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7) ABSTRACT

The present invention aims at, as one object, the further
enhancement of the low power consumption of a display
device having a SRAM. According to the present invention,
a display device includes a drive circuit to which video data
is supplied from the outside; video lines to which video
signals outputted from the drive circuit are supplied; and
pixels to which the video signals are supplied through the
video lines. The drive circuit includes a memory which
stores the video data in memory cells. Each memory cell of
the memory includes a first inverter which has an input
terminal thereof connected to a first node and an output
terminal thereof connected to a second node, a second
inverter which has an output terminal thereof connected to
the first node and an input terminal thereof connected to the
second node, a first-conductive-type first transistor which is
connected between a first data line and the first node and has
a control terminal thereof connected to a first word line, a
second-conductive-type second transistor which is con-
nected between the first data line and the first node and has
a control terminal thereof connected to a third word line, a
first-conductive-type third transistor which is connected
between a second data line and the second node and has a
control terminal thereof connected to a second word line,
and a second-conductive-type fourth transistor which is
connected between the second data line and the second node

GD Int. CL7 e G11C 5/00 and has a control terminal thereof connected to the fourth
(52) US. Cl oo 365/189.05  word line.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a display device,
and more particularly to a technique which is effectively
applicable to a drive circuit of a liquid crystal display device
used in a mobile phone or the like.

[0002] A TFT-method liquid crystal display module hav-
ing a small liquid crystal panel with approximately 240x
320x3 sub pixels in color display has been popularly used as
a display part of a portable digital assistant (PDA) such as
a mobile phone.

[0003] With respect to the liquid crystal display module
which is used as the display part of the mobile phone or the
like, to reduce the power consumption, there has been
known a liquid crystal display module which includes a
semiconductor memory (Static Random Access Memory:
hereinafter referred to as SRAM).

[0004] FIG. 27 is a circuit diagram showing one memory
cell of a conventional SRAM.

[0005] As shown in the drawing, one memory cell of the
conventional SRAM is constituted of a word line (W), a data
line (DT, DB), N-type MOS transistors (hereinafter simply
referred to as NMOS) (M1, M2) which constitute transfer
switching elements, and inverters (11, 12).

[0006]
nodes.

In FIG. 27, nodel and node2 express internal

[0007] Further, sizes of the respective NMOS (M1, M2)
are adjusted such that when a level value between the data
line DT which is connected with the NMOS (M1) and the
inner node (nodel) and a level value between the data line
DB which is connected with the NMOS (M2) and the inner
node (node2) differ from each other, the node on a High-
level (hereinafter called H-level) side node is changed to a
Low-level (hereinafter called L-level).

[0008] That is, since the writing/reading of the L level is
possible, the manner of operation of the SRAM cell shown
in FIG. 27 is described as follows.

[0009]

[0010] Before setting the word line W to the H level, the
precharging is performed so as to make the data lines (DT,
DB) assume a power-source voltage Vee temporarily.

[0011] Next, the word line W is set to the H-level to turn
on the NMOS (M1, M2). At this point of time, since the data
lines (DT, DB) assume the H-level, the values of the internal
nodes are not changed and the data of a RAM is held.

[0012] Next, only the data line of the SRAM by which the
writing is performed is changed. For example, in case of
writing “0”, by setting the data line (DT) to the L-level, the
internal node (nodel) surely assumes the L level and “0” is
written.

[0013] On the other hand, in case of writing “1”, only the
data line (DB) is set to an L-level after precharging. Then,
the internal node (node2) surely assumes the L level and the
internal node (node1) assumes the H-level due to an inverter
(12). “1” is written in the SRAM.

(1) Writing Operation

Aug. 25, 2005

[0014] (2) Reading Operation

[0015] Before setting the word line W to the H level, the
precharging is performed so as to make the data lines (DT,
DB) assume a power-source voltage Vec temporarily.

[0016] Next, the word line W is set to the H-level to turn
on the NMOS (M1, M2). Then, when the data stored in a
memory cell is “07, since the internal node (nodel) is at the
L-level, only the data line (DT) is changed to the L-level.

[0017] On the other hand, when the data stored in a
memory cell is “17, since the internal node (node2) is at the
L-level, only the data line (DB) is changed to the L-level.
Accordingly, the reading operation of the data of the SRAM
is performed.

[0018] Tt is needless to say that, to perform the above-
mentioned operations, sizes of transistors in the inside of the
respective inverters are adjusted.

[0019] As the related art literatures relevant to the present
invention, U.S. 2004/066363A1 (literature 1), U.S. 2001/
0052887A1 (literature 2), Japanese Patent Laid-open No.
318566/2002 (literature 3), Japanese Patent Laid-open No.
84722/2003 (literature 4) and Japanese Patent Laid-open
No. Heil1/134866 (literature 5) are named.

BRIEF SUMMARY OF THE INVENTION

[0020] 1Inthe memory cell of the above-mentioned SRAM,
assuming that the word line is at the H-level and the NMOS
(M1, M2) are turned on, when the values of data (DT, DB)
are both assume the L-level, the values of the internal
inverters (11, 12) are not determined and hence, there arises
a possibility that a penetrating current flows.

[0021] Accordingly, in performing the writing/reading
operations, it is necessary to surely precharge the data lines
(DT, DB) to the power source voltage Vec.

[0022] According, an eXtra electric power becomes nec-
essary for precharging and this constitutes one of factors
which impede the further reduction of the power consump-
tion of the liquid crystal display module having the above-
mentioned conventional SRAM. Particularly, when portable
equipment which incorporates the liquid crystal display
module therein is drive by a battery, the precharging has
been a large drawback to overcome for prolonging the
lifetime of the portable equipment.

[0023] Here, to make the precharging unnecessary, it is
necessary to provide the constitution which can realize the
writing/reading at the H-level/L-level.

[0024] However, the realization of writing at the H-level/
L-level implies that when the NMOS (M1, M2) are turned
on, the internal nodes are surely changed following the
values of the data lines, while the realization of reading at
the H-level/L-level implies that when the NMOS (M1, M2)
are turned on, the data lines are surely changed following the
values of the internal nodes.

[0025] Accordingly, it is impossible to perform the writ-
ing/reading at the H-level/L-level on both of the data line DT
side and the data line DB side.
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[0026] The present invention has been made to overcome
the above-mentioned drawbacks of the related art and it is an
object of the present invention to provide a technique which
can further realize the low power consumption in a display
device including a SRAM.

[0027] The above-mentioned object and other objects of
the present invention and novel features will become appar-
ent based on the description of this specification and
attached drawings.

[0028] According to one aspect of the present invention,
there is provided a display device which includes a drive
circuit to which video data is supplied from the outside,
video lines to which video signals outputted from the drive
circuit are supplied, and pixels to which the video signals are
supplied through the video lines, wherein

[0029] the drive circuit includes a memory which
stores the video data in memory cells, and

[0030]

[0031] a first inverter which has an input terminal
thereof connected to a first node and an output
terminal thereof connected to a second node,

[0032] asecond inverter which has an output terminal
thereof connected to the first node and an input
terminal thereof connected to the second node,

[0033] a first-conductive-type first transistor which is
connected between a first data line and the first node
and has a control terminal thereof connected to a first
word line,

[0034] a second-conductive-type second transistor
which is connected between the first data line and the
first node and has a control terminal thereof con-
nected to a third word line,

[0035] a first-conductive-type third transistor which
is connected between a second data line and the
second node and has a control terminal thereof
connected to a second word line, and

[0036] a sccond-conductive-type fourth transistor
which is connected between the second data line and
the second node and has a control terminal thereof
connected to the fourth word line.

each memory cell of the memory includes

[0037] Here, the circuit constitution of one example of this
aspect of the present invention is shown in FIG. 5.

[0038] According to another aspect of the present inven-
tion, there is provided a display device which includes a
drive circuit to which video data is supplied from the
outside, video lines to which video signals outputted from
the drive circuit are supplied, and pixels to which the video
signals are supplied through the video lines, wherein

[0039] the drive circuit includes a memory which
stores the video data in memory cells, and

[0040] a DA converter circuit which is provided
between the memory and the video lines, and

[0041]

[0042] a first inverter which has an input terminal
thereof connected to a first node and an output
terminal thereof connected to a second node,

each memory cell of the memory includes
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[0043] asecond inverter which has an output terminal
thereof connected to the first node and an input
terminal thereof connected to the second node,

[0044] a first-conductive-type first transistor and a
second-conductive-type second transistor which are
connected between a first data line and the first node,
and

[0045] a first-conductive-type third transistor and a
second-conductive-type fourth transistor which are
connected between the second data line and the
second node, wherein

[0046] the first and the second transistors are turned
on at the time of writing the video data and are turned
off at the time of reading the video data, and

[0047] the third and the fourth transistors are turned
off at the time of writing the video data and are
turned on at the time of reading the video data.

