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MEMORY DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE EQUIPPED WITH
MEMORY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a memory device
which is capable of retaining data.

BACKGROUND ART

[0002] Liquid crystal display devices include a memory-
type liquid crystal display device which carries out a display
by temporarily retaining image data written to a pixel and
carrying out a refresh operation while reversing polarities of
the image data (memory operation mode). Image data is
rewritten to new image data in a pixel every one frame via a
data signal line in a normal operation (normal operation
mode, multi-color display mode) in which multi-color (multi-
gradation) display is carried out, whereas image data retained
in a pixel memory is used in a memory operation mode. In
view of this, it is unnecessary to supply rewriting image data
to a data line while the refresh operation is being carried out.
[0003] Accordingly, electric power consumption can be
reduced since it is possible in the memory operation mode to
stop an operation of a circuit which drives a scanning signal
line and a data signal line. Electric power consumption can
also be reduced by a reduction in number of times of charge
and discharge of the data signal line having a large capacity
and without the need of transmitting, to a controller, image
data corresponding to a memory operation period.

[0004] Accordingly, the memory operation mode is fre-
quently used for an image display such as a standby display of
a mobile phone, the image display being strongly required to
be carried out with lower electric power consumption.
[0005] FIG. 24 illustrates only a memory circuit part of
each pixel structure of such a memory-type liquid crystal
display device. In order to cause the each pixel structure to
function also as a pixel of the liquid crystal display device, it
is only necessary to assume that a liquid crystal capacitor Clc
is added to the each pixel structure (see a broken line in FIG.
24). Such a pixel structure is equivalent to, for example, a
pixel structure disclosed in Patent Literature 1.

[0006] A memory circuit MR100 serving as the memory
circuit part includes a switching circuit SW100, a first data
retaining section DS101, a data transfer section TS100, a
second data retaining section DS102, and a refresh output
control section RS100.

[0007] The switching circuit SW100 includes a transistor
N100 which is an N-channel TFT. The first data retaining
section DS101 includes a capacitor Cal100. The data transfer
section TS100 includes a transistor N101 which is an N-chan-
nel TFT. The second data retaining section DS102 includes a
capacitor Cb100. The refresh output control section RS100
includes an inverter INV100 and a transistor N103 whichis an
N-channel TFT. The inverter INV100 includes a transistor
P100 which is a P-channel TFT and a transistor N102 which
is an N-channel TFT.

[0008] As signal lines for driving each memory circuit
MR100, a data transfer control line DT100, a switch control
line SC100, a High voltage supply line PH100, a Low voltage
supply line PL100, a refresh output control line RC100, and a
capacitor wire CL100 are provided for each row of a pixel
matrix, and a data input line IN100 is provided for each
column of the pixel matrix.
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[0009] One and the other of drain/source terminals of a
field-effect transistor such as a TFT mentioned above are
referred to as a first drain/source terminal and a second drain/
source terminal, respectively. Note, however, that the first
drain/source terminal and the second drain/source terminal
between which a drain terminal and a source terminal are
constantly fixed in accordance with a direction in which a
current flows are referred to as the drain terminal and the
source terminal, respectively. The transistor N100 has a gate
terminal which is connected to the switch control line SC100,
the first drain/source terminal which is connected to the data
input line IN100, and the second drain/source terminal which
is connected to a node PIX that is one end of the capacitor
Cal00. The other end of the capacitor Cal00 is connected to
the capacitor wire CL.100.

[0010] The transistor N101 has a gate terminal which is
connected to the data transfer control line DT100, a first
drain/source terminal which is connected to the node PIX,
and a second drain/source terminal which is connected to a
node MRY that is one end of the capacitor Cb100. The other
end of the capacitor Cb100 is connected to the capacitor wire
CL100.

[0011] An input terminal IP of the inverter INV100 is con-
nected to the node MRY. The transistor P100 has a gate
terminal which is connected to the input terminal IP of the
inverter INV100, a source terminal which is connected to the
High voltage supply line PH100, and a drain terminal which
is connected to an output terminal OP of the inverter INV100.
The transistor N102 has a gate terminal which is connected to
the input terminal IP of the inverter INV100, a drain terminal
which is connected to the output terminal OP of the inverter
INV100, and a source terminal which is connected to the Low
voltage supply line PL.100. The transistor N103 has a gate
terminal which is connected to the refresh output control line
RC100, a first drain/source terminal which is connected to the
output terminal OP of the inverter INV100, and a second
drain/ source terminal which is connected to the node PIX.

[0012] Note that, in a case where a pixel structure is con-
stituted as a pixel by adding the liquid crystal capacitor Clc to
the memory circuit MR100, the liquid crystal capacitor Clc is
connected between the node PIX and a common electrode
COM.

[0013] Next, operation of the memory circuit MR100 is
described below with reference to FIG. 25.

[0014] It is assumed in FIG. 25 that the memory circuit
MR100 is in a memory operation mode such as a standby state
of'amobile phone. An electric potential of binary levels which
are High (an active level) and Low (a non-active level) is
applied from a driving circuit (not illustrated) to each of the
data transfer control line DT100, the switch control line
SC100, and the refresh output control line RC100. The High
and Low binary levels of a voltage may be individually set for
each of these lines. The High and Low binary logic levels are
supplied from the driving circuit (not illustrated) to the data
input line IN100. An electric potential to be supplied from the
High voltage supply line PH100 is equivalent to the High
binary logic level, and an electric potential to be supplied
from the Low voltage supply line PL.100 is equivalent to the
Low binary logic level. An electric potential to be supplied
from the capacitor wire CL100 may be constant or may
change at a given timing. For convenience of explanation, it is
assumed here that the electric potential to be supplied from
the capacitor wire CL.100 is constant.
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[0015] A writing period T101 and a refresh period T102 are
set in the memory operation mode. The writing period T101
is a period in which data to be retained in the memory circuit
MR100 is written to the memory circuit MR100 and which
has a period t101 and a period t102 that are successive in this
order. Since line-sequential writing is carried out with respect
to the memory circuit MR100 in the writing period T101, an
end timing of the period t101 is set for each row within a
period in which corresponding writing data is outputted. An
end timing of the period t102, i.e., an end timing of the writing
period T101 is identical in all the rows. The refresh period
T102 is a period in which the data written to the memory
circuit MR100 in the writing period T101 is retained while
being refreshed and which has a period t103 through a period
t110 that start concurrently in all the rows and are successive
in this order.

[0016] The switch control line SC100 has a High electric
potential in the period t101 of the writing period T101. Each
of the data transfer control line DT100 and the refresh output
control line RC100 has a Low electric potential. This causes
the transistor N100 to turn on. Therefore, a data electric
potential (High here) supplied to the data input line IN100 is
written to the node PIX. The switch control line SC100 has a
Low electric potential in the period t102. This causes the
transistor N100 to turn off. Therefore, an electric charge
corresponding to the written data electric potential is retained
in the capacitor Ca100.

[0017] Note here that, in a case where the memory circuit
MR100 is constituted only by the capacitor Cal00 and the
transistor N100, the node PIX is floating while the transistor
N100 is off. In this case, ideally, the electric charge is retained
in the capacitor Cal00 so that an electric potential of the node
PIX is maintained at High. However, in reality, an off-leakage
current occurs in the transistor N100. This causes the electric
charge of the capacitor Cal00 to gradually leak to an outside
ofthe memory circuit MR100. The leak of the electric charge
of the capacitor Cal00 causes the electric potential of the
node PIX to change. Therefore, in a case where the electric
charge leaks for a long time, the electric potential of the node
PIX changes to an extent that the written data electric poten-
tial loses its original function.

[0018] In view of the circumstances, the data transfer sec-
tion TS100, the second data retaining section DS102, and the
refresh output control section RS100 are arranged to function
to refresh the electric potential of the node PIX, so as to
prevent the written data from being lost.

