shift register sequentially and
exclusively supplies a row scanning signal to the row scan-
ning lines gl to gm in units of Hs. As a result, the row
scanning lines are sequentially selected one by one at inter-
vals of Hs starting from the row scanning line g1 present at the
highest position in the image display unit 11 toward the row
scanning line gm present at the lowest position.
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[0030] Thedatalatch circuit 15 latches data having a 32-bit
width divided for each sub frame supplied from an external
circuit (not illustrated) based on a basic signal CLK supplied
from the higher-level device 20, and then outputs the latched
data to the horizontal shift register 161 in synchronization
with the basic signal CLK.

[0031] Here, inthe present embodiment in which one frame
of a video signal is divided into a plurality of sub frames
having a display period of time shorter than one frame period
of time of the video signal so that a gradation display is
performed by a combination of the sub frames, in a higher-
level configuration circuit present outside the pixels and the
peripheral circuits, gradation data representing a gradation of
each pixel of the video signal is converted into sub frame data
of onebit of each sub frame unit used to indicating a gradation
of each pixel in all the plurality of sub frames. Further, in the
higher-level configuration circuit present outside the pixels
and the peripheral circuits, the sub frame data corresponding
to 32 pixels in the same sub frame is supplied to the data latch
circuit 15 together as the data having the 32-bit width.
[0032] From a point of view in a processing system of
one-bit serial data, the horizontal shift register 161 starts
shifting according to the H start pulse HST first supplied in
one H from the timing generator 13; and shifts data having a
32-bit width supplied from the data latch circuit 15 in syn-
chronization with the clock signal HCK. The latch circuit 162
latches data of n bits (that is, sub frame data corresponding to
n pixels in the same row) supplied in parallel from the hori-
zontal shift register 161 according to the latch pulse LT sup-
plied from the timing generator 13 at a point in time in which
the horizontal shift register 161 ends shifting data of n bits
which are equal to the number n of pixels corresponding to
one row in the image display unit 11; and outputs the latched
data to a level shifter of the level shifter/pixel driver 163.
[0033] When transfer of data to the latch circuit 162 ends,
the H start pulse is output from the timing generator 13 again;
and the horizontal shift register 161 shifts data having a 32-bit
width supplied from the data latch circuit 15 again according
to the clock signal HCK.

[0034] The level shifter provided in the level shifter/pixel
driver 163 shifts signal levels of n pieces of sub frame data,
corresponding to n pixels of one row which are latched and
supplied by the latch circuit 162, up to a liquid crystal drive
voltage. The pixel driver equipped in the level shifter/pixel
driver 163 outputs n pieces of sub frame data, corresponding
to npixels of one row after level shifting, to the n data lines d1
to do in parallel.

[0035] The horizontal shift register 161, the latch circuit
162, and the level shifter/pixel driver 163 configuring the
horizontal driver 16 perform an output of data to a row of
pixels inwhich current data is written within one H, in parallel
with shifting of data related to a row of pixels in which data is
written within a next H. In a certain horizontal scanning
period of time, n pieces oflatched sub frame data correspond-
ing to one row are output to the n data lines d1 to dn together
in parallel and at the same time as a data signal.

[0036] Among the plurality of pixels 12 configuring the
image display unit 11, the n pixels 12 of one row selected by
the row scanning signal from the vertical shift register 14
perform sampling on n pieces of sub frame data of one row
output together from the level shifter/pixel driver 163 through
the n data lines d1 to dn; and writes the resultant data into the
first signal holding unit (not illustrated in FIG. 1) which will
be described later in each of the pixels 12.
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[0037] Next, the details of the inverter chain circuit 17 will
be described with reference to FIG. 2. Each of from INVs 41a
and 415, INVs 42q and 426 to INVs 4ma and 4mb is an
inverter circuit configured with a complementary metal oxide
semiconductor (CMOS) transistor, and configures an inverter
chain circuit in which mx2 or more of inverters (m is a natural
number of 2 or more) are connected in series.

[0038] A polarity of a TRI signal input to trig0 is reversed
by the INV 41q, and is output to trigh1. The trigh1 is also an
input ofthe INV 415, of which polarity is reversed by the INV
41b, and the resultant signal is output to trigl. For example,
when the TRI pulse has the “H” level, trigh1 becomes the “L.”
level, and trigl becomes the “H” level. An inverter located
behind the INV 42a performs the same operation, trighm
becomes the “L” level, and trigm becomes the “H” level.
[0039] Here, a time difference occurs between an input and
an output of each inverter circuit. For example, a time differ-
ence between an input and an output of an inverter circuit is
decided according to drive force of a CMOS transistor to be
configured, and for example, in the present embodiment, a
delay of about 10 ps (picoseconds) per one inverter occurs.
Thus, the input signal TRI is output with a time difference of
about mx2x10 ps as an output of trighm.

[0040] Next, embodiments of the pixel 12 which is the main
part of the LCD device will be described in detail. FIG. 3 is a
circuit diagram of a first embodiment of a pixel which is the
main part. InFIG. 3, the pixel 12A ofthe present embodiment
is a pixel formed at a crossing portion of an arbitrary column
data line d and an arbitrary row scanning line g in FIG. 1; and
includes a static random access memory (SRAM) 201 con-
figured with a switch SW 11 configuring a first switching umt
and a first signal holding unit (SM) 121, a dynamic random
access memory (DRAM) 202 configured with a switch SW12
configuring a second switching unit and a second signal hold-
ing unit (DM) 122, and an LCD element LC. The LCD ele-
ment LC has a structure in which a space between a reflecting
electrode PE and a common electrode CE which are arranged
at opposite positions is filled with a liquid crystal LCM and
sealed.