[0048] According to still another aspect of the present
invention, there is provided a display device which includes
a drive circuit to which video data is supplied from the
outside, video lines to which video signals outputted from
the drive circuit are supplied, and pixels to which the video
signals are supplied through the video lines, wherein

[0049] the drive circuit includes a memory which
stores the video data in memory cells, and

[0050]

[0051] a first inverter which has an input terminal
thereof connected to a first node and an output
terminal thereof connected to a second node,

[0052] asecond inverter which has an output terminal
thereof connected to the first node and an input
terminal thereof connected to the second node,

[0053] a first-conductive-type first transistor which is
connected between a first data line and the first node
and has a control terminal thereof connected to a first
word line,

[0054] a third inverter which has an input terminal
thereof connected to the first word line,

[0055] a second-conductive-type second transistor
which is connected between the first data line and the
first node and has a control terminal thereof con-
nected to an output terminal of the third inverter,

[0056] a first-conductive-type third transistor which
is connected between a second data line and the
second node and has a control terminal thereof
connected to a second word line,

[0057] a fourth inverter which has an input terminal
thereof connected to the second word line, and

[0058] a sccond-conductive-type fourth transistor
which is connected between the second data line and
the second node and has a control terminal thereof
connected to an output terminal of the fourth
inverter.

each memory cell of the memory includes

[0059] Here, the circuit constitution of one example of this
aspect of the present invention is shown in FIG. 2.
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[0060] According to still another aspect of the present
invention, there is provided a display device which includes
a drive circuit to which video data is supplied from the
outside, video lines to which video signals outputted from
the drive circuit are supplied, and pixels to which the video
signals are supplied through the video lines, wherein

[0061] the drive circuit includes a memory which
stores the video data in memory cells, and

[0062]

[0063] a first inverter which has an input terminal
thereof connected to a first node and an output
terminal thereof connected to a second node,

[0064] asecond inverter which has an output terminal
thereof connected to the first node and an input
terminal thereof connected to the second node,

[0065] a first-conductive-type first transistor which is
connected between a first data line and the first node
and has a control terminal thereof connected to a first
word line,

[0066] a second-conductive-type second transistor
which is connected between the first data line and the
first node and has a control terminal thereof con-
nected to a third word line,

[0067] a first-conductive-type third transistor which
is connected between a second data line and the
second node and has a control terminal thereof
connected to a second word line,

[0068] a third inverter which has an input terminal
thereof connected to the second word line, and

[0069] a second-conductive-type fourth transistor
which is connected between the second data line and
the second node and has a control terminal thereof
connected to an output terminal of the third inverter.

each memory cell of the memory includes

[0070] Here, the circuit constitution of one example of this
aspect of the present invention is shown in FIG. 28.

[0071] According to still another aspect of the present
invention, there is provided a display device which includes
a drive circuit to which video data is supplied from the
outside, video lines to which video signals outputted from
the drive circuit are supplied, and pixels to which the video
signals are supplied through the video lines, wherein

[0072] the drive circuit includes a memory which
stores the video data in memory cells, and

[0073]

[0074] a first inverter which has an input terminal
thereof connected to a first node and an output
terminal thereof connected to a second node,

[0075] asecond inverter which has an output terminal
thereof connected to the first node and an input
terminal thereof connected to the second node,

[0076] a first-conductive-type first transistor which is
connected between a first data line and the first node
and has a control terminal thereof connected to a first
word line,

[0077] a third inverter which has an input terminal
thereof connected to the first word line,

each memory cell of the memory includes
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[0078] a second-conductive-type second transistor
which is connected between the first data line and the
first node and has a control terminal thereof con-
nected to an output terminal of the third inverter,

[0079] a first-conductive-type third transistor which
is connected between a second data line and the
second node and has a control terminal thereof
connected to a second word line, and

[0080] a second-conductive-type fourth transistor
which is connected between the second data line and
the second node and has a control terminal thereof
connected to a third word line.

[0081] Here, the circuit constitution of one example of this
aspect of the present invention is shown in FIG. 4.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0082] FIG. 1 is a block diagram showing the schematic
constitution of a liquid crystal display module of an embodi-
ment of the present invention,

[0083] FIG. 2 is a circuit diagram showing one memory
cell of a RAM of the embodiment of the present invention;

[0084] FIG. 3 is a circuit diagram showing one memory
cell of a modification of the RAM of the embodiment of the
present invention;

[0085] FIG. 4 is a circuit diagram showing one memory
cell of a modification of the RAM of the embodiment of the
present invention;

[0086] FIG. 5 is a circuit diagram showing one memory
cell of a modification of the RAM of the embodiment of the
present invention;

[0087] FIG. 5A is a circuit diagram showing one embodi-
ment of a more specific circuit constitution of one memory
cell shown in FIG. 3;

[0088] FIG. 5B is a circuit diagram showing another
embodiment of a more specific circuit constitution of one
memory cell shown in FIG. 3;

[0089] FIG. 6 is a block diagram showing the inner
constitution of a RAM of the embodiment of the present
invention;

[0090] FIG. 7 is a block diagram showing the schematic
constitution of one example of a controller circuit, a source
driver and a SRAM shown in FIG. 1;

[0091] FIG. 8 is a view showing a flow of image data and
a display image of a liquid crystal panel in a mode A in the
constitution shown in FIG. 7,;

[0092] FIG. 9 is a view showing a flow of image data and
a display image of a liquid crystal panel in a mode B in the
constitution shown in FIG. 7,

[0093] FIG. 10 s a view showing a flow of image data and
a display image of a liquid crystal panel in a mode C in the
constitution shown in FIG. 7,

[0094] FIG. 11 is a view showing a flow of image data and
a display image of a liquid crystal panel in 2 mode D in the
constitution shown in FIG. 7,
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[0095] FIG. 12 is a block diagram showing the schematic
constitution of another example of a controller circuit, a
source driver and a SRAM shown in FIG. 1;

[0096] FIG. 13 is a view showing a flow of image data and
a display image of a liquid crystal panel in a mode A in the
constitution shown in FIG. 12;

[0097] FIG. 14 is a view showing a flow of image data and
a display image of a liquid crystal panel in a mode B in the
constitution shown in FIG. 12;

[0098] FIG.151s a view showing a flow of image data and
a display image of a liquid crystal panel in a mode C in the
constitution shown in FIG. 12;

[0099] FIG. 16 s a view showing a flow of image data and
a display image of a liquid crystal panel in a mode D in the
constitution shown in FIG. 12;

[0100] FIG. 17 is a circuit diagram showing one example
of an output circuit (a current amplifying circuit) 16 shown
in FIG. 7 or FIG. 12;

[0101] FIG. 18 is a view showing one example of the
circuit constitution when a level shift operation of bits other
than D5 is stopped at the time of a partial display;

[0102] FIG. 19 is a circuit diagram showing another
example of an output circuit (a current amplifying circuit) 16
shown in FIG. 7 or FIG. 12;

[0103] FIG. 20 is a view showing a timing chart for
stopping the operation of an inverter (INV) when an input
voltage to the inverter (INV) is changed in a circuit shown
in FIG. 19;

[0104] FIG. 21 is a view showing one example of a gray
scale voltage generating circuit shown in FIG. 12;

[0105] FIG. 22 is a circuit diagram showing a conven-
tional oscillator;

[0106] FIG. 23 is a block diagram showing the schematic
constitution of an oscillator of the embodiment of the
present invention;

[0107] FIG. 24 is a circuit diagram showing the consti-
tution of a resistance array (a R decoder) shown in FIG. 23;

[0108] FIG. 25 is a view for explaining a display timing
clock (CL1) which is generated by a display timing gener-
ating circuit and a voltage boosting clock generated by the
oscillator in this embodiment of the present invention;

[0109] FIG. 26 is a view for explaining a display timing
clock (CL1) which is generated by a display timing gener-
ating circuit and a voltage boosting clock generated by the
oscillator in a modification of this embodiment of the
present invention;

[0110] FIG. 27 is a circuit diagram showing one memory
cell of a conventional SRAM; and

[0111] FIG. 28 is a circuit diagram showing one memory
cell of a modification of the RAM of the embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0112] Hereinafter, embodiments of a display device
according to the present invention are explained in conjunc-
tion with drawings.

[0113] Here, in all drawings served for explaining the
embodiments, parts having the identical functions are ide-
ated by same symbols and their repeated explanation is
omitted.

Embodiment 1

[0114] FIG. 1 is a block diagram showing the schematic
constitution of a liquid crystal display module of the
embodiment 1 of the present invention.

[0115] On a liquid crystal panel (PNL), a plurality of
scanning lines (or gate lines) (G1-G320) and a plurality of
video lines (or drain lines) (S1 to S720) are respectively
arranged 1n parallel.

[0116] Pixel portions are formed corresponding to por-
tions where the scanning lines (G) and the video lines (S)
cross each other. A plurality of pixel portions are arranged in
a matrix array, wherein each pixel portion is provided with
a pixel electrode (ITO1) and a thin film transistor (TFT). In
FIG. 1, the number of sub pixels of the liquid crystal panel
(PNL) is 240x320x%3.

[0117] A common electrode (also referred to as a counter
electrode) (ITO2) is formed in a state that the common
electrode (ITO2) faces the respective pixel electrodes
(ITO1) in an opposed manner with liquid crystal therebe-
tween. Accordingly, liquid crystal capacitances (LC) are
formed between the respective pixel electrodes (ITO1) and
the common electrode (ITO2).

[0118] The liquid crystal panel (PNL) is configured such
that a glass substrate (GLASS) on which the pixel electrodes
(ITO), the thin film transistors (TFT) and the like are formed
and a glass substrate (not shown in the drawing) on which
color filters and the like are formed are overlapped to each
other with a given distance therebetween, both substrates are
laminated to each other using a sealing material which is
formed in a frame shape in the vicinities of peripheries of the
substrates, liquid crystal is filled between both substrates
and inside the sealing material through a liquid crystal filling
opening formed in a portion of the sealing material, and
polarizers are laminated to outsides of both substrates.

[0119] Here, since the present invention is not relevant to
the inner structure of the liquid crystal panel, the detailed
explanation of the inner structure of the liquid crystal panel
is omitted. Further, the present invention is applicable to a
liquid crystal panel having any structure.