[0019] Therefore, the refresh period T102 comes next. The
data transfer control line DT100 has a High electric potential
in the period t103. This causes the transistor N101 to turn on.
Therefore, the capacitor Cal00 and the capacitor Cb100 are
connected in parallel with each other via the transistor N101.
The capacitor Cal00 is set to have a larger capacitance than
the capacitor Cb100. Accordingly, movement of the electric
charge between the capacitor Cal00 and the capacitor Cb100
causes an electric potential of the node MRY to be High. A
positive electric charge moves from the capacitor Cal00 via
the transistor N101 to the capacitor Cb100 until the electric
potential of the node PIX becomes equivalent to the electric
potential of the node MRY. This causes the electric potential
of the node PIX to be lower by a slight amount of voltage of
AV1 than that obtained in the period t102. However, the
electric potential of the node PIX falls within a range of a
High electric potential.
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[0020] The data transfer control line DT100 has a Low
electric potential in the period t104. This causes the transistor
N101 to turn off. Therefore, the electric charge is retained in
the capacitor Cal00 so that the electric potential of the node
PIX is maintained at High, and the electric charge is retained
in the capacitor Cb100 so that the electric potential of the
node MRY is maintained at High.

[0021] The refresh output control line RC100 has a High
electric potential in the period t105. This causes the transistor
N103 to turn on. Therefore, the output terminal OP of the
inverter INV100 is connected to the node PIX. Since a reverse
electric potential (Low here) to the electric potential of the
node MRY is supplied to the output terminal OP, the node PIX
is charged at the reverse electric potential. The refresh output
control line RC100 has a Low electric potential in the period
t106. This causes the transistor N103 to turn off. Therefore,
the electric charge is retained in the capacitor Cal100 so that
the electric potential of the node PIX is maintained at the
reverse electric potential.

[0022] The data transfer control line DT100 has a High
electric potential in the period t107. This causes the transistor
N101 to turn on. Therefore, the capacitor Cal00 and the
capacitor Cb100 are connected in parallel with each other via
the transistor N101. Accordingly, movement of the electric
charge between the capacitor Cal00 and the capacitor Cb100
causes the electric potential of the node MRY to be Low. A
positive electric charge moves from the capacitor Cb100 via
the transistor N101 to the capacitor Cal00 until the electric
potential of the node MRY becomes equivalent to the electric
potential of the node PIX. This causes the electric potential of
the node PIX to be higher by a slight amount of voltage of
AV2 than that obtained in the period t106. However, the
electric potential of the node PIX falls within a range of a Low
electric potential.

[0023] The data transfer control line DT100 has a Low
electric potential in the period t108. This causes the transistor
N101 to turn off. Therefore, the electric charge is retained in
the capacitor Cal00 so that the electric potential of the node
PIX is maintained at Low, and the electric charge is retained
in the capacitor Cb100 so that the electric potential of the
node MRY is maintained at Low.

[0024] The refresh output control line RC100 has a High
electric potential in the period t109. This causes the transistor
N103 to turn on. Therefore, the output terminal OP of the
inverter INV100 is connected to the node PIX. Since a reverse
electric potential (High here) to the electric potential of the
node MRY is supplied to the output terminal OP, the node PIX
is charged at the reverse electric potential. The refresh output
control line RC100 has a Low electric potential in the period
t110. This causes the transistor N103 to turn off. Therefore,
the electric charge is retained in the capacitor Cal00 so that
the electric potential of the node PIX is maintained at the
reverse electric potential.

[0025] Thereafter, the period t103 through the period t110
are repeated in the refresh period T102 until the next writing
period T101 comes. In the period t105, the electric potential
of the node PIX is refreshed to the reverse electric potential.
In the period t109, the electric potential of the node PIX is
refreshed to the electric potential obtained during writing.
Note that, in a case where the data electric potential of Low is
written to the node PIX in the period t101 of the writing
period T101, an electric potential waveform of the node PIX
is obtained by reversing an electric potential waveform of
FIG. 25.
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[0026] As described earlier, the memory circuit MR100 is
arranged such that in accordance with a data inversion
method, written data is retained while being refreshed.
Assume that the liquid crystal capacitor Clc is added to the
memory circuit MR100. In a case where an electric potential
ofthe common electrode COM is reversed between High and
Low at a timing at which data is refreshed, black display data
or white display data can be refreshed while its polarities are
being reversed.

CITATION LIST
Patent Literature 1

[0027] Japanese Patent Application Publication, Tokukai,
No. 2002-229532 A (Publication Date: Aug. 16, 2002)

SUMMARY OF INVENTION
Technical Problem

[0028] However, according to the conventional memory
circuit MR100, the data transfer section TS100 including the
transistor N101 is provided in a circuit in which data is
refreshed. Therefore, in the period 1104 through the period
t106 and the period t108 through the period t110 of the refresh
period T102 in each of which periods the data transfer control
line DT100 has an electric potential of a non-active level
(Low here), the node MRY has been cut off from the node PIX
and is floating. Especially in the period t105 through the
period 1106, the node MRY has an electric potential equiva-
lent to High in a case where the node PIX has an electric
potential equivalent to Low. In the period t109 through the
period 1110, the node MRY has an electric potential equiva-
lent to Low in a case where the node PIX has an electric
potential equivalent to High. Though the transistor N101 of
the data transfer section TS100 is off in this period, the off-
leakage current occurring in the transistor N100 causes the
electric potential of the node MRY to gradually change as
time passes.

[0029] Note that each of the nodes which are floating is
influenced by an electric potential change due to a parasitic
capacitor of a transistor, a wire, or the like. However, for
simplification of explanation, no consideration is herein
given to the electric potential change due to the parasitic
capacitor.

[0030] Assume that an amount of electric potential change
inthenode MRY due to the off-leakage current is .. The node
MRY has an electric potential of (High electric potential—
AV1-q@) in the period t103 through the period t104. This
causes a further electric potential change in addition to the
electric potential change of AV1 due to electric charge parti-
tioning and further causes an electric potential change of
(AV1+0). The node MRY has an electric potential of (Low
electric potential+AV2+a) in the period t107 through the
period t108. This causes a further electric potential change in
addition to the electric potential change of AV2 due to electric
charge partitioning and further causes an electric potential
change of (AV2+0.).

[0031] Assume that a threshold voltage of each of the tran-
sistor P100 and the transistor N102 of the inverter INV100 is
Vth. In a case where the electric potential (High electric
potential-AV1-a) of the node MRY is lower than (High
electric potential-Vth), the transistor P100 gradually turns
on. In this case, the transistor N102 is on. This causes a
problem such that a breakthrough current flows from the High
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voltage supply line PH100 via the transistor P100 and the
transistor N102 to the Low voltage supply line [L100 and a
large consumption current occurs.

[0032] In a state in which such a breakthrough current
flows, an output of the inverter INV100 gradually has an
electric potential between High and Low. In this case, the
node PIX also has an electric potential between High and
Low. In a case where the node PIX has an electric potential
which cannot be discriminated between High and Low, an
operation error occurs in the memory circuit MR100.

[0033] Similarly, ina case where the electric potential (Low
electric potential+AV2+a) of the node MRY is higher than
(Low electric potential+Vth), the transistor N102 gradually
turns on. In this case, the transistor P100 is on. This causes a
problem such that a breakthrough current flows from the High
voltage supply line PH100 via the transistor P100 and the
transistor N102 to the Low voltage supply line [.100 and a
large consumption current occurs. In a state in which such a
breakthrough current flows, an output of the inverter INV100
gradually has an electric potential between High and Low. In
this case, the node PIX also has an electric potential between
High and Low. In a case where the node PIX has an electric
potential which cannot be discriminated between High and
Low, an operation error occurs in the memory circuit MR100.
[0034] As described earlier, a conventional memory device
has the following problem. According to a memory circuit
including (i) a first node (the node PIX in the above example)
to which a data electric potential is written, (ii) a second node
(the node MRY in the above example) to which data of the
first node is transferred from the first node so as to be
refreshed, and (iii) a data transfer element provided between
the first node and the second node, a circuit which carries out
arefresh operation in accordance with an electric potential of
the second node cannot appropriately carry out its original
operation due to an off-leakage current occurring in the data
transfer element.

[0035] Inview ofthe above problems, the present invention
proposes an arrangement in which power consumption can be
reduced and a refresh operation can be properly carried out in
a memory device which carries out the refresh operation in a
data retention period following writing of a data signal elec-
tric potential.