[0041] The switch SW 11 is configured with an N channel
metal oxide semiconductor (MOS) transistor (hereinafter,
referred to as an “NMOS transistor”) in which a gate is
connected to the row scanning line g, a drain is connected to
the column data line d, and a source is connected to an input
terminal of the SM 121. The SM 121 is a self-holding type
memory including two inverters INV11 and INV12 in which
an output terminal of one inverter is connected to an input
terminal of the other inverter.

[0042] The input terminal of the inverter INV11 is con-
nected to the output terminal of the inverter INV12 and the
source of the NMOS transistor configuring the switch SW11.
The input terminal of the inverter INV12 is connected to the
switch SW12 and the output terminal of the inverter INV11.
Both the inverter INV11 and the inverter INV12 have a con-
figuration of a CMOS inverter including a P channel MOS
transistor (hereinafter, referred to as a “PMOS transistor”)
PTr and an NMOS transistor NTr in which gates are con-
nected to each other and drains are connected to each other, as
illustrated in FIG. 4, but differ in drive force.

[0043] Inother words, atransistor, having drive force larger
than the transistor in the inverter INV12 at the output side
configuring the SM 121 from a point of view of the switch
SW11, is used as the transistor in the inverter INV11 at the
input side configuring the SM 121 from a point of view of the
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switch SW11. Further, the drive force of the NMOS transistor
configuring the switch SW11 is larger than the drive force of
the NMOS transistor configuring the inverter INV12.

[0044] This is because when data of the SM 121 is rewrit-
ten, particularly when a voltage a of the SM 121 at the input
side of the switch SW11 has the “L” level and data supplied
through the column data line d has the “H” level, the voltage
a needs to be higher than an input voltage inverted by the
inverter INV11. The voltage a having the “H” level is decided
by a ratio of an electric current of the NMOS transistor con-
figuring the inverter INV12 and an electric current of the
NMOS transistor configuring the switch SW11. At this time,
since the switch SW11 is the NMOS transistor, when the
switch SW11 is turned on, a power voltage VDD supplied
through the column data line d is not input to the SM 121 due
to athreshold voltage Vth of a transistor; and a voltage having
the “H” level becomes a voltage which is lower than the VDD
by Vth. In addition, at this voltage, an electric current hardly
flows since it is driven at around Vth of a transistor. In other
words, as the voltage a electrically passing through the switch
SW11 increases, an electric current flowing through the
switch SW11 decreases.

[0045] Inother words, when the voltage a has the “H” level,
in order to reach a voltage equal to or higher than a voltage
inverted by the transistor at the input side of the inverter
INV11, an electric current flowing to the switch SW11 needs
to be larger than an electric current flowing through the
NMOS transistor configuring the transistor of the inverter
INV12 at the output side. Thus, since the NMOS transistor
configuring the switch SW11 is configured to have the drive
force larger than the drive force of the NMOS transistor
configuring the inverter INV12, the transistor size of the
NMOS transistor configuring the switch SW11 and the tran-
sistor size of the NMOS transistor configuring the inverter
INV12 need to be decided in view of'this fact.

[0046] The switch SW12 has a known transmission gate
configuration including an NMOS transistor Trl and a PMOS
transistor Tr2 in which each of the drains is connected each
other, and each of the sources is connected each other. The
gate of the NMOS transistor Trl is connected to the normal
trigger pulse trigger line trig, and the gate of the PMOS
transistor Tr2 is connected to the inverted trigger pulse trigger
line trigh.

[0047] Further, one end of the switch SW12 is connected to
the SM 121, and the another end thereof is connected to the
DM 122 and the reflecting electrode PE of the LCD element
LC. Thus, when the normal trigger pulse supplied through the
trigger line trig has the “H” level (at this time, the inverted
trigger pulse supplied through the trigger line trigh has the
“L”1evel), the switch SW12 is turned on; and so memory data
of the SM 121 is read out and is transferred to the DM 122 and
the reflecting electrode PE. Further, when the normal trigger
pulse supplied through the trigger line trig has the “L” level
(at this time, the inverted trigger pulse supplied through the
trigger line trigh has the “H” level), the switch SW12 is turned
off; and so memory data of the SM 121 is not read out.

[0048] Since the switch SW12 has the known transmission
gate configuration including the NMOS transistor Tr1 and the
PMOS transistor Tr2, the switch SW12 can turn on or off the
voltage in the range from the GND to the VDD. In other
words, when signals applied to the gates of the NMOS tran-
sistor Tr1 and the PMOS transistor Tr2 have the GND poten-
tial (the “L” level), the PMOS transistor Tr2 is not brought
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into conduction; and instead, the NMOS transistor Trl is
brought into conduction with low resistance.

[0049] However, when the gate input signal have the VDD
potential (the “H” level), the NMOS transistor Trl is not
brought into conduction; and instead, the PMOS transistor
Tr2 is brought into conduction with low resistance. Thus, the
voltage range from the GND to the VDD can be switched with
low resistance/high resistance by performing control of turn-
ing on or off the transmission gate configuring the switch
SW12 by the normal trigger pulse supplied through the trig-
ger line trig and the inverted trigger pulse supplied through
the trigger line trigh.