[0120] In this embodiment, a drive circuit (DRV) is
mounted on the glass substrate (GLASS).

[0121] The drive circuit (DRV) includes a controller cir-
cuit 100, a source driver 130 which drives video lines (S) of
the liquid crystal panel (PNL), a gate driver 140 which
drives the scanning lines (G) of the liquid crystal panel
(PNL), a liquid crystal drive powers source generating
circuit 120 which generates a power source voltage neces-
sary for allowing the liquid crystal panel (PNL) to display an
image (for example, common voltage (Vcom) which is
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supplied to the common electrode (ITO2) of the liquid
crystal panel (PNL)), and a memory circuit (also referred to
as RAM) 150. Further, in FIG. 1, FPC indicates a flexible
printed circuit board.

[0122] Here, FIG. 1 shows a case in which the drive
circuit (DRV) is constituted of one semiconductor chip.
However, the drive circuit (DRV) may be directly formed on
the glass substrate (GLASS) using a thin film transistor
which uses low-temperature poly-silicon as a material of a
semiconductor layer, for example.

[0123] In the same manner, a partial circuit of the drive
circuit (DRV) may be divided so as to form the drive circuit
(DRV) using a plurality of semiconductor chips or a partial
circuit of the drive circuit (DRV) may be directly formed on
the glass substrate (GLASS) using a thin film transistor
which uses low-temperature poly-silicon as a material of a
semiconductor layer, for example.

[0124] Further, in place of mounting the drive circuit
(DRV) or a portion of the drive circuit (DRV) on the glass
substrate (GLASS), the drive circuit (DRV) or a portion of
the drive circuit (DRV) may be formed on the flexible
printed circuit board.

[0125] Further, to the controller circuit 100, display data
and display control signals are inputted from a body-side
micro controller unit (hereinafter referred to as MCU) or a
graphic controller.

[0126] In FIG. 1, symbol SI indicates a system interface
which constitutes a system to which various control signals
and image data are inputted from the MCU or the like.

[0127] Symbol DI indicates a display data interface (an
RGB interface) which constitutes a system to which the
image data formed by the external graphic controller and a
clock for fetching data (external data) are continuously
inputted.

[0128] In this display data interface (DI), the image data is
sequentially fetched in conformity with the fetching clock in
the same manner as the drain driver which is used in a
conventional personal computer.

[0129] The controller circuit 100 transmits the image data
received from the system interface (SI) and the display data
interface (DI) to the source driver 130 and the RAM 150 so
as to control the display.

[0130] FIG. 2 is a circuit diagram showing one memory
pixel of the SRAM in the inside of the RAM 150 of this
embodiment.

[0131] In the RAM of this embodiment, to separate the
writing of data and the reading of data, word lines are
separated into the word line (W2) for writing and the word
line (W1) for reading,.

[0132] Accordingly, the data line (DT) constitutes a writ-
ing dedicated data line and the data line (DB) constitutes a
reading dedicated data line.

[0133] Further, a transfer switching element is constituted
of a NMOS transistor (hereinafter, simply referred to as
NMOS) (M1) and a P-type MOS transistor (hereinafter,
simply referred to as PMOS) (M3) as well as a NMOS (M2)
and a PMOS (M4).
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[0134] Here, an inverter (I3) is provided between a gate of
the PMOS (M3) and the word line (W2). In the same
manner, an inverter (14) is provided between a gate of the
PMOS (M4) and the word line (W1).

[0135] Inthe SRM of this embodiment, the precharging of
the data lines becomes unnecessary.

[0136] Hereinafter, the writing/reading operation of the
SRAM of this embodiment is explained.

[0137] (1) Writing Operation

[0138] While setting the word line (W2) to the H-level and
by turning on the NMOS1 (M1) and the PMOS (M3), the
data line (DT) is changed. For example, in case of writing
“0”, the data line (DT) is set to assume the L-level. Then, the
inner node (nodel) surely assumes the L-level and “0” is
written in the memory cell.

[0139] As an opposite case, in case of writing “17, the data
line (DT) is set to assume the H-level. Then, the inner node
(nodel) surely assumes the H-level and “1” is written in the
memory cell.

[0140] (1) Reading Operation

[0141] The word line (W1) is set to the H-level and the
NMOS1 (M2) and the PMOS (M4) are turned on. Then,
when the data of the memory cell is “07, the inner node
(nodel) assumes the H-level and hence, the data line (DB)
is changed to the H-level.

[0142] As an opposite case, when the data of the memory
cell is “1”, the inner node (node2) assumes the L-level and
hence, the data (DB) is changed to the L-level. Accordingly,
it is possible to perform the reading of data of the SRAM.

[0143] InFIG. 2, although the inverters (13, 14) are added
to drive the PMOS (M2, M4), as shown in FIG. 4, FIG. 5
and FIG. 28, in place of the inverters (13, 14), the word line
(W1), a word line (W1B) to which an inverted signal of the
signal applied to the word line (W2), or a word line (W2B)
may be added and the signal may be applied to the gates of
the PMOS (M2, M4).

[0144] Here, in FIG. 4, there is provided a display device
which includes a drive circuit o which video data is supplied
from the outside, video lines to which video signals output-
ted from the drive circuit are supplied, and pixels to which
the video signals are supplied through the video lines,
wherein

[0145] the drive circuit includes a memory which
stores the video data in memory cells, and

[0146]

[0147] afirstinverter (I1) which has an input terminal
thereof connected to a first node (nodel) and an
output terminal thereof connected to a second node
(node2),

[0148] a second inverter (I2) which has an output
terminal thereof connected to the first node (nodel)
and an input terminal thereof connected to the sec-
ond node (node2),

[0149] a first-conductive-type first transistor (M1)
which is connected between a first data line (DT) and
the first node (nodel) and has a control terminal
thereof connected to a first word line (W2),

each memory cell of the memory includes
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[0150] a third inverter (I3) which has an input termi-
nal thereof connected to the first ward line (W2),

[0151] a second-conductive-type second transistor
(M3) which is connected between the first data line
(DT) and the first node (nodel) and has a control
terminal thereof connected to an output terminal of
the third inverter (I3),

[0152] a first-conductive-type third transistor (M2)
which is connected between a second data line (DB)
and a second node (node2) and has a control terminal
thereof connected to a second word line (W1),

[0153] a sccond-conductive-type fourth transistor
(M4) which is connected between a second data line
(DB) and a second node (node2) and has a control
terminal thereof connected to a third word line
(W1B).

[0154] Further, in FIG. 5, there is provided a display
device which includes a drive circuit to which video data is
supplied from the outside, video lines to which video signals
outputted from the drive circuit are supplied, and pixels to
which the video signals are supplied through the video lines,
wherein

[0155] the drive circuit includes a memory which
stores the video data in memory cells, and

[0156]

[0157] afirst inverter (I1) which has an input terminal
thereof connected to a first node (nodel) and an

output terminal thereof connected to a second node
(node2),

[0158] a second inverter (I2) which has an output
terminal thereof connected to the first node (nodel)
and an input terminal thereof connected to the sec-
ond node (node2),

[0159] a first-conductive-type first transistor (M1)
which is connected between a first data line (DT) and
the first node (nodel) and has a control terminal
thereof connected to a first word line (W2),

[0160] a second-conductive-type second transistor
(M3) which is connected between the first data line
(DT) and the first node (nodel) and has a control
terminal thereof connected to a third word line
(W2B),

[0161] a first-conductive-type third transistor (M2)
which is connected between a second data line (DB)
and the second node (node2) and has a control
terminal thereof connected to a second word line
(W1), and

[0162] a second-conductive-type fourth transistor
(M4) which is connected between the second data
line (W1) and the second node (node2) and has a
control terminal thereof connected to the fourth word
line (W1B).

[0163] Still further, in FIG. 28, there is provided a display
device which includes a drive circuit to which video data is
supplied from the outside, video lines to which video signals
outputted from the drive circuit are supplied, and pixels to
which the video signals are supplied through the video lines,
wherein

each memory cell of the memory includes
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[0164] the drive circuit includes a memory which
stores the video data in memory cells, and

[0165]

[0166] afirst inverter (I1) which has an input terminal
thereof connected to a first node (nodel) and an
output terminal thereof connected to a second node
(node2),

[0167] a second inverter (I2) which has an output
terminal thereof connected to the first node (nodel)

and an input terminal thereof connected to the sec-
ond node (node2),

[0168] a first-conductive-type first transistor (M1)
which is connected between a first data line (DT) and
the first node (nodel) and has a control terminal
thereof connected to a first word line (W2),

[0169] a second-conductive-type second transistor
(M3) which is connected between the first data line
(DT) and the first node (nodel) and has a control
terminal thereof connected to a third word line
(W2B),

[0170] a first-conductive-type third transistor (M2)
which is connected between a second data line (DB)
and the second node (node2) and has a control
terminal thereof connected to a second word line
(WD),

[0171] a third inverter (I3) which has an input termi-
nal thereof connected to a second word line (W1B),
and

[0172] a second-conductive-type fourth transistor
(M4) which is connected between the second data
line (DB) and the second node (node2) and has a
control terminal thereof connected to an output ter-
minal of the third inverter (I3).

[0173] Further, as shown in FIG. 3 to FIG. 5 and FIG. 28,
the inverter (I12) may be changed to a clocked inverter and
the inverter (I12) may be stopped at the time of writing the
data.

[0174] By adopting the circuit constitutions shown in
FIG. 3 to FIG. 5 and FIG. 28, a load for writing the data
into a memory cell can be made small.