Solution to Problem

[0036] Inorder to attain the above object, a memory device
of'the present invention which carries out a refresh operation
in a data retention period following writing of a data signal
electric potential, includes:

[0037] first through fourth transistors;

[0038] a first signal line for turning the first transistor
on/off;

[0039] asecond signal line for turning the second transistor
on/off;

[0040] a third signal line for turning the fourth transistor
on/off;

[0041] a fourth signal line for supplying the data signal

electric potential; and

[0042] a fifth signal line for forming a capacitor in which
the data signal electric potential is retained,

[0043] the first transistor having (i) a control terminal
which is connected to the first signal line and (ii) a first
conduction terminal which is connected to the fourth signal
line,
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[0044] the second transistor having (i) a control terminal
which is connected to the second signal line and (ii) a first
conduction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection point,
[0045] the third transistor having (i) a control terminal
which is connected to a second conduction terminal of the
second transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second signal
line,

[0046] the fourth transistor having (i) a control terminal
which is connected to the third signal line, (ii) a first conduc-
tion terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second conduction
terminal which is connected to the first connection point,
[0047] a first capacitor being formed between the first con-
nection point and the fifth signal line, a second capacitor
being formed between the second connection point and the
fifth signal line, and a third capacitor being formed between
the first conduction terminal of the third transistor and the
second connection point.

[0048] According to the arrangement, in the data retention
period, a constant electric potential which turns the third
transistor on is supplied to the fourth signal line, and the
refresh operation is properly carried out by making the third
signal line active after making the first signal line active once
while the second signal line is being kept non-active. This
eliminates the need for an inverter (FIG. 24) for carrying out
arefresh operation, thereby greatly reducing power consump-
tion as compared with a conventional art.

[0049] According to the arrangement, a third capacitor is
formed between the first conduction terminal of the third
transistor and the second connection point. This can stabilize
electric potentials of the first connection point and the second
connection point, thereby making it possible to properly carry
out a refresh operation of a memory device. This is described
later in detail (see FI1G. 13).

[0050] Inorder to attain the above object, a memory device
of'the present invention which carries out a refresh operation
in a data retention period following writing of a data signal
electric potential, includes:

[0051] first through fourth transistors;

[0052] a first signal line for turning the first transistor
on/off;

[0053] asecond signal line for turning the second transistor
on/off;

[0054] a third signal line for turning the fourth transistor
on/off;

[0055] a fourth signal line for supplying the data signal
electric potential;

[0056] a fifth signal line for forming a capacitor in which
the data signal electric potential is retained; and

[0057] a sixth signal line,

[0058] the first transistor having (i) a control terminal
which is connected to the first signal line and (ii) a first
conduction terminal which is connected to the fourth signal
line,

[0059] the second transistor having (i) a control terminal
which is connected to the second signal line and (ii) a first
conduction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection point,

[0060] the third transistor having (i) a control terminal
which is connected to a second conduction terminal of the
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second transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second signal
line,

[0061] the fourth transistor having (i) a control terminal
which is connected to the third signal line, (ii) a first conduc-
tion terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second conduction
terminal which is connected to the first connection point,
[0062] a first capacitor being formed between the first con-
nection point and the fifth signal line, a second capacitor
being formed between the second connection point and the
fifth signal line, and a third capacitor being formed between
the second connection point and the sixth signal line.

[0063] According to the arrangement, in the data retention
period, a constant electric potential which turns the third
transistor on is supplied to the fourth signal line, and the
refresh operation is properly carried out by making the third
signal line active after making the first signal line active once
while the second signal line is being kept non-active. This
eliminates the need for an inverter (FIG. 24) for carrying out
arefresh operation, thereby greatly reducing power consump-
tion as compared with a conventional art.

[0064] According to the arrangement, a third capacitor is
formed between the second connection point and the sixth
signal line. This can stabilize electric potentials of the first
connection point and the second connection point, thereby
making it possible to properly carry out a refresh operation of
a memory device. This is described later in detail (see FIG.
20).

[0065] In order to attain the above object, a liquid crystal
display device of the present invention includes:

[0066] any of the memory devices;

[0067] a pixel electrode; and

[0068] a counter electrode,

[0069] the pixel electrode being connected to the first con-
nection point,

[0070] the first signal line functioning also as a scanning

signal line, and

[0071] the fourth signal line functioning also as a data sig-
nal line.
[0072] In order to attain the above object, a liquid crystal

display device of the present invention is a memory-type
liquid crystal display device which carries out a refresh opera-
tion in a data retention period following writing of a data
signal electric potential, including:

[0073] data signal lines;

[0074] scanning signal lines;
[0075] retention capacitor wires;
[0076] data transfer lines;

[0077] refresh lines;

[0078] pixel electrodes;

[0079] a counter electrode;
[0080] first transistors;

[0081] second transistors;

[0082] third transistors;

[0083] fourth transistors;

[0084] first capacitors;

[0085] second capacitors; and
[0086] third capacitors,

[0087] wherein each pixel electrode is associated with the

first transistors, the second transistors, the third transistors,
the fourth transistors, the first capacitors, the second capaci-
tors, and the third capacitors in such a manner that (i) a first
transistor associated with the pixel electrode has a control
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terminal which is connected to a scanning signal line associ-
ated with the pixel electrode, (ii) a second transistor associ-
ated with the pixel electrode has a control terminal which is
connected to a data transfer line associated with the pixel
electrode, (iii) a third transistor associated with the pixel
electrode has a control terminal which is connected to the
pixel electrode via the second transistor, (iv) a fourth transis-
tor associated with the pixel electrode has a control terminal
which is connected to a refresh line associated with the pixel
electrode, (v) a first capacitor associated with the pixel elec-
trode is connected to the pixel electrode, (vi) a second capaci-
tor associated with the pixel electrode is connected to the
pixel electrode via the second transistor, (vii) a third capacitor
associated with the pixel electrode is formed between (a) a
conduction terminal of the third transistor which conduction
terminal is connected to the data transfer line and (b) the
control terminal of the third transistor, and (viii) the pixel
electrode is connected to a data signal line associated with the
pixel electrode via the first transistor and is connected to the
data transfer line via the fourth transistor and the third tran-
sistor.

Advantageous Effects of Invention

[0088] As described above, the memory device and the
liquid crystal display device of the present invention include:
[0089] first through fourth transistors;

[0090] a first signal line for turning the first transistor
on/off;
[0091] a second signal line for turning the second transistor
on/off;
[0092] a third signal line for turning the fourth transistor
on/off;
[0093] a fourth signal line for supplying the data signal

electric potential; and

[0094] a fifth signal line for forming a capacitor in which
the data signal electric potential is retained,

[0095] the first transistor having (i) a control terminal
which is connected to the first signal line and (ii) a first
conduction terminal which is connected to the fourth signal
line,

[0096] the second transistor having (i) a control terminal
which is connected to the second signal line and (ii) a first
conduction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection point,
[0097] the third transistor having (i) a control terminal
which is connected to a second conduction terminal of the
second transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second signal
line,

[0098] the fourth transistor having (i) a control terminal
which is connected to the third signal line, (ii) a first conduc-
tion terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second conduction
terminal which is connected to the first connection point,
[0099] a first capacitor being formed between the first con-
nection point and the fifth signal line, a second capacitor
being formed between the second connection point and the
fifth signal line, and a third capacitor being formed between
the first conduction terminal of the third transistor and the
second connection point.

[0100] This makes it possible to reduce power consumption
and properly carry out a refresh operation in a memory device
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which carries out a refresh operation in a data retention period
following writing of a data signal electric potential.

BRIEF DESCRIPTION OF DRAWINGS

[0101] FIG. 1, which shows an embodiment of the present
invention, is a block diagram illustrating an arrangement of a
memory device.

[0102] FIG. 2 is a block diagram illustrating how memory
cells and wires of the memory cell of FIG. 1 are arranged.
[0103] FIG. 3 is a block diagram illustrating an arrange-
ment of a memory cell of FIG. 2.

[0104] FIG. 4 illustrates operations of the memory cell of
FIG. 3. (a) through (h) of FIG. 4 illustrate the operations.
[0105] FIG. 5, which shows the embodiment of the present
invention, is a circuit diagram illustrating an arrangement of
a memory circuit.

[0106] FIG. 6 is a timing chart illustrating a writing opera-
tion of the memory circuit of FIG. 5.

[0107] FIG. 7 is a timing chart illustrating another writing
operation of the memory circuit of FIG. 5.

[0108] FIG. 8is a timing chart illustrating a reading opera-
tion of the memory circuit of FIG. 5.

[0109] FIG. 9, which shows the embodiment of the present
invention, illustrates polarities of data.