[0050] The DM 122 is configured with a capacitor C1.
Here, in the case in which memory data of the SM 121 is
different from holding data of the DM 122, when the switch
SW12 is turned on and the memory data of the SM 121 is
transferred to the DM 122, the holding data of the DM 122
needs to be replaced with the memory data of the SM 121.

[0051] When the holding data of the capacitor C1 config-
uring the DM 122 is to be rewritten, the holding data changes
according to charging or discharging; and charging and dis-
charging of the capacitor C1 are driven by output signal of the
inverter INV11. When the holding data of the capacitor C1 is
to be written from the “L” level to the “H” level by charging,
the output signal of the inverter INV11 is “H,”; and at this time
the PMOS transistor (PTr of FIG. 4) configuring the inverter
TVN11 is turned on and the NMOS transistor (NTr of FIG. 4)
is turned off, so that the capacitor C1 is charged by the power
voltage VDD connected to the source of the PMOS transistor
of the inverter INV11.

[0052] Meanwhile, when the holding data of the capacitor
Cl1 is to be rewritten from the “H” level to the “L” level by
discharging, the output signal of the inverter INV11 has the
“L” level; and at this time, the NMOS transistor (NTr of FIG.
4) configuring the inverter INV11 is turned on, and the PMOS
transistor (PTr of FIG. 4) is turned off, so that charges accu-
mulated in the capacitor C1 are discharged to the GND
through the NMOS transistor (NTr of FIG. 4) of the inverter
INV11. The switch SW12 is configured with an analog switch
using the above-described transmission gate, and thus can
cause the capacitor C1 to be charged or discharged at a high
speed.

[0053] Further, in the present embodiment, since the drive
force of the inverter INV11 is set to be larger than the drive
force of the inverter INV12, it is possible to drive the capaci-
tor C1 configuring the DM 122 to be charged or discharged at
ahigh speed. Further, when the switch SW12 is turned on, the
charges accumulated in the capacitor C1 have influence on
the input gate of the inverter INV12; but as the drive force of
the inverter INV11 is set to be larger than the drive force of the
inverter INV12, charging and discharging of the capacitor C1
by the inverter INV11 is given higher priority than data input
inversion of the inverter INV12, and so it does not happen that
the memory data of the SM 121 is rewritten.

[0054] When the capacitor C is charged or discharged, a
power current or a GND current instantaneously increases. In
other words, when the output signal of the inverter INV11 is
“H,” the capacitor C1 is charged by the power voltage VDD,
and when the output signal of the inverter INV11 is “L,” the
charges accumulated in the capacitor C1 is discharged to the
GND, so that an electric current is generated. As the electric
current is instantaneously generated, the power voltage drops,
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or the GND voltage increases; and thus there is a possibility
that there will be a problem in that a malfunction or image
distortion occurs.

[0055] For example, in the case in which a pixel of a 3 pm
pitch is configured with a transistor of a power voltage 3.3 V,
apixel display unit includes 4000 pixels in a horizontal direc-
tion and 2000 pixels in a vertical direction, and a capacitance
of a capacitor C per pixel is set to 10 {F (femtofarad), and
when the capacitors C of all pixels of the pixel display unit 11
are charged at once, the power voltage instantaneously drops
by 1V or more, and a malfunction and image distortion occur.

[0056] In this regard, the LCD device 10 according to the
embodiment employs the following configuration in order to
suppress a variation in a voltage. The trigger line trig is
connected to an output trigy (y is a natural number of 1 to m)
of the inverter chain circuit 17 corresponding to each row of
pixels in the pixel display unit. Similarly, the trigger line trigh
is connected to an output trigby (y is a natural number of 1 to
m) of the inverter chain circuit 17 corresponding to each row
of pixels in the pixel display unit.

[0057] Sincethereis atime difference between an input and
an output of each inverter circuit in the inverter chain circuit
as described above, the inverter chain circuit 17 operates
using the TRIsignal supplied from the timing generator 13 as
an input pulse, so that the signals trigl to trigm are sequen-
tially output with a time difference due to a delay in an input
and an output of each inverter (from the INVs 41a and 415,
INVs 42a and 425 to the INVs 4ma and 4mb of FIG. 2). In
other words, timing control of turning on the switch SW12
and sequentially giving a delay of a certain period of time in
units of rows of pixels is performed by using the inverter chain
circuit. Further, trigh1 to trighm consistently have an inverse
logical value relation (a complementary relation) with trig1 to
trigm. Further, in order to increase a delay amount, it is
effective to add inverters of two or more (even number)
stages, that is, inverters of 2N stages (N is a natural number)
between trig outputs.

[0058] As the trig and trigh signals with a time difference
are sequentially supplied in units of rows of pixels of the pixel
display unit 11 as described above, it is possible to delay an
ON timing of the switch SW12; it is possible to average an
instantaneous variation in the power voltage and the GND
voltage with the charging or discharging of the capacitor C in
a time axis direction; and it is possible to prevent a malfunc-
tion and image distortion.