[0175] For example, in writing data of “1” into a memory
cell which has already stored data of “0”, it is necessary to
change the inner node (nodel) from the L-level to the
H-level.

[0176] In this case, in the circuit constitution shown in
FIG. 2, it is necessary to invert both of the inverter (I1) and
the inverter (I2). To the contrary, in the circuit constitutions
shown in FIG. 3 to FIG. 5 and FIG. 28, only the inverter
(I1) may be inverted and hence, it is possible to make the
load for writing the data into the memory cell small.

[0177] The more specific circuit constitution of one
memory cell shown in FIG. 3 is shown in FIG. 5A and FIG.
5B.

[0178] InFIG.5A and FIG. 5B, the NMOS (M13) and the
PMOS (M14) constitute the inverter (I1) shown in FIG. 3
and the NMOS (M11, M15) and the PMOS (M12, M16)
constitute the clocked inverter (I2) shown in FIG. 3.

each memory cell of the memory includes
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[0179] In FIG. 5A and FIG. 5B, when the word line (W2)
assumes the H-level, the NMOS (M15) and the PMOS
(M16) are turned off, while when the word line (W2)
assumes the L-level, the NMOS (M15) and the PMOS
(M16) are turned on and hence, in performing the writing of
data, it is possible to stop the clocked inverter (12).

[0180] When the memory cell which requires no pre-
charge of this embodiment is used, all memory cells which
are connected with the same word line assume the written/
read states. Here, when the memory cells assume the written
state, the data of the data line (DT) is surely written and
hence, different from the case which uses the conventional
memory cells shown in FIG. 27, it is necessary to input the
data to all memory cells which are connected to the same
word line.

[0181] Accordingly, to perform the writing of data, to hold
the data of the memory cells which are connected to the
same word lines (W1, W2) and to which the writing is not
performed, it is necessary to perform an operation to read the
data from the memory cells once and, thereafter, to rewrite
the read data.

[0182] FIG. 6 shows such a constitutional example.

[0183] In FIG. 6, numeral 151 indicates the memory cells
shown in FIG. 2, numeral 152 indicates an X direction
control circuit, numeral 153 indicates a Y direction control
circuit, numeral 154 indicates a multiplexer, numeral 155
indicates a writing circuit, numerals 156, 157 indicate read-
ing circuits.

[0184] In performing the writing of data, using the reading
circuit 156, the reading of data of the memory cells which
are connected to the same word line (W2) is performed once.

[0185] Thereafter, the multiplexer 154 is controlled by the
X direction control circuit 152 and performs the selection of
transcribing or rewriting and the writing of data of the

selected memory cells is performed using the writing circuit
155.

[0186] Due to the above-mentioned operations, it is pos-
sible to hold the data of the memory cells which are
connected to the same word line (W1) and to which the
writing of data is not performed at the time of writing the
data.

[0187] With the use of a drive circuit which incorporates
the SRAM of this embodiment therein, it is possible to
reduce the power consumption of the liquid crystal display
module.

[0188] FIG. 7 is a block diagram showing the schematic
constitution of one example of the controller circuit 100, the
source driver 130 and the RAM 150 shown in FIG. 1.

[0189] In the constitution shown in FIG. 7, the controller
circuit 100 is constituted of a SRAM control circuit 1, an
arithmetic operation circuit 6 for external data and SRAM

data, an oscillator 10 and a display timing generating circuit
11.

[0190] Further, the source driver 130 is constituted of a
parallel-serial conversion shift register (1)4 for SRAM data,
a selector circuit 5 for SRAM data, a serial-parallel conver-
sion shift register (2)7 for display data, a display data latch
circuit (1)8, a selector circuit 9 for arithmetic operation data
and SRAM data, a display data latch circuit (2)12, a display
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data latch circuit (3)13, a level shift circuit 14, a DA
conversion circuit (a gray scale voltage decode circuit) 15,
an output circuit (a current amplifying amplifier circuit) 16,
and a gray scale voltage generating circuit 17.

[0191] Further, the RAM 150 is constituted of the SRAM2
and the SRAM data latch circuit 3.

[0192] The constitution shown in FIG. 7 is characterized
by including two shift registers (4, 7), the SRAM 2 for
holding image data and the arithmetic operation circuit 6 for
external data and SRAM data.

[0193] In the constitution shown in FIG. 7, the image data
from the SI (system interface) is inputted to the SRAM
control circuit 1 and, thereafter, is fed to the SRAM 2. The
data stored in the SRAM 2 is latched by the SRAM data
latch circuit 3 and, thereafter, is used to display images on
the liquid crystal panel (PNL).

[0194] Further, the image data from the DI (RGB inter-
face) is inputted to the SRAM control circuit 1 or the
arithmetic operation circuit 6 for external data and SRAM
data and, thereafter, is fed to the SRAM2 or the display data
latch circuit 1(8).

[0195] The data which is fed to the SRAM 2 is held by an
amount corresponding to the RAM capacitance and is used
as a frame memory for still pictures or motion pictures.

[0196] The RAM capacitance is changed depending on the
number of pixels and the number of display colors of the
liquid crystal panel (PNL). To hold the capacitance for all
number of pixels or all gray scales, or to overlap a clock
display or the like on a display image in a mobile phone, the
RAM capacitance may exceed the number of pixels of the
liquid crystal panel (PNL).

[0197] To the contrary, the RAM capacitance merely holds
an amount corresponding only to the information of a
standby screen of the mobile phone (only clock display).

[0198] For example, there is considered a case in which
QVGA does not have the RAM capacitance corresponding
to total 320 lines and only has the RAM capacitance
corresponding to total 96 lines or a case in which display
colors are limited to only eight colors (one bit for respective
RGB). Here, to allow the RAM capacitance to hold only the
image information of the standby screen is to realize the low
power consumption.

[0199] With the use of the SRAM 2, it is possible to
display still images on the liquid crystal panel (PNL) with-
out driving an external bus. Here, a state in which the display
lines are limited or the display colors are limited during the
standby time is referred to as a partial display.

[0200] The external data fed to the display latch circuit
(1)8 is subjected to the serial-parallel conversion by the
serial-parallel conversion shift register (2)7 of the display
data and is sequentially stored in the display data latch
circuit (1)8 as the display data corresponding to one scan-
ning line of the liquid crystal panel (PNL) and constitutes the
video data for one scanning line.

[0201] In the constitution shown in FIG. 7, since the data
stored in the SRAM2 and the external data are independent
from each other, it is possible to perform the arithmetic
processing.
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[0202] Here, the arithmetic processing is mainly consti-
tuted of overlapping of the data stored in the SRAM2 and the
external data or the like. In general, it is possible to arbi-
trarily set the transmissivities and the like of the respective
data.

[0203] With respect to the arithmetic processing, follow-
ing two techniques (), (b) are available.

[0204] (a) Since the external data is the serial data which
is inputted continuously, the arithmetic processing is per-
formed continuously by making the stored SRAM data
subjected to the parallel-serial conversion.

[0205] (b) By making the external data subjected to the
parallel-serial conversion, the arithmetic processing of the
SRAM data is performed collectively for one scanning line.

[0206] The constitution shown in FIG. 7 corresponds to
the case (). In this technique, since it is sufficient to provide
only one arithmetic circuit for the SRAM data and the
external data, it is possible to reduce a circuit scale com-
pared to the case (b) which requires the arithmetic process-
ing circuits for the SRAM data and the external data which
correspond to the number of outputs of the video lines.

[0207] To realize the above-mentioned technique (a), it is
necessary to provide the parallel-serial conversion shift
register (1)4 for the SRAM data, the selector circuit 5 for the
SRAM data and the arithmetic processing circuit 6 for the
external data and the SRAM data. These parts requires a less
area compared to an area necessary for arranging the arith-
metic processing circuits for respective video lines.

[0208] The shift register (1)4 is a shift register which
performs the parallel-serial conversion of the SRAM data,
wherein the selected SRAM data is fed to the arithmetic
processing circuit 6 by the selector circuit 5 and the arith-
metic processing is executed.

[0209] The serial data after the arithmetic processing is fed
to the display data latch circuit (1)8 and, thereafter, is
subjected to the serial-parallel conversion by the serial-
parallel conversion shift register (2)7 for the display data.
Then, the data is sequentially stored in the display data latch
circuit (1)8 as the display data for one scanning line of the
liquid crystal panel (PNL) and constitutes the video data for
one scanning line.

[0210] Any one of the display data (external data, post-
arithmetic-processing-data of external data and SRAM data
or RAM data) latched by the display data latch circuit (1)8
is selected by the selector circuit 9 and is held by a display
data latch circuit (2)12 and a display data latch circuit (3)13
as the data for one scanning line.

[0211] Here, there may be a case that the display data latch
circuit (3)13 is not specifically necessary depending on the
timing of the signal inputted from the DI (RGB interface).

[0212] The selector circuit 9 for the arithmetic processing
data and the SRAM data, the display data latch circuit (2)12
and the display data latch circuit (3) 13 are operated in
response to a display timing clock (CL1) which is generated
by the display timing generating circuit 11.

[0213] When there is no synchronizing signal (dot clock)
inputted from the DI (RGB interface), it is necessary to
generate the timing clock for synchronization by an inner
oscillator 10.
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[0214] This may be applicable to a system which uses only
the SI (system interface) or a partial display time which
performs the low-power consumption display.

[0215] The video data which is latched to the data latch
circuit (3)13 has a voltage level thereof ocnverted by the
level shift circuit 14 and, thereafter, is converted into an
analogue gray scale voltage in the DA conversion circuit
(gray scale voltage decode circuit) 15.