[0110] FIG. 10 is a timing chart illustrating how the
memory circuit of FIG. 5 operates in a case where an opera-
tion error occurs in the memory circuit due to an electric
potential change of a node MRY.

[0111] FIG. 11 is a timing chart illustrating how a conven-
tional memory circuit of FIG. 25 operates in a case where an
operation error occurs in the conventional memory circuit due
to an electric potential change of a node MRY.

[0112] FIG. 12, which shows the embodiment of the
present invention, is a circuit diagram illustrating an arrange-
ment of a memory circuit of Example 1.

[0113] FIG. 13 is atiming chart illustrating a writing opera-
tion of the memory circuit of FIG. 12.

[0114] FIG. 14, which shows the embodiment of the
present invention, is a block diagram illustrating an arrange-
ment of a liquid crystal display device.

[0115] FIG. 15 is a circuit diagram illustrating an arrange-
ment of a pixel of the liquid crystal display device of FIG. 14.
[0116] FIG. 16 is a timing chart illustrating an operation of
a pixel circuit of FIG. 15.

[0117] FIG. 17 is a plan view of a pixel of a liquid crystal
panel according to Example 1 which is provided in the liquid
crystal display device of FIG. 14.

[0118] FIG. 18 is across-sectional view taken along the line
A-B-C of FIG. 17.

[0119] FIG. 19, which shows the embodiment of the
present invention, is a circuit diagram illustrating an arrange-
ment of a memory circuit of Example 2.

[0120] FIG.20is atiming chart illustrating a writing opera-
tion of the memory circuit of FIG. 19.

[0121] FIG. 21 is a timing chart illustrating another writing
operation of the memory circuit of FIG. 19.

[0122] FIG. 22 is a plan view of a pixel of a liquid crystal
panel according to Example 2.

[0123] FIG. 23 is across-sectional view taken along the line
A-B-C of FIG. 22.

[0124] FIG. 24, which shows a conventional art, is a circuit
diagram illustrating an arrangement of a memory circuit.
[0125] FIG. 25 is a signal diagram illustrating a writing
operation of the memory circuit of FIG. 24.
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[0126] FIG. 26 is a circuit diagram illustrating an arrange-
ment of a pixel of a liquid crystal panel shown in FIG. 22.

DESCRIPTION OF EMBODIMENTS

[0127] An embodiment of the present invention is
described below with reference to FIG. 1 through FIG. 23 and
FIG. 26.

[0128] The present embodiment discusses a memory
device which is capable of writing and reading data.

[0129] FIG. 1 illustrates an arrangement of a memory
device 1 of the present embodiment.

[0130] The memory device 1 includes a memory array 2, an
input-output interface 3, a command decoder 4, a timing
generating circuit 5, a word line control circuit 6, and a
writing/reading circuit 7.

[0131] The memory array 2 is arranged such that memory
cells 8 are provided in a matrix with n rows and m columns
(see FIG. 2). Each of the memory cells 8 independently
retains data. The first word line Xi(1), the second word line
Xi(2), and the third word line Xi(3) which are connected to
the ith (i is an integer, 1=i=n) row, and a bit line Yj which is
connected to the jth (j is an integer, 1=j=m) column control
writing and reading of data with respect to a memory cell 8
located at an intersection of the ith row and the jth column.
[0132] The input-output interface 3 controls an input-out-
put of data between the memory device 1 and an outside of the
memory device 1. For example, a four-wire serial interface
used as the input-output interface 11 controls a transmission
of a serial chip select signal SCS, a serial clock signal SCLK,
a serial data input signal SDI, and a serial data output signal
SDO (see FIG. 1). According to this, the input-output inter-
face 3 receives a writing/reading command and/or an address/
data from outside and supplies, to the outside, data read out
from the memory array 2. The input-output interface 3 is not
limited to the four-wire serial interface but may be a parallel
interface.

[0133] The command decoder 4 is connected to each of the
input-output interface 3 and the timing generating circuit 5.
The command decoder 4 is a circuit which interprets the
command received from the input-output interface 3 and
selects an operation mode in accordance with the interpreta-
tion, so as to transmit the operation mode thus selected to the
timing generating circuit 5.

[0134] The timing generating circuit 5 is connected to each
of the input-output interface 3, the command decoder 4, the
word line control circuit 6, and the writing/reading circuit 7.
In accordance with the operation mode determined by the
command decoder 4, the timing generating circuit 5 generates
an internal timing signal which is necessary for each opera-
tion. A clock signal which serves as a basis for a timing may
be supplied from an external system via the input-output
interface 3 or may be generated inside the memory device 1 or
inside the timing generating circuit 5 by an oscillator or the
like.

[0135] The word line control circuit (row driver) 6 is con-
nected to each of the memory array 2, the input-output inter-
face 3, and the timing generating circuit 5. In accordance with
the internal timing signal generated by the timing generating
circuit 5, the word line control circuit 6 controls a word line
which is appropriately selected, in accordance with a writing/
reading address to be supplied from the input-output interface
3, from among a plurality of kinds of word lines of the first
word line Xi(1), the second word line Xi(2), and the third
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word line Xi(3) (i is the row number) which are connected to
each row of the memory array 2.

[0136] Thewriting/reading circuit (column driver) 7 is con-
nected to each of the memory array 2, the input-output inter-
face 3, and the timing generating circuit 5. In accordance with
the internal timing signal generated by the timing generating
circuit 5, the writing/reading circuit 7 controls the bit line Yj
(j is the column number) which is connected to each column
of the memory array 2. During writing of data, the writing/
reading circuit 7 applies, to a bit line, a binary logic level in
accordance with written data to be supplied from the input-
output interface 3. During reading of data, the writing/reading
circuit 7 senses an electric potential of each bit line and
supplies data in accordance with a sensed value to the input-
output interface 3. Binary logic levels are indicated by a first
electric potential level and a second electric potential level.
For example, one and the other of the first electric potential
level and the second electric potential level are indicated by a
High electric potential and a Low electric potential, respec-
tively. The first electric potential level and the second electric
potential level, which are logic levels, may have respective
values falling within a given range. FIG. 3 shows a concept of
an arrangement of each of the memory cells 8.

[0137] A memory cell 8 includes a switching circuit SW1,
a first data retaining section DS1, a data transfer section TS1,
a second data retaining section DS2, a refresh output control
section RS1, and a voltage supply VS1.

[0138] The memory array 2 includes a data input line IN1,
a switch control line SC1, a data transfer control line DT1,
and a refresh output control line RC1 (refresh line). In FIG. 2,
the bit line Yj corresponds to the data input line IN1, the first
word line Xi(1) corresponds to the switch control line SC1,
the second word line Xi(2) corresponds to the data transfer
control line DT1, and the third word line Xi(3) corresponds to
the refresh output control line RC1.

[0139] The switching circuit SW1 is driven by the word line
control circuit 6 via the switch control line SC1 (a first signal
line), so as to selectively turn on or off the data input line IN1
(a fourth signal line) and the first data retaining section DS1.
[0140] The first data retaining section DS1 retains a binary
logic level to be supplied thereto.

[0141] The data transfer section TS1 is driven by the word
line control circuit 6 via the data transfer control line DT1 (a
data transfer line, a second signal line), so as to selectively
carry out (i) a transfer operation in which the binary logic
level retained in the first data retaining section DS1 is trans-
ferred to the second data retaining section DS2 while being
retained in the first data retaining section DS1 and (ii) a
non-transfer operation in which no transfer operation is car-
ried out. Note that, since a signal to be supplied to the data
transfer control line DT1 is shared by all the memory cells 8,
the data transfer control line DT1 is not necessarily required
to be provided for each row to be driven by the word line
control circuit 6. The data transfer control line DT1 may be
driven by the writing/reading circuit 7 or the like.

[0142] The second data retaining section DS2 retains the
binary logic level to be supplied thereto.

[0143] Therefresh output control section RS1 (first control
section) is driven by the word line control circuit 6 via the
refresh output control line RC1 (a refresh line, a third signal
line), so as to be selectively controlled to be in a state in which
the refresh output control section RS1 carries out a first opera-
tion or a second operation. Note that, since a signal to be
supplied to the refresh output control line RC1 is shared by all
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the memory cells 8, the refresh output control line RC1 is not
necessarily required to be provided for each row to be driven
by the word line control circuit 6. The refresh output control
line RC1 may be driven by the writing/reading circuit 7 or the
like.