[0059] At this time, as another problem, in the above-de-
scribed embodiment, as there is a slight mismatch in an ON
timing of the switch SW12 between pixels in the vertical
direction, a luminance difference is likely to occur between
pixels in the vertical direction. In this regard, a configuration
of an inverter chain for solving the problem is illustrated in
FIG. 5A. In this configuration, two inverter chain circuits,
whose output shift directions are opposite to each other, are
equipped; selecting switches for selecting one of the outputs
of the two inverter chain circuits are arranged in units of rows
of pixels; the selecting switches are connected to the switch
SW12; and the selecting switches perform switching at inter-
val of the sub frames. In other words, two inverter chain
circuits, that is, an inverter chain circuit A of shifting in an
upward direction and an inverter chain circuit B of shifting in
adownward direction are provided; and the two inverter chain
circuits are alternately selected at intervals of pixel drive sub
frames.
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[0060] The alternate selection is performed according to a
signal UD_ctr] (not illustrated) supplied from the timing gen-
erator; an input trig0 of each inverter chain A or B is selected
by a switch; and trigl to trigm and a switch for selecting an
output of an inverter chain are switched as well. As a result,
the luminance differences in the vertical direction of the
screen are averaged in units of sub frames, and thus the entire
screen can be uniformly displayed.

[0061] Further, as another problem, when a delay of an
inverter chain is too long, a ratio of a delay time to a sub frame
period of time increases, so that luminance of a screen is
likely to decrease. In this regard, timing control of turning on
the switch SW12 and sequentially giving a delay of a certain
period of time in units of rows of pixels is performed by using
aplurality of inverter chain circuits divided in units of rows of
pixels in the row direction. In this case, the inverter chain
circuits start to be driven at the same time according to a
common trigger pulse. FIG. 5B illustrates a configuration of
an inverter chain in this case. In the configuration of F1G. 5B,
compared to the configuration of FIG. 5A, the inverter chain
circuit is vertically divided into two; four inverter chain cir-
cuits, that is, inverter chain circuits A1 and A2 of shifting in an
upward direction and inverter chain circuits B1 and B2 of
shifting in a downward direction are provided; and the
inverter chain circuits Al and A2 and the inverter chain cir-
cuits B1 and B2 are alternately selected at intervals of pixel
drive sub frames.

[0062] The alternate selection is performed according to a
signal UD_ctrl (not illustrated) supplied from the timing gen-
erator; an input trig0 of each inverter chain A1 and A2 or B1
and B2 is selected by a switch; and trig1 to trigm are switched
by a switch selecting an output of an inverter chain as well. In
this case, a delay time per inverter chain from a first stage to
a last stage halves; and a ratio of a delay time to a sub frame
period of time can be also reduced, so that a decrease in a
screen luminance can be suppressed. Further, the inverter
chain is preferably configured such that vertical shift direc-
tions are opposite to each other in a left-right combination,
and for example, it is preferable that the inverter chain circuit
A2 be configured to shift in the downward direction, and the
inverter chain B2 be configured to shift in the upward direc-
tion. The inverter chain may be vertically divided into three or
more other than two, and the optimal number of divisions is
preferably decided according to a consumption current
amount.

[0063] Further, each of the SRAM 201 and the DRAM 202
may be configured with a two-stage DRAM including a
capacitor and a switch; but in this case, when a capacitor used
instead of the SM 121 and a capacitor configuring a DM are
brought into conduction, charges are neutralized so that it is
difficult to get the amplitude of the GND and VDD voltages.
On the other hand, according to the pixel 12A illustrated in
FIG. 3, it is possible to transfer 1-bit data from the SM 121 to
the DM 122 with the amplitude of the GND and VDD volt-
ages; it is possible to set an applying voltage of the LCD
element LC to a high value when driven at the same power
voltage; and thus it is possible to get a large dynamic range.
[0064] Further, a configuration in which the SRAM 201 is
changed into a configuration including a capacitor and a
switch, and the DRAM 202 is changed into an SRAM may be
considered, but in this case, there is a problem in that an
operation is unstable compared to the pixel 12A ofthe present
embodiment of FIG. 3. In other words, in the case of the above
configuration, it is necessary to rewrite memory data of the
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SRAM used instead ofthe DM 122 with charges accumulated
in the capacitor used instead of the SM 121; but since a data
holding capability of a memory by the SRAM is typically
stronger than a charge holding capability of the capacitor,
there is a possibility that there will be a problem in that
charges of the capacitor used instead of the SM 121 of a
previous stage is rewritten with memory data of an SRAM
used instead of the DM 122. Further, in this case, since a large
capacitor needs to be used in order to prevent the capacitor
used instead of the SM 121 from being rewritten with data of
an SRAM of a subsequent stage, a pixel pitch increases; and
thus there is a problem in that it is difficult to reduce the size
of a pixel.

[0065] According to the pixel 12A of the present embodi-
ment illustrated in FIG. 3, not only effects of being able to set
the applying voltage of the LCD element LC to a high value
as described above and get a large dynamic range but also a
large effect of being able to reduce the size of a pixel is
obtained. A reduction in the size of a pixel can be achieved
because each of the inverter INV11 and the inverter INV12 is
configured with two transistors as illustrated in FIG. 3, a pixel
includes a total of seven transistors and a single capacitor C1
and so can be configured with a smaller number of elements
than a pixel according to a related art; and also as will be
described later, it is possible to effectively arrange the SM
121, the DM 122, and the reflecting electrode PE in a height
direction of an element.