[0216] This gray scale voltage has a current thereof ampli-
fied by the output circuit (current amplifying amplifier
circuit) 16 and is outputted to the respective video lines (S1
to $720).

[0217] Here, in the DA conversion circuit (gray scale
voltage decode circuit) 15, the gray scale voltages of 64 gray
scales (V0 to V63) which are generated by the gray scale
voltage generating circuit 17 are inputted.

[0218] In the constitution shown in FIG. 7, the flow of the
image data advances as follows.

[0219] (1) Image Data from DI (RGB Interface)

[0220] mode A: when the flow does not advance
through the RAM

[0221] arithmetic operation circuit 6 of external data
and SRAM data—display data latch circuit (1)8—
selector circuit 9 of arithmetic operation data and
RAM data (usual display)

[0222] mode B: when the flow advances through the
RAM equal to the mode C described below (usual
display) (2) image data from SI (system interface)

[0223] mode C: when the arithmetic operation is not
performed SRAM control circuit 1--SRAM2—
SRAM data latch circuit 3—selector circuit 9 of
arithmetic operation data and RAM data (usual dis-
play or partial display)

[0224] mode D: when the arithmetic operation is
performed SRAM control circuit 1--SRAM2—
SRAM data latch circuit 3—=selector circuit 5 for
SRAM data—arithmetic operation circuit 6 of exter-
nal data and SRAM data—display data latch circuit
(1)8—the selector circuit 9 of the arithmetic opera-
tion data and the RAM data (usual display (over-

lapped))

[0225] Further, the display timing clock (CL1) is gener-
ated by the synchronizing clock (DOTCLK) which is
included in the DI (RGB interface) when the DI (RGB
interface) is used, a clock generated by the oscillator 10 is
used as the clock when the DI (RGB interface) is not used.

[0226]

The respective modes are explained hereinafter.
[0227] (1) Mode A

[0228] FIG. 8A shows a flow of the image data in the
mode A and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 7.

[0229] Further, FIG. 8B is a view which schematically
shows the image displayed on the liquid crystal panel (PNL)
in the mode A. Here, although FIG. 8B is a view which
displays 260 thousand colors assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values.
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[0230] The flow of the image data in the mode A advances
in order of DI (RGB interface)—arithmetic operation circuit
6—display data latch circuit (1)§—=selector circuit 9—dis-
play data latch circuit (2)12.

[0231] In this manner, in the mode A, the SRAM 2, the
SRAM data latch circuit 3, the shift register (1)4 and the
selector circuit § are not used and hence, it is possible to stop
the operations of these circuits.

[0232] Further, also with respect to the arithmetic opera-
tion circuit 6 and the selector circuit 9, the SRAM2 is not
used and hence, it is possible to allow the data to pass
therethrough.

[0233] Further, in case of the DI (RGB interface), since the
synchronizing clock is also inputted, it is not necessary to
specifically provide the oscillator 10.

[0234] However, since the time of several ms becomes
necessary until the operation of the oscillator 10 becomes
stable, to cope with the quick state change to the state of the
mode C which uses the oscillator 10, it is possible to allow
the oscillator 10 to keep on the operation.

[0235] Here, when a boosting clock which is used in the
liquid crystal drive power source generating circuit 120 is
generated based on the clock generated by the oscillator 10,
it is necessary to keep on the operation of the oscillator 10.
The same goes for the respective modes explained herein-
after.

[0236] (2) Mode B

[0237] FIG. 9A shows a flow of the image data in the
mode B and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 7.

[0238] Further, FIG. 9B is a view which schematically
shows the image displayed on the liquid crystal panel (PNL)
in the mode B. Here, although FIG. 9B is a view which
displays 260 thousand colors assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values.

[0239] The flow of the image data in the mode B advances
in order of DI (RGB interface)-SRAM control circuit
1-+SRAM2—-SRAM data latch circuit 3—sselector circuit
9—display data latch circuit (2)12.

[0240] In this manner, in the mode B, the shift register
(1)4, the selector circuit §, arithmetic operation circuit 6, the
shift register (2)7 and display data latch circuit (1)8 are not
used and hence, it is possible to stop the operations of these
circuits.

[0241] Further, also with respect to the selector circuit 9,
the SRAM2 is not used and hence, it is possible to allow the
data to pass therethrough.

[0242] Further, in case of the DI (RGB interface), since the
synchronizing clock is also inputted, it is not necessary to
specifically provide the oscillator 10.

[0243] However, since the time of several ms becomes
necessary until the operation of the oscillator 10 becomes
stable, to cope with the quick state change to the state of the
mode C which uses the oscillator 10, it is possible to allow
the oscillator 10 to keep on the operation.
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[0244] (3) Mode C

[0245] FIG. 10A shows a flow of the image data in the
mode C and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 7.

[0246] The mode C is substantially equal to the mode B
shown in FIG. 9A except for that the image data inputted to
the SRAM control circuit 1 is inputted from the SI (system
interface) and hence, the repeated explanation is omitted.

[0247] However, in the mode C, since the synchronizing
clock is not inputted from the SI (system interface), the
clock generated by the oscillator 10 is used as the display
timing clock (CLL1).

[0248] Further, FIG. 10B schematically shows the image
displayed on the liquid crystal panel (PNI) in a usual display
state in the mode C. Although FIG. 10B is a view which
displays 260 thousand colors assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values.

[0249] Further, FIG. 10C schematically shows the image
displayed on the liquid erystal panel (PNL) in a partial
display state in the mode C. Here, regions “a” and “b” in
FIG. 10C indicate portions which are displayed in eight
colors and other regions indicate a non-display region of
white or black. Further, although FIG. 10C describes a case
in which the SRAM data are in eight colors, the number of
colors and the number of partial display lines (“a” and “b”
in FIG. 10C) are not limited to these values.

[0250]

[0251] FIG. 11A shows a flow of the image data in the
mode D and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 7.

[0252] Further, FIG. 11B is a view which schematically
shows the image displayed on the liquid crystal panel (PNL)
in the mode D. Here, “a” and “b” in FIG. 11B indicate
regions where 8 color and 260 thousand colors are over-
lapped and a remaining portion indicates a display region of
260 thousand colors. Further, in FIG. 11B, although 260
thousand colors are displayed assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values. In the same manner, although a case
in which the SRAM data is 8 colors is displayed, the number
of colors and the number of overlapped display lines (“a”
and “b” in FIG. 11B) are not limited to these values.

[0253] The flow of the image data in the mode D advances
in two routes. In one route, the flow advances in order of SI
(system interface)>SRAM control circuit 1-SRAM2—
SRAM data latch circuit 3—selector circuit § of SRAM
data—arithmetic operation circuit 6—=display data latch
circuit (1)8—sselector circuit 9—display data latch circuit
(2)12.In another route, the flow advances in the course of DI
(RGB interface)—arithmetic operation circuit §—>display
data latch circuit (1)8—selector circuit 9—display data latch
circuit (2)12.

[0254] Further, in the mode D, since the synchronizing
clock is also inputted from the DI (RGB interface), it is not
necessary to specifically provide the oscillator 10.

(4) Mode D
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[0255] However, since the time of several ms becomes
necessary until the operation of the oscillator 10 becomes
stable, to cope with the quick state change to the state of the
mode C which uses the oscillator 10, it is possible to allow
the oscillator 10 to keep on the operation.

[0256] Further, by executing the arithmetic operation in
the arithmetic operation circuit 6, it is possible to perform
the display by allowing the whole overlapped display line
part ((“a” and “b” in FIG. 11B) to be displayed in 8 colors,
or by allowing a portion of the overlapped display line part
to be displayed in 260 thousand colors and a remaining
portion to be displayed in 8 colors, or by allowing respective
50% of SRAM data and the external data inputted from the
DI (RGB interface) to be displayed in a transmissive man-
ner.

[0257] FIG. 12 is a block diagram showing another
example of the schematic constitution of the controller
circuit, the source driver circuit and the SRAM shown in
FIG. 1.

[0258] The constitution shown in FIG. 12 is characterized
by having the arithmetic operation circuit 6 for external data
and SRAM data for every bit of the video data, wherein the
external data is subjected to the serial-parallel conversion
and the arithmetic operation of the external data together
with the SRAM data is performed for one scanning line
correctively.

[0259] Points which make this constitution different from
the constitution shown in the block diagram of FIG. 7 lies
in that the parallel-serial conversion shift register (1)4 for
the SRAM data and the selector circuit § for the SRAM data
are omitted and the arithmetic operation circuit 6 for exter-
nal data and SRAM data is provided in the inside of the
selector circuit 9 of the arithmetic operation data and the
SRAM data for every bit of the video data.

[0260] As in the case of the constitution shown in FIG. 12,
when the arithmetic operation circuit 6 is provided for every
video bit, the circuit scale is enlarged and hence, the chip
sized is enlarged. However, it is unnecessary to match
arithmetic operation circuit 6 to the transfer period of the
external data, there arises a margin in timing. The operation
may be performed with a period for every outputting to one
scanning line.

[0261] Further, in the constitution shown in FIG. 12, when
the shrinking of process progresses and an area of the digital
circuit can be reduced, the influence attributed to the
enlargement of the circuit of this constitution becomes small
as a whole, the increase of timing margin brings about the
more allowance in designing.

[0262] In the constitution shown in FIG. 12, the flow of
the image data advances as follows.