[0144] In the first operation, an active state or a non-active
state is selected in accordance with control information
indicative of which of the first electric potential level and the
second electric potential level is retained in the second data
retaining section DS2 as the binary logic level. In the active
state, the refresh output control section RS1 receives an input
thereto and supplies the input as an output thereof to the first
data retaining section DS1. In the non-active state, the refresh
output control section RS1 stops carrying out an output.
[0145] In the second operation, the refresh output control
section RS1 stops carrying out the output regardless of the
control information.

[0146] The voltage supply VS1 supplies a set electric
potential to an input of the refresh output control section RS1.
[0147] Next, a transition of a state of the memory cell 8 is
described below with reference to (a) through (h) of FIG. 4.
Each of (a) through (h) of FIG. 4 illustrates “H” assuming that
the first electric potential level is High and illustrates “L”
assuming that the second electric potential level is Low. As for
parts of FIG. 4 in each of which “H” and “L.” are vertically
juxtaposed to each other, the upper “H” or “L” shows a
transition state of an electric potential level obtained during
writing of “H” to the memory cell 8, and the lower “H” or “L.”
shows a transition state of an electric potential level obtained
during writing of “L” to the memory cell 8.

[0148] First, a writing period T1 for writing data is set in a
data writing mode.

[0149] Inthe writing period T1, the switch control line SC1
causes the switching circuit SW1 to turn on, and a binary
logic level to be retained is supplied from the data input line
IN1 via the switching circuit SW1 to the first data retaining
section DS1, the binary logic level being indicated by the first
electric potential level or the second electric potential level
corresponding to data (see (a) of FIG. 4).

[0150] Inresponse to the supply of the binary logic level to
the first data retaining section DS1, the switch control line
SC1 causes the switching circuit SW1 to turn off. In this case,
the data transfer control line DT1 causes the data transfer
section TS1 to turn on, i.e., to be in a state in which the data
transfer section TS1 carries out the transfer operation, and the
binary logic level having been supplied to the first data retain-
ing section DS1 is transferred from the first data retaining
section DS1 via the data transfer section TS1 to the second
data retaining section DS2 while being retained in the first
data retaining section DS1. In a case where the binary logic
level has been transferred to the second data retaining section
DS2, the data transfer section TS1 turns off, i.e., is in a state
in which the data transfer section TS1 carries out the non-
transfer operation.

[0151] A refresh period T2 (data retaining period) is set
following the writing period T1.

[0152] In the refresh period T2, the first electric potential
level (data signal electric potential) is first supplied from the
writing/reading circuit 7 to the data input line IN1 (see (b) of
FIG. 4).

[0153] Then, the switch control line SC1 causes the switch-
ing circuit SW1 to turn on, and the first electric potential level
is supplied from the data input line IN1 via the switching
circuit SW1 to the first data retaining section DS1 (see (c) of
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FIG. 4). In response to the supply of the first electric potential
level to the first data retaining section DS1, the switch control
line SC1 causes the switching circuit SW1 to turn off.
[0154] Next, the refresh output control line RC1 controls
the refresh output control section RS1 to be in a state in which
the refresh output control section RS1 carries out the first
operation (see (d) of FIG. 4). The refresh output control
section RS1 carries out the first operation differently in accor-
dance with the control information indicative of which of the
first electric potential level and the second electric potential
level (data signal electric potential) is retained in the second
data retaining section DS2 as the binary logic level.

[0155] Namely, in a case where the first electric potential
level is retained in the second data retaining section DS2 and
first control information indicating that the first electric
potential level is retained in the second data retaining section
DS2 is transmitted from the second data retaining section
DS2 to the refresh output control section RS1, the refresh
output control section RS1 is in the active state, in which the
refresh output control section RS1 receives the input thereto
and supplies the input as the output thereof to the first data
retaining section DS1. In a case where the refresh output
control section RS1 carries out the first operation, the electric
potential of the voltage supply VS1 is set so that the second
electric potential level can be at least finally supplied to the
input of the refresh output control section RS1 in a period
during which the first control information is being transmitted
to the refresh output control section RS1. In this case, the first
data retaining section DS1 retains the second electric poten-
tial level in a state in which the binary logic level having been
retained therein until then is overwritten with the second
electric potential level having been supplied from the refresh
output control section RS1.

[0156] In contrast, in a case where the second electric
potential level is retained in the second data retaining section
DS2, the refresh output control section RS1 is in the non-
active state. In a case where second control information indi-
cating that the second electric potential level is retained in the
second data retaining section DS2 is transmitted from the
second data retaining section DS2 to the refresh output con-
trol section RS1, the refresh output control section RS1 is in
a state in which the refresh output control section RS1 stops
carrying out the output (an “X” in FIG. 4). In this case, the first
data retaining section DS1 continues retaining the first elec-
tric potential level having been retained therein until then.
[0157] Thereafter, the refresh output control line RC1 con-
trols the refresh output control section RS1 to be in a state in
which the refresh output control section RS1 carries out the
second operation.

[0158] Subsequently, in the refresh period T2, the data
transfer control line DT1 causes the data transfer section TS1
to be in the state in which the data transfer section TS1 carries
out the transfer operation, and binary logic data having been
retained in the first data retaining section DS1 until then is
transferred from the first data retaining section DS1 via the
data transfer section TS1 to the second data retaining section
DS2 while being retained in the first data retaining section
DS1 (see (e) of FIG. 4). In a case where the binary logic data
has been transferred from the first data retaining section DS1
to the second data retaining section DS2, the data transfer
section TS1 turns off, i.e., is in a state in which the data
transfer section TS1 carries out the non-transfer operation.
[0159] Then, the switch control line SC1 causes the switch-
ing circuit SW1 to turn on, and the first electric potential level
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is supplied from the data input line IN1 via the switching
circuit SW1 to the first data retaining section DS1 (see (f) of
FIG. 4). In response to the supply of the first electric potential
level to the first data retaining section DS1, the switch control
line SC1 causes the switching circuit SW1 to turn off.
[0160] Next, the refresh output control line RC1 controls
the refresh output control section RS1 to be in a state in which
the refresh output control section RS1 carries out the first
operation (see (g) of FIG. 4). In a case where the first electric
potential level is retained in the second data retaining section
DS2, the refresh output control section RS1 is in the active
state, in which the refresh output control section RS1 sup-
plies, to the first data retaining section DS1, the second elec-
tric potential level to be supplied from the voltage supply
VS1. In this case, the first data retaining section DS1 retains
the second electric potential level in a state in which the
binary logic level having been retained therein until then is
overwritten with the second electric potential level having
been supplied from the refresh output control section RS1. In
contrast, in a case where the second electric potential level is
retained in the second data retaining section DS2, the refresh
output control section RS1 is in the non-active state, in which
the refresh output control section RS1 stops carrying out the
output. In this case, the first data retaining section DS1 con-
tinues retaining the first electric potential level having been
retained therein until then. Thereafter, the refresh output con-
trol line RC1 controls the refresh output control section RS1
to be in a state in which the refresh output control section RS1
carries out the second operation, so that the refresh output
control section RS1 is in a state in which the refresh output
control section RS1 stops carrying out the output.

[0161] Subsequently, the data transfer control line DT1
causes the data transfer section TS1 to be in the state in which
the data transfer section TS1 carries out the transfer opera-
tion, and the binary logic level having been retained in the first
data retaining section DS1 until then is transferred from the
first data retaining section DS1 via the data transfer section
TS1 to the second data retaining section DS2 while being
retained in the first data retaining section DS1 (see (h) of FIG.
4). In a case where the binary logic level has been transferred
from the first data retaining section DS1 to the second data
retaining section DS2, the data transfer section TS1 turns off,
i.e., is in a state in which the data transfer section TS1 carries
out the non-transfer operation.

[0162] In (h) of FIG. 4, the above series of operations
allows the binary logic level having been written in the writ-
ing period T1 of (a) of FIG. 4 to be restored in each of the first
data retaining section DS1 and the second data retaining
section DS2. Accordingly, data having been written in the
writing period T1 is similarly restored even if the operations
from (b) to (h) of FIG. 4 are repeated any number of times
after the operation (h) of FIG. 4.