[0066] FIG. 6isa cross-sectional configuration diagram of
an embodiment of a pixel which is a main part of an LCD
device. As the capacitor C1 illustrated in FIG. 3, a metal-
insulator-metal (MIM) capacitor in which a capacitor is
formed between interconnections, a diffusion capacitor in
which a capacitor is formed between a substrate and polysili-
con, a poly-insulator-poly (PIP) capacitor in which a capaci-
tor is formed between two polysilicon layers, or the like can
be used. FIG. 6 is a cross-sectional configuration diagram of
an LCD device in which the capacitor C1 has an MIM con-
figuration.

[0067] Referring to FIG. 6, a PMOS transistor PTr11 of the
inverter INV11 and a PMOS transistor Tr2 of the switch
SW12 are formed on an N well 101 formed in a silicon
substrate 100 such that a diffusion layer serving as a drain is
shared by the two transistors and so drains of the two transis-
tors are connected to each other. Further, an NMOS transistor
NTr12 of the inverter INV12 and an NMOS transistor Tr1 of
the switch SW12 are formed on a P well 102 formed in the
silicon substrate 100 such that a diffusion layer serving as a
drain is shared by the two transistors and so drains of the two
transistors are connected 1o each other. The NMOS transistor
configuring the inverter INV11 and the PMOS transistor con-
figuring the inverter INV12 are not illustrated in FIG. 6.
[0068] Further, above the transistors PTr11, Tr2, Trl, and
NTr12, a first metallic layer 106, a second metallic layer 108,
a third metallic layer 110, an electrode 112, a fourth metallic
layer 114, and a fifth metallic layer 116 are stacked such that
an inter-layer insulating film 105 is interposed between the
metallic layers. The fifth metallic layer 116 configures
reflecting electrode PE formed for each pixel. The diffusion
layers configuring the sources of the NMOS transistor Trl
and the PMOS transistor Tr2 configuring the switch SW12
are electrically connected to the first metallic layer 106
through a contact 118, and are electrically connected to the
second metallic layer 108, the third metallic layer 110, the
fourth metallic layer 114, and the fifth metallic layer 116
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through holes 119a, 1195, 119¢, and 119e. In other words, the
sources of the NMOS transistor Tr1 and the PMOS transistor
Tr2 configuring the switch SW12 are electrically connected
to the reflecting electrode PE.

[0069] Further, a passivation film (PSV) 117 is formed on
the reflecting electrode PE (the fifth metallic layer 116) as a
protection film, apart from the common electrode CE which is
a transparent electrode at an opposite position. A space
between the pixel electrode PE and the common electrode CE
is filled with the liquid crystal LCM and sealed, thereby
configuring the LCD element LC.

[0070] Here, the electrode 112 is formed above the third
metallic layer 110 with the inter-layer insulating film 105
interposed therebetween. The electrode 112 configures the
capacitor C1 together with the inter-layer insulating film 105
between the third metallic layer 110 and the third metallic
layer 110. When the capacitor C1 has the MIM structure, the
SM 121, the switch SW11, and the switch SW12 can be
formed using the transistor and interconnections of the first
metallic layer 106 and the second metallic layer 108; and the
DM 122 can be formed by an MIM interconnection using the
third metallic layer 110 above the transistor. The electrode
112 is electrically connected to the fourth metallic layer
through the through hole 1194, and the fourth metallic layer
114 is electrically connected to the reflecting electrode PE
through the through hole 119¢; and thus the capacitor C1 is
electrically connected to the reflecting electrode PE.

[0071] Light, emitted from a light source (not illustrated)
transmits the common electrode CE and the liquid crystal
LCM, is incident on the reflecting electrode PE (the fifth
metallic layer 116); reflected by the reflecting electrode PE;
reversely goes along an original incident path; and exits
through the common electrode CE.

[0072] According to the present embodiment, as illustrated
in FIG. 6, the fifth metallic layer 116 which is a fifth inter-
connection layer is allocated to the reflecting electrode PE,
and thus the SM 121, the DM 122, and the reflecting electrode
PE can be effectively arranged in the height direction,
whereby a reduction in the size of a pixel can be achieved. As
a result, a pixel having a pitch of 3 um or less can be config-
ured with a transistor of a power voltage 3.3 V. Through the
pixels having the pitch of 3 pm, it is possible to implement a
liquid crystal display panel of which a diagonal length is 0.55
inches, 4000 pixels are arranged in the horizontal direction,
and 2000 pixels are arranged in the vertical direction.
[0073] Next, an operation of the LCD device 10 using the
pixel 12A of the present embodiment will be described with
reference to a timing chart of FIG. 7.

[0074] As described above, in the LCD device 10 of FIG. 1,
since the row scanning lines are sequentially selected one by
one from the row scanning line gl toward the row scanning
line gm at intervals of Hs according to the row scanning signal
supplied from the vertical shift register 14, the plurality of
pixels 12 (12A) configuring the image display unit 11 write
data in units of n pixels of one row commonly connected to
the selected row scanning line. Then, when writing ends in all
the plurality of pixels 12 (12A) configuring the image display
unit 11, data is read out from all pixels based on the trigger
pulse within a certain period of time.