[0263] (1) Image Data from DI (RGB Interface)

[0264] mode A: when the flow does not advance
through the RAM

[0265] display data latch circuit (1)8—arithmetic
operation circuit 6 of external data and SRAM
data—sselector circuit 9 of arithmetic operation data
and RAM data

[0266] mode B: when the flow advances through the
RAM equal to the mode C described below
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[0267] (2) Image Data from SI (System Interface)

[0268] mode C: when the arithmetic operation is not
performed SRAM control circuit 1--SRAM2—
SRAM data latch circuit 3—selector circuit 9 of
arithmetic operation data and RAM

[0269] mode D: when the arithmetic operation is
performed SRAM control circuit 1--SRAM2—
SRAM data latch circuit 3—sarithmetic operation
circuit 6 for external data and SRAM data—selector
circuit 9 of the arithmetic operation data and the

RAM data
[0270] Further, the respective modes are explained here-
inafter.
[0271] (1) Mode A
[0272] FIG. 13A shows a flow of the image data in the

mode A and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 12.

[0273] Further, FIG. 13B is a view which schematically
shows the image displayed on the liquid crystal panel (PNL)
in the mode A. Here, although FIG. 13B is a view which
displays 260 thousand colors assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values.

[0274] The flow of the image data in the mode A advances
in order of DI (RGB interface)—=display data latch circuit

(1)8—(arithmetic operation circuit 6+selector circuit
9)—display data latch circuit (2)12.

[0275] In this manner, in the mode A, the SRAM 2 and the
SRAM data latch circuit 3 are not used and hence, it is
possible to stop the operations of these circuits.

[0276] Further, also with respect to the arithmetic opera-
tion circuit 6 and the selector circuit 9, the SRAM2 is not
used and hence, it is possible to allow the data to pass
therethrough.

[0277] Further, in case of the DI (RGB interface), since the
synchronizing clock is also inputted, it is not necessary to
specifically provide the oscillator 10.

[0278] However, since the time of several ms becomes
necessary until the operation of the oscillator 10 becomes
stable, to cope with the quick state change to the state of the
mode C which uses the oscillator 10, it is possible to allow
the oscillator 10 to keep on the operation.

[0279] (2) Mode B

[0280] FIG. 14A shows a flow of the image data in the
mode B and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 12.

[0281] Further, FIG. 14B is a view which schematically
shows the image displayed on the liquid crystal panel (PNL)
in the mode B. Here, although FIG. 14B is a view which
displays 260 thousand colors assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values.

[0282] The flow of the image data in the mode B advances
in order of DI (RGB interface)—=SRAM control circuit
1-SRAM 2—-SRAM data latch circuit 3—>(arithmetic
operation circuit 6+selector circuit 9)—display data latch
circuit (2)12.
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[0283] In this manner, in the mode B, the shift register (2)7
and display data latch circuit (1)8 are not used and hence, it
is possible to stop the operations of these circuits.

[0284] Further, also with respect to the arithmetic opera-
tion circuit 6 and the selector circuit 9, the SRAM2 is not
used and hence, it is possible to allow the data to pass
therethrough.

[0285] Further, in case of the DI (RGB interface), since the
synchronizing clock is also inputted, it is not necessary to
specifically provide the oscillator 10.

[0286] However, since the time of several ms becomes
necessary until the operation of the oscillator 10 becomes
stable, to cope with the quick state change to the state of the
mode C which uses the oscillator 10, it is possible to allow
the oscillator 10 to keep on the operation.

[0287] (3) Mode C

[0288] FIG. 15A shows a flow of the image data in the
mode B and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 12.

[0289] The mode C is substantially equal to the mode B
shown in FIG. 14A except for that the image data inputted
to the SRAM control circuit 1 is inputted from the SI
(system interface) and hence, the repeated explanation is
omitted.

[0290] However, in the mode C, since the synchronizing
clock is not inputted from the SI (system interface), the
clock generated by the oscillator 10 is used as the display
timing clock (CL1).

[0291] Further, FIG. 15B schematically shows the image
displayed on the liquid crystal panel (PNL) in a usual display
state in the mode C. Here, regions “a” and “b” in FIG. 15C
indicate portions which are displayed in eight colors and
other regions indicate a non-display region of white or black.
Although FIG. 15B is a view which displays 260 thousand
colors assuming 6 bits for respective RGB, the number of
colors and the number of pixels are not limited to these
values.

[0292] Further, FIG. 15C schematically shows the image
displayed on the liquid crystal panel (PNL) in a partial
display state in the mode C. Further, although FIG. 15C
describes a case in which the SRAM data are displayed in
eight colors, the number of colors and the number of partial
display lines (“a” and “b” in FIG. 15C) are not limited to
these values.

[0293] (4) Mode D

[0294] FIG. 16A shows a flow of the image data in the
mode D and illustrates the flow to the display data latch
circuit (2)12 shown in FIG. 12.

[0295] Further, FIG. 16B is a view which schematically
shows the image displayed on the liquid crystal panel (PNL)
in the mode D. Here, “a” and “b” in FIG. 16B indicate
regions where 8 color and 260 thousand colors are over-
lapped and a remaining portion indicate a display region of
260 thousand colors. Further, in FIG. 16B, although 260
thousand colors are displayed assuming 6 bits for respective
RGB, the number of colors and the number of pixels are not
limited to these values. In the same manner, although a case
in which the SRAM data 1s 8 colors is illustrated, the number
of colors and the number of overlapped display lines (“a”
and “b” in FIG. 16B) arc not limited to these values.
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[0296] The flow of the image data in the mode D advances
in two routes. In one route, the flow advances 1 order of SI
(system interface)>SRAM control circuit 1->SRAM2—
SRAM data latch circuit 3—(arithmetic operation circuit
6+selector circuit 9)—display data latch circuit (2)12. In
another route, the flow advances in the course of DI (RGB
interface)—display data latch circuit (1)8—(arithmetic
operation circuit 6+selector circuit 9)—>display data latch
circuit (2)12.

[0297] Further, in the mode D, since the synchronizing
clock is also inputted from the DI (RGB interface), it is not
necessary to specifically provide the oscillator 10.

[0298] However, since the time of several ms becomes
necessary until the operation of the oscillator 10 becomes
stable, to cope with the quick state change to the state of the
mode C which uses the oscillator 10, it is possible to allow
the oscillator 10 to keep on the operation.

[0299] Further, by executing the arithmetic operation in
the arithmetic operation circuit 6, it is possible to perform
the display by allowing the whole overlapped display line
part ((“a” and “b” in FIG. 11B) to be displayed in 8 colors,
or by allowing a portion of the overlapped display line part
to be displayed in 260 thousand colors and a remaining
portion to be displayed in 8 colors, or by allowing respective
50% of SRAM data and the external data inputted from the
DI (RGB interface) to be displayed in a transmissive man-
ner.

[0300] FIG. 17 is a circuit diagram showing one example
of an output circuit (current amplifying amplifier circuit) 16
shown in FIG. 7 or FIG. 12.

[0301] As mentioned above, the partial display means the
display of 8 total colors (=2x2x2) formed of respective two
colors of R, G, B. This partial display is used for displaying
only in a clock or the like and is a method which can also
reduce the number of using scanning lines.

[0302] The circuit shown in FIG. 17 is provided for
further reducing the power consumption when the partial
display is performed, wherein a clocked inverter (INV) is
connected to an operational amplifier (AMP) of the output
circuit 16 in parallel and the operational amplifier (AMP) of
the output circuit 16 is stopped when the partial display is
performed so as to reduce the power consumption.

[0303] To this inverter (INV), as a power source voltage,
a maximum gray scale voltage (V0) and a minimum gray
scale voltage (C63) are supplied and, at the same time, the
data which is subjected to level shifting (for example, DST
in FIG. 17) is inputted.

[0304] Hereinafter, the operation of the circuit shown in
FIG. 17 is explained.

[0305] (1) In the Normal Display, the Operational Ampli-
fier (AMP) of the Output Circuit 16 is set to an Operative
State.

[0306] Further, by setting the clock (T) to the H-level and
the clock (B) to the L-level, the operation of the inverter
(INV) is stopped (the output is set in a high impedance
state).
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[0307] Here, the H-level of the power source voltage is set
higher than the level of the maximum gray scale voltage
(V0) and the L-level (GND) of the power source voltage is
set lower than the level of the minimum gray scale voltage
(V63) and hence, the voltage levels of the clocks (T, B) may
be assumed as the power source levels.

[0308] (2) In the Partial Display, the Operational Amplifier
(AMP) of the Output Circuit 16 is Stopped (the Output is set
in a High Impedance State as Well as in a Direct Current
(DC) Pass Cut State).

[0309] Further, by setting the clock (T) to the L-level and
the clock (B) to the H-level, the inverter (INV) is set in an
operative state.

[0310] To the inverter (INV), data which is subjected to
level shifting (for example, D5T) is inputted. Here, the D5T
is data which allows the selection of the gray scale voltage
of V63 (low) at the time of “1” and data which allows the
selection of the gray scale voltage of VO (high) at the time
of “0”. Here, one of DO to D5 may be used as data.

[0311] Accordingly, from the output of the inverter (INV),
the gray scale voltage of V63 (low) or the gray scale voltage
of VO (high) is outputted.

[0312] Accordingly, in the partial display, it is possible
that the operational amplifier (AMP) of the output circuit 16
is stopped and the gray scale voltage of VO or the gray scale
voltage of V63 is outputted and hence, in the partial display,
it is possible to largely enhance the low power consumption.

[0313] Here, when the D3B is used as video data which is
inputted to the inverter (INV), by longitudinally connecting
the inverter (INV) in series in two stages, a logically correct
gray scale voltage can be outputted.