[0163] Note here that, in a case where the first electric
potential level (High here) has been written in the writing
period T1, the binary logic level is refreshed by being sub-
jected to a level reversal carried out one time in each of (d) of
FIG. 4 and (f) of FIG. 4, so that the binary logic level thus
refreshed is restored to the first electric potential level. In a
case where the second electric potential level (Low here) has
been written in the writing period T1, the binary logic level is
refreshed by being subjected to alevel reversal carried out one
time in each of (¢) of FIG. 4 and (g) of FIG. 4, so that the
binary logic level thus refreshed is restored to the second
electric potential level.
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[0164] Note that, in a case where the first electric potential
levelis Low and the second electric potential is High, itis only
necessary that the above operation logic be reversed.

[0165] In the refresh period T2, the first electric potential
level is supplied from the data input line IN1 to the first data
retaining section DS1 (see (¢) and (f) of FIG. 4), and the
refresh output control section RS1 supplies the second elec-
tric potential level from the voltage supply VS1 to the first
data retaining section DS1 (see (d) and (g) of FIG. 4). There-
fore, it is unnecessary to provide an inverter so as to carry out
a refresh operation, unlike a conventional art.

[0166] As described earlier, according to the memory
device 1, in a case where one and the other of the first electric
potential level and the second electric potential level are
supplied from the data input line IN1 and the voltage supply
VS1, respectively to each of the memory cells 8 by no use of
an inverter after binary logic data has been written to the first
data retaining section DS1, a binary logic level corresponding
to the binary logic data having been written to a memory cell
8 can be refreshed while being subjected to a level reversal.
Since a binary logic level which has been refreshed and is
retained in the first data retaining section DS1 and a binary
logic level which has been refreshed and is retained in the
second data retaining section DS2 are equal to each other, the
first data retaining section DS1 and the second data retaining
section DS2 do not change in electric potential even if the data
transfer section TS1 carries out the transfer operation. This
allows both the first data retaining section DS1 and the second
data retaining section DS2 to retain the binary logic levels
thus refreshed for a long time while the data transfer section
TS1 is in a state in which the data transfer section TS1 carries
out the transfer operation. In this case, since the first data
retaining section DS1 and the second data retaining section
DS2 are connected via the data transfer section TS1, occur-
rence of an off-leakage current in a transfer element of the
data transfer section TS1 is irrelevant to retention of the
binary logic levels. The binary logic levels, which are retained
in amass by a large electric capacitance represented by a sum
of the first data retaining section DS1 and the second data
retaining section DS2, are less likely to change in electric
potential even by an influence of a noise from outside.
[0167] Accordingly, even if the off-leakage current occurs
in the transfer element used in the data transfer section TS1,
an electric potential of a retaining node which retains the
binary logic level of the second data retaining section DS2 is
less likely to change since the electric potential is retained for
a long time together with an electric potential of a retaining
node of the first data retaining section DS1. According to a
conventional memory cell, the binary logic levels which have
been refreshed and are different from each other are retained
for a long time in a state in which the first data retaining
section DS1 and the second data retaining section DS2 are
electrically separated from each other by the transfer element
(transistor N101) of the data transfer section TS100 (see the
period t105 and the period t109 which are illustrated in FIG.
25). Therefore, the off-leakage current of the transfer element
has a great influence on the electric potential of the second
data retaining section DS102.

[0168] Further, even if the electric potential of the retaining
node of the second data retaining section DS2 changes, a time
for the change is not long enough for the control information
for the refresh control section RS1 carrying out the first opera-
tion to change between the active level and the non-active
level.
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[0169] In a case where it is assumed that an inverter exists
in the refresh control section RS1, there exist two comple-
mentary levels of a High level and a Low level as active levels
at each of which the inverter operates. Therefore, a range is
narrow in which the electric potential of the second data
retaining section DS2 can exist as a level at which the inverter
stably maintains an identical operation. For example, assume
that the electric potential of the second data retaining section
DS2 is at the Low level. While the inverter is being operated
so that a p-channel transistor turns on and an n-channel tran-
sistor turns off, it is feared that a slight increase in gate electric
potential of the p-channel transistor may cause the n-channel
transistor to turn on. However, in a case where the n-channel
transistor is designed to have a large threshold voltage so as to
avoid such a fear and the inverter is desired to operate so that
the p-channel transistor turns off and the n-channel transistor
turns on, a range becomes narrow in which the High level
functions as the active level.

[0170] In contrast, according to the present embodiment,
the active level of the refresh control section RS1 is one of the
first electric potential level and the second electric potential
level. Therefore, in a case where a broad range is secured in
which the control information for the refresh control section
RS1 exists as the non-active level, it is less feared that the
non-active level may change to the active level. In contrast, in
a case where the active level functions at an early stage of the
active state of the first operation of the refresh control section
RS1, an object of the active level to be supplied from the
voltage supply section VS1 to the first data retaining section
DS1 is easily attained. Therefore, even in a case where the
active level finally changes to the non-active level, the change
is less likely to cause an operation error in the refresh control
section RS1. Accordingly, even if the electric potential of the
retaining node of the second data retaining section DS2
changes, it is possible to carry out designing with such a large
margin as to prevent the operation error in the refresh control
section RS1. For example, assume that the control informa-
tion for the refresh control section RS1 is supplied to a gate of
a transistor. Such designing corresponds to designing such
that an increase in threshold voltage of the transistor causes a
gate-source voltage to be less likely to exceed the threshold
voltage of the transistor even if the electric potential of the
second data retaining section DS2 which electric potential
should be at the non-active level changes.

[0171] Further, in a case where the electric potential of the
retaining node of the second data retaining section DS2
changes but the refresh output control section RS1 carries out
the second operation, no operation error occurs.

[0172] Accordingly, it is possible to provide a memory
device such that, even if an off-leakage current occurs in a
transfer element used in a transfer section which transfers
binary logic data between two retaining sections, a circuit
which carries out a refresh operation in accordance with a
binary logic level retained in one of the two retaining sections
can suitably carry out its original operation with no increase
in consumption current and no operation error.

[0173] Next, the following description specifically dis-
cusses an arrangement and an operation of the memory cell 8.
[0174] FIG. 5illustrates an arrangement of the memory cell
8 in the form of a memory circuit MR1 which is an equivalent
circuit.

[0175] As described above, the memory circuit MR1
includes a switching circuit SW1, a first data retaining section
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DS1, a data transfer section TS1, a second data retaining
section DS2, and a refresh output control section RS1.
[0176] The switching circuit SW1 includes a transistor N1
which is an N-channel TFT. The first data retaining section
DS1 includes a capacitor (first capacitor) Cal. The data trans-
fer section TS1 includes a transistor N2 which is an N-chan-
nel TFT serving as a transfer element. The second data retain-
ing section DS2 includes a capacitor (second capacitor) Cb1.
The refresh output control section RS1 includes a transistor
N3 which is an N-channel TFT and a transistor N4 which is an
N-channel TFT. The capacitor Cal is larger than the capacitor
Cb1 in capacitance value.

[0177] That is, in FIG. 5, all the transistors constituting the
memory circuit are N-channel TFTs (field-effect transistors).
Accordingly, the memory circuit MR1 can be easily built into
amorphous silicon.

[0178] As wires for driving each memory circuit MR1, the
memory device 1 includes a reference electric potential wire
RL1 (fifth signal line) in addition to the first word line Xi(1)
(first signal line), the second word line Xi(2) (second signal
line), the third word line Xi(3) (third signal line), and the bit
line Yj (fourth signal line).

[0179] One and the other of drain/source terminals of a
field-effect transistor such as a TFT mentioned above are
hereinafter referred to as a first drain/source terminal (first
conduction terminal) and a second drain/ source terminal
(second conduction terminal), respectively. The same applies
to the other Examples.

[0180] The transistor N1 has a gate terminal (control ter-
minal) which is connected to the first word line Xi(1), a first
drain/source terminal which is connected to the bit line Yj,
and a second drain/source terminal which is connected to a
node (retention node) PIX (first connection point) which is
one end of the capacitor Cal. The other end of the capacitor
Cal is connected to the reference electric potential wire RL1.
In a state in which the transistor N1 is on, the switching circuit
SW1 is in a conductive state. Meanwhile, in a case where the
transistor N1 is off, the switching circuit SW1 is in a non-
conductive state.