[0075] (A) of FIG. 7 schematically illustrates a writing
period of time and a reading period of time of a pixel for
one-bit sub frame data to be output from the horizontal driver
16 to the column data line d (d1 to dn). A left-downward
oblique line represents a writing period of time. In (A) of FIG.
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7, B0b, B15, and B2b represent inverted data of data of bits
B0, B1, and B2. (B) of FIG. 7 illustrates a trigger pulse that is
output from the timing generator 13 to the normal trigger
pulse trigger line trig0. The trigger pulse is output at intervals
of sub frames. As described above, trig0 is output to trigl to
trigm through the inverter chain circuit 17 with a time differ-
ence. Here, since the time difference is slight, its illustration
is not presented.

[0076] First, when the pixel 12A is selected by the row
scanning signal, the switch SW11 is turned on; and the nor-
mal sub frame data of the bit B0 of (A) of FIG. 7 to be output
to the column data line d is sampled by the switch SW11 and
written into the SM 121 of the pixel 12A. Similarly, the sub
frame data of the bit B0 is written into the SM 121 of all the
pixels 12A configuring the image display unit 11; and at a
time T1 illustrated in FIG. 7 after the writing operation ends,
as illustrated in (B) of FIG. 7, the normal trigger pulse having
the “H” level is supplied to all the pixels 12A configuring the
image display unit 11 through the inverter chain circuit 17
with a certain time difference.

[0077] Through this operation, the switches SW12 of all the
pixels 12 A are turned on, the normal sub frame data of the bit
B0 stored in the SM 121 is collectively transferred to and held
in the capacitor C1 configuring the DM 122 through the
switch SW12, and applied to the reflecting electrode PE. A
holding period of time, in which the capacitor C1 holds the
normal sub frame data of the bit B0, is one sub frame period
of time from the time T1 1o a time T2 at which a next normal
trigger pulse having the “H” level is input as illustrated in (B)
of FIG. 7. (C) of FIG. 7 schematically illustrates bits of the
sub frame data applied to the reflecting electrode PE.

[0078] Here, when the bit value of the sub frame data is “1,”
that is, the “H” level, the power voltage VDD (Here, 3.3 V) is
applied to the reflecting electrode PE; and when the bit value
1s “0,” that 1s, the “L” level, 0 V is applied to the reflecting
electrode PE. Meanwhile, a free voltage which is not limited
to the GND or the VDD can be applied to the common
electrode CE of the LCD element LC as the common elec-
trode voltage Veom; and a specified voltage is applied to the
common electrode CE of the LCD element LC at the same
time as when the normal trigger pulse having the “H” level is
input. Here, the common electrode voltage Vcom is set 10 a
voltage which is lower than 0 V by a threshold voltage Vit of
the liquid crystal during the sub frame period of time in which
the normal sub frame data is applied to the reflecting electrode
PE as illustrated in (D) of FIG. 7.

[0079] The LCD element LC performs the gradation dis-
play according to the applying voltage of the liquid crystal
LCM which is an absolute value of a voltage difference
between the applying voltage of the reflecting electrode PE
and the common electrode voltage Vcom. Thus, in the one sub
frame period of time from the time T1 to the time T2 in which
the normal sub frame data of the bit B0 is applied to the
reflecting electrode PE, the applying voltage of the liquid
crystal LCM is 3.3 V+Vtt (=3.3 V-(=Vtt)) when the bit value
of the sub frame data is “1”; and is +Vtt (=0 V-(-V1t)) when
the bit value of the sub frame data is “0” as illustrated in (E)
of FIG. 7.

[0080] FIG. 8 illustrates a relation between an applying
voltage (an RMS voltage) of the liquid crystal and a gray scale
value of the liquid crystal. As illustrated in FIG. 8, a gray scale
value curve is shifted such that a black gray scale value
corresponds to the RMS voltage of the threshold voltage Vit
of the liquid crystal, and a white gray scale value corresponds
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to an RMS voltage of a saturation voltage Vsat (=3.3 V+V1t)
ofthe liquid crystal. It is possible to cause the gray scale value
to match an effective portion of a liquid crystal response
curve. Thus, the LCD element LC displays white when the
applying voltage of the liquid crystal LCM is (3.3 V+Vitt) and
black when the applying voltage of the liquid crystal LCM is
+Vtt as described above.

[0081] Then, in the sub frame period of time in which the
normal sub frame data of the bit B0 is displayed, the inverted
sub frame data of the bit B0 sequentially starts to be written in
the SM 121 of the pixel 12A as indicated by B0b in (A) of
FIG. 7. Then, the inverted sub frame data of the bit B0 is
written in the SMs 121 of all the pixels 12A of the image
display unit 11; and at the time T2 after the writing ends, as
illustrated in (B) of FIG. 7, the normal trigger pulse having the
“H” level is supplied to all the pixels 12A configuring the
image display unit 11 through the inverter chain circuit 17
with a certain time difference.

[0082] Through this operation, the switches SW12 ofall the
pixels 12A are turned on, and thus the inverted sub frame data
of the bit B0 stored in the SM 121 is transferred to and held in
the capacitor C1 configuring the DM 122 through the switch
SW12, and applied to the reflecting electrode PE. A holding
period of time in which the capacitor C1 holds the inverted
sub frame data of the bit B0 is one sub frame period of time
from the time T2 to a time T3 at which a next normal trigger
pulse having the “H” level is input as illustrated in (B) of FIG.
7. Here, since the inverted sub frame data of the bit B0
consistently has an inverse logical value relation with the
normal sub frame data of the bit B0, the inverted sub frame
data of the bit B0 is “0” when the normal sub frame data ofthe
bit B0 is “1” and “1” when the normal sub frame data of the
bit B0 is “0.”