[0314] That is, the inverter (INV) may be arranged in n
(nZ2) stages. However, to reduce the penetrating current
between the voltages (V0, V63) which are applied as the
power source voltages of the inverter (INV), it is preferable
that the inverter (INV) is arranged in minimum one stage.

[0315] Here, although the case in which the video data of
6 bits is shown in FIG. 17, the video data may be of 8 bits
and, one of DO to D7 may be used as inputted data.

[0316] In FIG. 17, the data which is necessary in the
partial display is only D5T. Therefore, in the partial display,
in the level shift circuit 14 shown in FIG. 17, the level shift
operations for bits other than D5 bits are not necessary.

[0317] Generally, the level shift circuit has a large pen-
etrating current and hence, when the level shift circuit can be
stopped, the power consumption reduction effect can be
expected.

[0318] FIG. 18 is a view showing one example of the
circuit constitution which is used when the level shift
operations having bits other than DS bits are stopped in the
partial display.

[0319] In a circuit shown in FIG. 18, in the partial setting,
the voltage of the control line A is set to the L-level (GND).

[0320] Accordingly, by fixing the output of a NAND
circuit to the H-level and by stopping the operation of the D0
to D4 bits, it becomes possible to further reduce the power
consumption in the partial display.
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[0321] FIG. 19 s a circuit view showing another example
of the output circuit (current amplifying amplifier circuit) 16
shown in FIG. 7 or FIG. 12.

[0322] The constitution shown in FIG. 19 is different from
the constitution shown in FIG. 17 in that a decoder output
(analogue voltage) of the DA conversion circuit (gray scale

voltage decode circuit) 15 is used as the input to the inverter
(INV).

[0323] When the video data cannot be wired to the output
circuit 16 in view of the chip layout, this constitution is
effective.

[0324] In the partial display, it is necessary that the
decoder output of the DA conversion circuit 15 directly
outputs the gray scale voltage of V0 or the gray scale voltage
of V63, or either one of the selected gray scale voltages.

[0325] Therefore, in the circuit shown in FIG. 18, to
prevent the output from being inverted, it is necessary to
longitudinally connect the inverter (INV) in series in even-
numbered stages.

[0326] In the circuit shown in FIG. 17 or FIG. 19, in a
state that the clock (T) which is set to the L-level and the
clock (B) which is set to the H-level are inputted to the
inverter (INV), when the input voltage of the inverter (INV)
is changed, a penetrating current flows.

[0327] Even in such a case, although there arises no
drawback in the display of the liquid crystal panel (PNL),
there exists a possibility that t the power consumption is
increased. To decrease this penetrating current, it is neces-
sary to stop the operation of the inverter (INV) when the
input voltage of the inverter (INV) is changed.

[0328] An example of the operational timing in such a
case is shown in FIG. 20.

[0329] In FIG. 20, a GATE CL is a clock for turning on
or off agate line (G) of the liquid crystal display panel
(PNL), wherein the GATE CL is turned on at the H-level and
is turned off at the L-level.

[0330] ALINE CLis a latch clock of the display data latch
circuit (3)13 in FIG. 7, FIG. 12. In FIG. 20, at the point of
falling (P), the data for next scanning line is latched (timing
at which data is changed).

[0331] When the inverter (INV) is stopped (the clock (T)
is set to the H-level and the clock (B) is set to the L-level)
at the timing that the data is changed, no penetrating current
flows.

[0332] Therefore, the falling (P) may be positioned during
the Y-Z period shown in FIG. 20.

[0333] Here, during the Y-Z period, the output of the
inverter (INV) assumes the high impedance state and hence,
the driving of the liquid crystal is not performed during this
period. However, there arises no specific drawback provided
that the liquid crystal can be sufficiently driven during the
period after the high impedance state.

[0334] Further, when the point Y comes at a time earlier
than the X in FIG. 20, the output of the inverter (INV)
assumes the high impedance state when the writing is almost
finished in the front stage. Accordingly, such a situation is
not desirable. However, there arises no drawback provided
that the time comes after the voltage is sufficiently written in
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the liquid crystal and is shorter than time which allows a
level charged in the liquid crystal is leaked through a minute
leak.

[0335] As has been explained heretofore, by stopping the
inverter (INV) during the time that the data which is inputted
to the inverter (INV) is changed, it is possible to eliminate
the penetrating current whereby the further lowering of the
power consumption can be realized.

[0336] FIG. 21 is a view showing one example of a gray
scale voltage generating circuit 17 shown in FIG. 7, FIG.
12.

[0337] Generally, in the gray scale voltage generating
circuit 17 shown in FIG. 7, FIG. 12, the voltage (Vref in
FIG. 21) which is generated in a liquid crystal drive power
source generating circuit 120 is divided using a resistance
voltage dividing circuit (Ra) and a plurality of gray scale
reference voltages (in FIG. 21, five gray scale reference
voltages) are generated. Further, the voltage between the
gray scale reference voltages is divided using the resistance
voltage dividing circuit (Rb) thus generating a plurality of
gray scale voltages (in FIG. 21, gray scale voltages of 64
gray scales).

[0338] In this case, the plurality of gray scale voltages
have electric currents thereof amplified using an amplifying
circuit (or a buffer circuit).

[0339] In the partial display shown in FIG. 10(c), it is
necessary to perform the black or white display on the lines
other than the partial display lines.

[0340] Here, when only black or white display is per-
formed, as the gray scale voltages which are outputted from
a source driver 130 to the video lines (S), only two values,
that is, upper and lower values are necessary.

[0341] Therefore, as shown in FIG. 21, when the gray
scale reference voltage is supplied through the amplifying
circuit, in the partial display state, the operation of the
amplifying circuits (AMPa to AMPe) other than the ampli-
tying circuits (AMP0, AMP63 in FIG. 21) of the gray scale
voltage of V0 and the gray scale voltage of V63 can be
stopped and hence, the power consumption can be further
reduced.

[0342] In this manner, in the partial display, by stopping
the amplifying circuits which amplify the electric currents of
the gray scale reference voltages which are outputted from
the gray scale voltage generating circuit 47, the further low
power consumption can be realized.

[0343] FIG. 22 is a circuit diagram showing a conven-
tional oscillator.

[0344] 1In an oscillator 10 shown in FIG. 22, five inverters
(111 to I15) are connected in series using resistance elements
(R) and, at the same time, a capacitive element (C2) is
connected between an inverter (I11) and an inverter (I12)
and a power source voltage (Vce) is supplied to the inverter
(I11) through a capacitive element (C1).

[0345] In the oscillator 10 shown in FIG. 22, by changing
the resistance elements R and capacitive elements (C1, C2),
the oscillation frequency can be adjusted.
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[0346] However, in the conventional oscillator 10, to
obtain the stable oscillation frequency, as the resistance
element (R), an ordinary resistance element (a so-called
exteriorly-mounted resistance element) is used.

[0347] That is, since a resistance device having high
accuracy cannot be formed using an ordinary CMOS semi-
conductor or the like, in the inside of the semiconductor chip
which constitutes a drive circuit (DRV), the resistance
element (R) is not incorporated. The same goes for a case in
which the resistance device is formed on the glass substrate
using a polysilicon TFT or the like.

[0348] In the usual full gray scale display, a clock which
is inputted from a DI (RGB interface) is used. Therefore, in
this embodiment, when the SRAM data is used exclusively
for the partial display, the oscillator 10 shown in FIG. 7 and
FIG. 12 is used only in the partial display.

[0349] 1In the partial display, since the number of colors is
small and only simple display such as the display of a clock
is performed, even when a change occurs to some extent in
the alternating period or the like of the liquid crystal, the
change is hardly displayed as a disturbance of the image
quality.

[0350] Therefore, the accuracy of the resistance element
which is used in the oscillator 10 has a margin and hence, by
incorporating the resistance element in the inside of the
semiconductor chip, it is possible to reduce the number of
the liquid crystal display module parts.

[0351] Further, by incorporating the resistance elements in
the inside of the semiconductor chip, it is possible to vary
several resistance values under a control of MCU (that is, in
software). That is, the resistance values can be adjusted in
response to the image quality, the power consumption of the
liquid crystal display module,

[0352] FIG. 23 is a block diagram showing the schematic
constitution of the oscillator 10 of this embodiment.

[0353] In the oscillator 10 shown in FIG. 23, as a resis-
tance element, a resistance array (R Decoder) which is
incorporated in the inside of the semiconductor chip is used.
Further, to enable the use of the exteriorly-mounted resis-
tance element (R), terminals (PIN1, PIN2) are mounted.

[0354] FIG. 24 is a circuit diagram showing the consti-
tution of the resistance array (R Decoder) shown in FIG.23.

[0355] When the exteriorly-mounted resistance element
(R) is used, a transfer gate circuit (MZ1) is turned on and a
transfer gate circuit (MZ2) is turned off. The current loop of
the oscillator 10 at this time is shown by OSCR=0 in FIG.
24.

[0356] Further, when the resistance array (R Decoder) is
used, the transfer gate circuit (MZ1) is turned off and the
transfer gate circuit (MZ2) is turned on.

[0357] In the resistance array (R Decoder), a plurality of
inner resistances are connected in series and hence, by
selecting this inner resistance using one of a group of
transfer gate circuits (MZT), the resistance value can be
varied.