[0181] The transistor N2 has a gate terminal which is con-
nected to the second word line Xi(2), a first drain/source
terminal which is connected to the node PIX (first connection
point), and a second drain/source terminal which is connected
to a node (retention node) MRY (second connection point)
which is one end of the capacitor Cb1. The other end of the
capacitor Cb1 is connected to the reference electric potential
wire RL1. In a state in which the transistor N2 is on, the data
transfer section TS1 is in a state in which the data transfer
section TS1 carries out the transfer operation. Meanwhile, in
a state in which the transistor N2 is off, the data transfer
section T'S1is in a state in which the data transfer section TS1
carries out the non-transfer operation.

[0182] The transistor N3 has a gate terminal which is con-
nected, as a control terminal CNT1 of the refresh output
control section RS1, to the node MRY, a first drain/source
terminal which is connected, as an input terminal IN1 of the
refresh output control section RS1, to the second word line
Xi(2), and a second drain/source terminal which is connected
to a first drain/source terminal of the transistor

[0183] N4. The transistor N4 has a gate terminal which is
connected to the third word line Xi(3), and a second drain/
source terminal which is connected, as an output terminal
OUT1 of the refresh output control section RS1, to the node
PIX. That is, the transistor N3 and the transistor N4 are
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serially connected to each other between an input of the
refresh output control section RS1 and an output of the refresh
output control section RS1 so that the transistor N3 is located
on the input side of the refresh output control section RS1.
Note that the position of the transistor N3 and the position of
the transistor N4 in the above example may be exchanged
with each other. Namely, it is only necessary that the transis-
tor N3 and the transistor N4 be serially connected to each
other between the input of the refresh output control section
RS1 and the output of the refresh output control section RS1.
[0184] Inastate in which the transistor N4 is on, the refresh
output control section RS1 is controlled to be a state in which
the refresh output control section RS1 carries out the first
operation. Meanwhile, in a state in which the transistor N4 is
off, the refresh output control section RS1 is controlled to be
a state in which the refresh output control section RS1 carries
out the second operation. Since the transistor N3 is an
N-channel TFT, control information which causes the refresh
output control section RS1 to be in an active state during the
first operation, i.e., an active level is High, and control infor-
mation which causes the refresh output control section RS1 to
be in a non-active state during the first operation, i.e., a
non-active level is Low. The following describes operation of
the memory circuit MR1 arranged as above.

[0185] First, writing operation of the memory circuit MR1
is described.

[0186] The writing operation is carried out as follows. Spe-
cifically, the input-output interface 3 receives a writing com-
mand and a writing address from an outside of the memory
device 1 via a transmission line, and the command decoder 4
interprets the command and shifts into a writing mode. In
accordance with a signal indicative of the writing mode of the
command decoder 4, the timing generating circuit 5 generates
an internal timing signal for the writing operation. The word
line control circuit 6 controls a first word line Xi(1), a second
word line Xi(2), and a third word line Xi(3) that are selected
by the writing address supplied from the input-output inter-
face 3. The writing/reading circuit 7 controls all the bit lines
Yj. In the following description, the first word line Xi(1), the
second word line Xi(2), and the third word line Xi(3) that are
selected by the writing address are referred to as a first word
line Xiw(1), a second word line Xiw(2), and a third word line
Xiw(3), respectively.

[0187] FIG. 6 and FIG. 7 illustrate the data writing opera-
tion of the memory circuit MR1. In the present Example, in a
case where any data is written into memory circuits MR1 of
respective different rows, the rows of the memory array 2
which correspond to the writing address are line-sequentially
driven. Accordingly, a writing period T1 is determined for
each row, and a writing period T1 of an i-th row is referred to
as T1i. FIG. 6 illustrates a case where High as the first electric
potential level is written in the writing period T1i, and FIG. 7
illustrates a case where Low as the second electric potential
level is written in the writing period T1i. In addition, lower
portions of FIG. 6 and FIG. 7 illustrate an electric potential of
the node PIX (left side) and an electric potential of the node
MRY (right side) in periods corresponding to (a) through (h)
of FIG. 4.

[0188] InFIG. 6, anelectric potential of binary levels which
are High (active level) and Low (non-active level) is applied
from the word line control circuit 6 to the first word line
Xiw(1), the second word line Xiw(2), and the third word line
Xiw(3). The electric potential of the binary levels, i.e., the
High electric potential and the Low electric potential may be
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set individually for each of the lines. To the bit line Y], binary
logic levels which are High lower than the High electric
potential of the first word line Xiw(1) and Low are supplied
from the writing/reading circuit 7. The High electric potential
of the second word line Xiw(2) is equal to the High electric
potential of the bit line Yj or the High electric potential of the
first word line Xi(1), and the Low electric potential of the
second word line Xiw(2) is equal to the Low electric potential
ofthe binary logic levels. The reference electric potential wire
RL1 supplies a constant electric potential.

[0189] For the data writing operation, the writing period
T1i and the refresh period T2 are provided. The writing period
T1i starts at a time twi which is determined for each row. The
refresh period T2 starts at a time tr simultaneously for all the
rows including rows which do not correspond to the writing
address, after the writing of data into the memory circuits
MR1 of the rows corresponding to the writing address is
finished. The writing period T1i is a period in which a binary
logic level corresponding to data to be retained in the memory
circuit MR1 is written and which is made up of successive
periods t1/ and t2i. The refresh period T2 is a period in which
the binary logic level written into the memory circuit MR1 is
retained while being refreshed and which has successive peri-
ods t3 through t14.

[0190] Inthe periodtliof the writing period T1i, both of the
electric potential of the first word line Xiw(1) and the electric
potential of the second word line Xiw(2) are High. The elec-
tric potential of the third word line Xiw(3)is Low. This causes
the transistors N1 and N2 to turn on, which causes the switch-
ing circuit SW1 to be in a conductive state and causes the data
transfer section TS1 to be in a state in which the data transfer
section TS1 carries out the transfer operation. Thus, the first
electric potential level (here High) supplied to the bit line Yj
is written into the node PIX. In the period t2i, the electric
potential of the first word line Xiw(1) becomes Low, whereas
the electric potential of the second word line Xiw(2) main-
tains High. The electric potential of the third word line Xiw(3)
is Low. This causes the transistor N1 to turn off, which causes
the switching circuit SW1 to be in a non-conductive state.
Since the transistor N2 maintains the ON state, the data trans-
fer section TS1 maintains the state in which the data transfer
section TS1 carries out the transfer operation. Accordingly,
the first electric potential level is transferred from the node
PIX to the node MRY, and the nodes PIX and MRY are
disconnected from the bit line Yj. The above process corre-
sponds to the state in (a) of FIG. 4.

[0191] Next, the refresh period T2 starts. In the refresh
period T2, the electric potential of the bit line Yj is High which
is the first electric potential level. As for the first word line
Xi(1), the second word line Xi(2), and the third word line
Xi(3), driving described below is carried out for all the values
of i (1=i=n). That is, the refresh operation is carried out
simultaneously for all the memory cells 8 (this may be here-
inafter referred to as “entire refresh operation”).

[0192] Inthe period t3 of the refresh period T2, the electric
potential of the first word line Xi(1) is Low, the electric
potential of the second word line Xi(2) is Low, and the electric
potential of the third word line Xi(3) is Low. This causes the
transistor N2 to turn off, which causes the data transfer sec-
tion TS1 to be in a state in which the data transfer section TS1
carries out the non-transfer operation. Thus, the node PIX and
the node MRY are disconnected from each other. Both of the
node PIX and the node MRY maintain High. The above
process corresponds to the state in (b) of FIG. 4.
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[0193] In the period t4, the electric potential of the first
word line Xi(1) becomes High, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N1 to turn on, which causes the switching
circuit SW1 to be in a conductive state. Thus, the High electric
potential is written into the node PIX from the bit line Yj
again.

[0194] In the period t5, the electric potential of the first
word line Xi(1) becomes Low, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N1 to turn off, which causes the switching
circuit SW1 to be in a non-conductive state. Thus, the node
PIX is disconnected from the bit line Y}, and maintains High.
[0195] The process in the period t4 through the period t5
corresponds to the state in (c) of FIG. 4.

[0196] In the period t6, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) becomes High. This causes the
transistor N4 to turn on, which causes the refresh output
control section RS1 to carry out the first operation. Since the
electric potential of the node MRY is High, the transistor N3
is in an ON state. Accordingly, the refresh output control
section RS1 is in an active state, and a Low electric potential
is supplied from the second word line Xi(2) via the transistors
N3 and N4 to the node PIX. The second word line Xi(2) also
functions as the voltage supply VS1 in FIG. 3.