[0083] Meanwhile, the common electrode voltage Vcom is
set to a voltage which is higher than 3.3 V by the threshold
voltage Vit of the liquid crystal during the sub frame period of
time in which the inverted sub frame data is applied to the
reflecting electrode PE as illustrated in (D) of FIG. 7. Thus, in
the one sub frame period of time from the time T2 to the time
T3 in which the inverted sub frame data of the bit B0 is applied
to the reflecting electrode PE, the applying voltage of the
liquid crystal LCM is -Vt (=3.3 V-(3.3 V+V1t)) when the bit
value of the sub frame data is “1”; and is -3.3 V-Vit (=0
V-(3.3 V+Vit)) when the bit value of the sub frame data is
“

[0084] Thus, when the bit value of the normal sub frame
data of the bit B0 is “1,” since the bit value of the inverted sub
frame data ofthe bit B0 which is subsequently input is “0,” the
applying voltage of the liquid crystal LCM is —(3.3 V+Vtt);
and since potential applied to the liquid crystal LCM has an
opposite direction to but the same absolute value as at the time
of the normal sub frame data of the bit B0, the pixel 12A
displays white which is the same when the normal sub frame
data of the bit B0 is displayed. Similarly, when the bit value of
the normal sub frame data of the bit B0 is “0,” since the bit
value of the inverted sub frame data of the bit BO which is
subsequently input is “1,” the applying voltage of the liquid
crystal LCM is -V1t; and since potential applied to the liquid
crystal LCM has an opposite direction to but the same abso-
lute value as at the time of the normal sub frame data of the bit
B0, the pixel 12A displays black.

[0085] Thus, during the two sub frame periods oftime from
the time T1 to the time T3, as illustrated in (E) of FIG. 7, the
pixel 12A displays the same gradation for the bit B0 and the
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complementary bit B0b of the bit B0; and since alternating
current drive of reversing the potential direction of the liquid
crystal LCM at intervals of sub frames is performed, burning-
in of the liquid crystal LCM can be prevented.

[0086] Then, in the sub frame period of time in which the
inverted sub frame data of the complementary bit B0 is
displayed, the normal sub frame data of the bit B1 sequen-
tially starts to be written in the SM 121 of the pixel 12A as
indicated by B1 in (A) of FIG. 7. Then, the normal sub frame
data of the bit B1 is written in the SMs 121 of all the pixels
12A of the image display unit 11; and at the time T3 after the
writing ends, as illustrated in (B) of FIG. 7, the normal trigger
pulse having the “H” level is supplied to all the pixels 12A
configuring the image display unit 11 through the inverter
chain circuit 17 with a certain time difference.

[0087] Through this operation, the switches SW12 of all the
pixels 12A are turned on, and thus the normal sub frame data
of the bit B1 stored in the SM 121 is transferred to and is held
in the capacitor C1 configuring the DM 122 through the
switch SW12; and applied to the reflecting electrode PE. A
holding period of time in which the capacitor C1 holds the
normal sub frame data of the bit B1 is one sub frame period of
time from the time T3 to a time T4 at which a next normal
trigger pulse having the “H” level is input as illustrated in (B)
of FIG. 7.

[0088] Meanwhile, the common electrode voltage Vcom is
set to a voltage which 1s lower than 0 V by the threshold
voltage Vit of the liquid crystal during the sub frame period of
time in which the normal sub frame data is applied to the
reflecting electrode PE as illustrated in (D) of F1G. 7. Thus, in
the one sub frame period of time from the time T3 to the time
T4 in which the normal sub frame data of the bit Bl is applied
to the reflecting electrode PE, as illustrated in (E) of FIG. 7,
the applying voltage of the liquid crystal LCM is 3.3 V+Vit
(=3.3 V-(=Vit)) when the bit value of the sub frame data is
“17; and is +Vtt (=0 V-(=Vtt)) when the bit value of the sub
frame data is “0.”

[0089] Then, in the sub frame period of time in which the
normal sub frame data of the bit B1 is displayed, the inverted
sub frame data of the bit B1 sequentially starts to be written in
the SM 121 of the pixel 12A as indicated by B15 in (A) of
FIG. 7. Then, the inverted sub frame data of the bit B1 is
written in the SMs 121 of all the pixels 12A of the image
display unit 11; and at the time T4 after the writing ends, as
illustrated in (B) of FIG. 7, the normal trigger pulse having the
“H” level is supplied to all the pixels 12A configuring the
image display unit 11 through the inverter chain circuit 17
with a certain time difference.

[0090] Through this operation, the switches SW12 of all the
pixels 12A are turned on, and thus the inverted sub frame data
of the bit B1 stored in the SM 121 is transferred to and is held
in the capacitor C1 configuring the DM 122 through the
switch SW12; and applied to the reflecting electrode PE. A
holding period of time in which the capacitor C1 holds the
inverted sub frame data of the bit B0 is one sub frame period
of time from the time T4 to a time T5 at which a next normal
trigger pulse having the “H” level is input as illustrated in (B)
of FIG. 7. Here, the inverted sub frame data of the bit B1
consistently has an inverse logical value relation with the
normal sub frame data of the bit B1.