[0358] In FIG. 24, when 450 kQ is selected as the
resistance array (R Decoder), a current loop of the oscillator
10 is shown as OSCR=2. When 175 k€ is selected as the
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resistance array (R Decoder), a current loop of the oscillator
10 1s shown as OSCR=10. Further, when 50 k€2 is selected
as the resistance array (R Decoder), a current loop of the
oscillator 10 is shown as OSCR=15.

[0359] FIG. 25 is a view for explaining a display timing
clock (CL1) which is generated using a display timing
generating circuit 11 and a boosting clock which is gener-
ated using the oscillator 10.

[0360] As shown in FIG. 25(a), the display timing gen-
erating circuit 11 generates the display timing clock (CL1)
in response to a horizontal synchronizing signal (HSYNC)
which is inputted from the DI (RGB interface) and a dot
clock (DOTCLK).

[0361] This display timing clock (CL1) is a signal having
a fixed period (T1 shown in FIG. 25(b)).

[0362] Further, a boosting clock generating circuit 20
generates a boosting clock (DCCLK) by dividing a clock
(OSC1) which is generated using the oscillator 10.

[0363] The period (T2 shown in FIG. 25(b)) of this
boosting clock (DCCLK) is variable per one period of the
clock (OSC1) which is generated using the oscillator 10.

[0364] In the circuit shown in FIG. 25, the display timing
clock (CL1) and the boosting clock (DCCLK) are generated
in the inside of the same semiconductor chip. However,
since the respective reference clocks are not synchronized,
the generated clocks are also not synchronized with each
other.

[0365] Therefore, due to the interference of the display
timing clock (CL1) and the boosting clock (DCCLK), there
is a case that the deteriorating of the image quality is induced
in the image displayed in the liquid crystal display panel
(PNL).

[0366] FIG. 26 is a view for explaining the display timing
clock (CL1) which is generated by the display timing
generating circuit 11 and the boosting clock which is gen-
erated by the oscillator.

[0367] The circuit shown in FIG. 26 is provided for
preventing the occurrence of the deterioration of the image
quality displayed on the liquid crystal display panel (PNL)
which is caused by the interference between the display
timing clock (CL1) and the boosting clock (DCCLK).

[0368] In the circuit shown in FIG. 26, when the display
timing clock (CL1) which is generated by the display timing
generating circuit 11 is used as the display control signal, the
boosting clock generating circuit 20 generates the boosting
clock (DCCLK) based on a dot clock (DOTCLK) which is
inputted through a switch (SW).

[0369] Due to such a constitution, since the display timing
clock (CL1) and the boosting clock (DCCLK) are synchro-
nized, it is possible to prevent the occurrence of the dete-
rioration of the image quality displayed on the liquid crystal
display panel (PNL).

[0370] In this case, the boosting clock generating circuit
20 generates the boosting clock (DCCLK) in following two
modes.
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[0371] (1) Mode 1

[0372] The boosting clock (DCCLK) having the equal
period as the display timing clock (CL1) and, at the same
time, being capable of varying a Duty ratio which becomes
a charge/discharge ratio of the liquid crystal drive power
source generating circuit 120 (see T3 shown in FIG. 26B).

[0373] (2) Mode 2

[0374] The boosting clock (DCCLK) being synchronized
with the dot clock (DOTCLK), having a variable period and,
at the same time, having a Duty ratio which becomes a
charge/discharge ratio of the liquid crystal drive power
source generating circuit 120 fixed to 50% (see T4 shown in

FIG. 26B).

[0375] However, in this mode 2, the boosting clock
(DCCLK) is not in synchronism with the display timing
clock (CL1). B Here, in the above-mentioned description,
the present invention has been explained in conjunction with
the embodiments which are applied to the TFT type liquid
crystal display module. However, the present invention is
not limited to such embodiments and is applicable to a SNT
type liquid crystal display module or an EL display device
having organic EL elements.

[0376] Although the present invention made by inventors
of the present invention has been explained specifically in
conjunction with the above-mentioned embodiments, it is
needless to say that the present invention is not limited to
such embodiments and various modifications can be made
without departing from the gist of the present invention.

[0377] To briefly explain the advantageous -effects
obtained by the typical inventions among the inventions
disclosed in this specification, they are as follows.

[0378] That is, according to the present invention, in the
display device including the SRAM, it is possible to enhance
the low power consumption.

What is claimed is:

1. A display device comprising a drive circuit to which
video data is supplied from the outside; video lines to which
video signals outputted from the drive circuit are supplied,
and pixels to which the video signals are supplied through
the video lines, wherein

the drive circuit includes a memory which stores the video
data in memory cells, and

each memory cell of the memory includes

a first inverter which has an input terminal thereof con-
nected to a first node and an output terminal thereof
connected to a second node,

a second inverter which has an output terminal thereof
connected to the first node and an input terminal thereof
connected to the second node,

a first-conductive-type first transistor which is connected
between a first data line and the first node and has a
control terminal thereof connected to a first word line,

a second-conductive-type second transistor which is con-
nected between the first data line and the first node and
has a control terminal thereof connected to a third word
line,
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a first-conductive-type third transistor which is connected
between a second data line and the second node and has
a control terminal thereof connected to a second word
line, and

a second-conductive-type fourth transistor which is con-
nected between the second data line and the second
node and has a control terminal thereof connected to
the fourth word line.

2. A display device according to claim 1, wherein the

memory includes a control part,

the control part turns on the first and second transistors at
the time of writing the video data, and

the video data stored in the memory cell is supplied to the
first data line.
3. A display device according to claim 1, wherein the
control part turns on the third and fourth transistors at the
time of reading the video data, and

supplies the video data read from the memory cell in the

second data line.

4. A display device according to claim 3, wherein the
memory includes storage means which stores the video data
supplied to the second data line and read from the memory
cell, and

the control part, at the time of writing the video data,
selects video data inputted from the outside or the data
stored in the storage means and supplies the data to the
first data line.
5. A display device according to claim 1, wherein the
second inverter is a clocked inverter, and

the clocked inverter is turned off when the first and second

transistors are turned on.

6. A display device according to claim 1, wherein the
video data stored in the memory is video data for partial
display.

7. Adisplay device which includes a drive circuit to which
video data is supplied from the outside, video lines to which
video signals outputted from the drive circuit are supplied,
and pixels to which the video signals are supplied through
the video lines, wherein

the drive circuit includes a memory which stores the video
data in memory cells, and

a DA converter circuit which is provided between the
memory and the video lines, and

each memory cell of the memory includes

a first inverter which has an input terminal thereof con-
nected to a first node and an output terminal thereof
connected to a second node,

a second inverter which has an output terminal thereof
connected to the first node and an input terminal thereof
connected to the second node,

a first-conductive-type first transistor and a second-con-
ductive-type second transistor which are connected
between a first data line and the first node, and

a first-conductive-type third transistor and a second-con-
ductive-type fourth transistor which are connected
between the second data line and the second node,
wherein
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the first and the second transistors are turned on at the
time of writing the video data and are turned off at the
time of reading the video data, and

the third and the fourth transistors are turned off at the
time of writing the video data and are turned on at the
time of reading the video data.

8. A display device according to claim 7, wherein the
drive circuit includes a first path which supplies the video
data to the DA conversion circuit without through the
memory, and

a second path which supplies the video data to the DA
conversion circuit by way of the memory.

9. A display device according to claim 8, wherein the
drive circuit includes a gray scale voltage generating part
which outputs a plurality of gray scale voltages to the DA
conversion circuit, and

an operation of a circuit which constitutes a portion of the
gray scale voltage generating part is stopped at the time
of supplying the video data to the DA conversion
circuit through the second path.

10. A display device according to claim 7, wherein the
drive circuit assumes a first operative state in which the
video data is supplied to the DA conversion circuit without
through the memory and a second operative state in which
the video data is stored in the memory.

11. A display device according to claim 10, wherein the
drive circuit includes a gray scale voltage generating part
which outputs a plurality of gray scale voltages to the DA
conversion circuit, and

an operation of a circuit which constitutes a portion of the
gray scale voltage generating part is stopped when the
drive circuits assumes the second operative state.

12. A display device according to claim 11, wherein the
gray scale voltage generating part includes a plurality of
amplifying circuits which generate gray scale reference
voltages, and

the drive circuit stops an operation of the amplifying
circuits other than the amplifying circuits which output
a maximum gray scale voltage and a minimum gray
scale voltage among the plurality of amplifying circuits
in the second operative state.

13. A display device according to claim 10, wherein the
display device includes an output circuit between the DA
conversion circuit and the video line, and

stops an operation of the output circuit when the drive
circuit assumes the second operative state.

14. A display device according to claim 13, wherein the
display device includes a video signal bypass means which,
when the operation of the output circuit is stopped in the
second operative state, supplies an analogue signal outputted
from the DA conversion circuit as the video signal to the
video line without through the output circuit.

15. A display device according to claim 13, wherein the
display device includes a video signal bypass means which,
when the operation of the output circuit is stopped in the
second operative state, supplies gray scale voltages of arbi-
trary two stages to the video line based on arbitrary data
inputted to the DA conversion circuit.
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16. A display device according to claim 14, wherein an
operation of the video signal bypass means is stopped during
a period in which the data inputted to the DA conversion
circuit is changed.

17. A display device according to claim 14, wherein the
display includes a level shift circuit which is provided for
every video data in a preceding stage of the DA conversion
circuit and,
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stops an operation of the level shift circuit based on data
other than data inputted to the DA conversion circuit
when the operation of the output circuit is stopped in
the second operative state.

18. A display device according to claim 13, wherein the
number of gray scales of the pixels in the second operative
state is set smaller than the number of gray scales of the
pixels in the first operative state.

I S T
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