[0091] Meanwhile, the common electrode voltage Vcom is
set to a voltage which is higher than 3.3 V by the threshold
voltage Vit of the liquid crystal during the sub frame period of
time in which the inverted sub frame data is applied to the
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reflecting electrode PE as illustrated in (D) of FIG. 7. Thus, in
the one sub frame period of time from the time T4 to the time
T5 in which the inverted sub frame data of the bit B1 is applied
to the reflecting electrode PE, the applying voltage of the
liquid crystal LCM is =Vt (3.3 V=(3.3 V+V1t)) when the bit
value of the sub frame data is “17; and is -3.3 V-Vit (=0
V-(3.3 V+Vit)) when the bit value of the sub frame data is
6‘0.’7

[0092] As aresult, during the two sub frame periods of time
from the time T3 to the time T5, as illustrated in (E) of FIG. 7,
the pixel 12A displays the same gradation for the bit B1 and
the complementary bit B15 of the bit B1; and sincealternating
current drive of reversing the potential direction of the liquid
crystal LCM at intervals of sub frames is performed, burning-
in of the liquid crystal LCM can be prevented. Then, the
above-described operation is repeated, and the LCD device
including the pixel 12A of the present embodiment can dis-
play the gradation display according to a combination of a
plurality of sub frames.

[0093] Further, the display periods of time of the bit B0 and
the complementary bit B0b are the same frame period of time,
thatis, a first sub frame period oftime; and the display periods
of time of the bit B1 and the complementary bit B15 are the
same frame period of time, that is, a second sub frame period
of time; but the first sub frame period of time and the second
sub frame period of time are not limited to be the same. Here,
as an example, the second sub frame period of time is setto be
twice as long as the first sub frame period of time. Further, as
illustrated in (E) of FIG. 7, a third sub frame period of time
which is a display period of time of the bit B2 and the comple-
mentary bit B25 is set to be twice as long as the second sub
frame period of time. The same applies to other sub frame
periods of time, and a certain length is decided as the length of
each sub frame period of time depending on a system, and an
arbitrary number is decided as the number of sub frames.

[0094] According to the present invention, it is possible to
provide an LCD device which is capable of implementing a
small-sized pixel configuration and performing a stable
image display by suppressing an instantaneous increase in a
consumption current and stabilizing a power voltage or a
GND voltage even when a pixel is configured by a two-stage
latch configuration.

[0095] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and alter-
native constructions that may occur to one skilled in the art
that fairly fall within the basic teaching herein set forth.

What is claimed is:
1. A liquid crystal display (LCD) device, comprising:
a plurality of pixels which are formed at crossing portions

at which a plurality of column data lines cross a plurality
of row scanning lines, wherein the pixel comprises:

a display element in which a space, between a pixel elec-
trode and a common electrode opposite to each other, is
filled with a liquid crystal and sealed;

a first switching unit that performs sampling for a display
on each frame data of an input video signal using a
plurality of sub frames having a display period of time
shorter than one frame period of time through the col-
umn data line;
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a first holding unit that

configures an static dynamic random access memory
(SRAM) together with the first switching unit, and

holds sub frame data obtained by the sampling per-
formed by the first switching unit;

asecond switching unit that causes the sub frame data held
in the first holding unit to be output; and

a second holding unit that

configures a dynamic random access memory (DRAM)
together with the second switching unit, and

applies output data, in which memory content is rewrit-
ten according to the sub frame data which is held in
the first holding unit and is input through the second
switching unit, to the pixel electrode,

a pixel control unit that performs an operation of

repeating writing the sub frame data in the first holding
unit in units of rows in the plurality of pixels,

turning on the second switching units of all the plurality
of pixels by a trigger pulse after the sub frame data is
written in all the plurality of pixels, and

rewriting memory content of the second holding units of
the plurality of pixels according to the sub frame data
that is held in the first holding unit, in units of sub
frames; and

atiming control unit that performs control such that a delay
of a certain period of time is sequentially given to a
timing at which the pixel control unit turns on the second
switching unit in units of rows of pixels.
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2. The LCD device according to claim 1,

wherein

the second holding unit is configured with a capacitor, and

the second switching unit is configured with a transmission
gate in which switching control is performed according
to the two trigger pulses having opposite polarities.

3. The LCD device according to claim 1,

wherein

the first switching unit is configured with a first transistor,

the first holding unit is configured with first inverter and
second inverter each of which output terminal is con-
nected to input terminal of the other inverter,

of the first inverter and second inverter, drive force of a
second transistor configuring the first inverter at an input
side from a view point of the first transistor is set to be
larger than drive force of a third transistor configuring
the second inverter at an output side from a view point of
the first transistor, and

drive force of the first transistor is set to be larger than the
drive force of the third transistor configuring the second
inverter.

4. The LCD device according to claim 2, wherein

multiple interconnection layers are formed above a sub-
strate including two transistors configuring the transmis-
sion gate which are formed on a surface thereof,

the capacitor is formed by an electrode formed between an
intermediate interconnection layer among the multiple
interconnection layers and an inter-layer insulating film,
and

the pixel electrode is formed of an topmost interconnection
layer among the multiple interconnection layers.
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