[0197] In the period t7, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) becomes Low. This causes the
transistor N4 to turn off, which causes the refresh output
control section RS1 to carry out the second operation. The
node PIX is disconnected from the second word line Xi(2),
and maintains Low.

[0198] The process in the period t6 through the period t7
corresponds to the state in (d) of FIG. 4.

[0199] In the period t8, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) becomes High, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N2 to turn on, which causes the data transfer
section TS1 to be in a state in which the data transfer section
TS1 carries out the transfer operation. Here, movement of an
electric charge occurs between the capacitor Cal and the
capacitor Cbl. This causes both of the electric potential of the
node PIX and the electric potential of the node MRY to be
Low. The electric potential of the node PIX rises by a slight
voltage AVx due to movement of a positive electric charge
from the capacitor Cb1 to the capacitor Cal via the transistor
N2, but falls within a range of a Low electric potential.
[0200] The period 8 is a period in which refreshed binary
logic data is retained in both of the first data retaining section
DS1 and the second data retaining section DS2 which are
connected to each other via the data transfer section TS1, and
the period t8 can be set long. The same is true for the
Examples and Embodiments below.

[0201] In the period t9, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) becomes Low, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N2 to turn off, which causes the data transfer
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section TS1 to be in a state in which the data transfer section
TS1 carries out the non-transfer operation. The node PIX and
the node MRY are disconnected from each other. Both of the
node PIX and the node MRY maintain Low. The process in
the period t8 through the period t9 corresponds to the state in
(e) of FIG. 4.

[0202] In the period t10, the electric potential of the first
word line Xi(1) becomes High, the electric potential of the
second word line Xi(2) maintains [ow, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N1 to turn on, which causes the switching
circuit SW1 to be in a conductive state. Thus, the High electric
potential is written to the node PIX from the bit line Yj again.

[0203] In the period t11, the electric potential of the first
word line Xi(1) becomes Low, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N1 to turn off, which causes the switching
circuit SW1 to be in a non-conductive state. Thus, the node
PIX is disconnected from the bit line Yj, and maintains High.

[0204] The process in the period t10 through the period t11
corresponds to the state in (f) of FIG. 4.

[0205] In the period t12, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) becomes High. This causes the
transistor N4 to turn on, which causes the refresh output
control section RS1 to be in a state in which the refresh output
control section RS1 carries out the first operation. Since the
electric potential of the node MRY is Low, the transistor N3 is
in an OFF state. This causes the refresh output control section
RS1 to be in a non-active state, in which the refresh output
control section RS1 stops carrying out the output. Accord-
ingly, the node PIX maintains High.

[0206] In the period t13, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) maintains Low, and the electric poten-
tial of the third word line Xi(3) becomes Low. This causes the
transistor N4 to turn off, which causes the refresh output
control section RS1 to be in a state in which the refresh output
control section RS1 carries out the second operation. The
node PIX maintains High.

[0207] The process in the period t12 through the period t13
corresponds to the state in (g) of FIG. 4.

[0208] In the period t14, the electric potential of the first
word line Xi(1) maintains Low, the electric potential of the
second word line Xi(2) becomes High, and the electric poten-
tial of the third word line Xi(3) maintains Low. This causes
the transistor N2 to turn on, which causes the data transfer
section TS1 to be in a state in which the data transfer section
TS1 carries out the transfer operation. Here, movement of an
electric charge occurs between the capacitor Cal and the
capacitor Cb1. This causes both of the electric potential of the
node PIX and the electric potential of the node MRY to be
High. The electric potential of the node PIX declines by a
slight voltage AVy due to movement of a positive electric
charge from the capacitor Cal to the capacitor Cbl via the
transistor N2, but falls within a range of a High electric
potential. The above process corresponds to the state in (h) of
FIG. 4.

[0209] The period t14 is a period in which refreshed binary
logic data is retained in both of the first data retaining section
DS1 and the second data retaining section DS2 which are
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connected to each other via the data transfer section TS1, and
the period t14 can be set long. The same is true for the
Examples below.

[0210] As aresultofthe above operation, the electric poten-
tial of the node PIX is High in the period t1i through the period
t5 and the period t10 through the period t14 and is Low in the
period t6 through the period 9, and the electric potential of
the node MRY is High in the period t1i through the period t7
and the period t14 and is Low in the period t8 through the
period t13.

[0211] Thereafter, in a case where the refresh period T2 is
continued, the command decoder 4 repeats the operation in
the period t3 through the period t14. In a case where new data
is written or the data is read out, the command decoder 4
finishes the refresh period T2 so as to terminate the entire
refresh operation mode.

[0212] The above description has discussed the case of
FIG. 6.

[0213] Note that it is also possible that the command for the
entire refresh operation is generated not from an externally
supplied signal but from a clock which is internally generated
by an oscillator or the like. This makes it unnecessary for an
external system to supply a refresh command at regular time
intervals, thereby producing an advantage of allowing flex-
ible system construction. In a dynamic memory circuit using
the memory cell 8 according to the present Example, it is
unnecessary to carry out the entire refresh operation by per-
forming scan for each word line, and the entire refresh opera-
tion can be carried out simultaneously for an entire array. This
eliminates the need for a peripheral circuit which is necessary,
in a general conventional dynamic memory circuit, for
refreshing an electric potential of a bit line Yj while perform-
ing destructive read.

[0214] Next, the following discusses the case of FIG. 7.
[0215] InFIG.7, Low as the second electric potential level
is written into the memory cell 8 in the writing period T1i.
However, in FIG. 7, the electric potentials of the first word
line Xi(1), the second word line Xi(2), and the third word line
Xi(3) are changed in the periods in a similar manner to FIG.
6 except for that the electric potential of the bit line Yj is Low
in the writing period T1i.

[0216] Accordingly, the electric potential of the node PIX is
Low in the period t1i through the period t3 and the period t12
through the period t14 and is High in the period t4 through the
period t11, and the electric potential of the node MRY is Low
in the period t1i through the period t7 and the period t14 and
is High in the period t8 through the period t13.

[0217] Although (a) through (h) of FIG. 4 illustrate transi-
tion of the state of the memory cell 8, the operation of the
memory circuit MR1 in FIG. 6 and FIG. 7 can be classified
into the following operation steps.

[0218] (1) First Step (the Period t1i Through the Period t2i
(the Writing Period T1i))

[0219] In the first step, a state is achieved in which (i) a
binary logic level corresponding to data is being supplied
from the writing/reading circuit 7 to the bit line Yj and (ii) the
refresh output control section RS1 is carrying out the second
operation. In the state, the switching circuit SW1 is made
conductive, which allows the binary logic level to be written
into the memory cell 8. Then, in a state in which (i) the binary
logic level is being written into the memory cell 8 and (ii) the
refresh output control section RS1 is carrying out the second
operation, the data transfer section TS1 carries out the trans-
fer operation.
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(2) Second Step (Each of the Period t3 Through the Period t4
and the Period t9 Through the Period t10)

[0220] Inthe second step following the first step, a state is
achieved in which (i) the refresh output control section RS1 is
carrying out the second operation and (ii) the data transfer
section TS1 is carrying out the non-transfer operation. In the
state, the switching circuit SW1 is made conductive. This
causes a binary logic level same as a level equivalent to
control information which causes the refresh output control
section RS1 to be in an active state to be supplied to the first
data retaining section DS1 via the bit line Yj.

[0221] (3) Third Step (Each of the Period t5 Through the
Period t6 and the Period t11 Through the Period t12)

[0222] Inthe third step following the second step, a state is
achieved in which (i) the switching circuit SW1 is being made
non-conductive and (ii) the data transfer section TS1 is car-
rying out the non-transfer operation. In the state, the refresh
output control section RS1 carries out the first operation. At
the end of the first operation, a state is achieved in which a
binary logic level reverse to a level equivalent to control
information which causes the refresh output control section
RS1tobeinan active state is supplied from the voltage supply
VS1 to the input of the refresh output control section RS1.
[0223] (4) Fourth Step (Each of the Period t7 Through the
Period t8 and the Period t13 Through the Period t14)

[0224] In the fourth step following the third step, a state is
achieved in which (i) the switching circuit SW1 is being made
non-conductive and (ii) the refresh output control section RS1
is carrying out the second operation. In the state, the data
transfer section TS1 carries out the transfer operation.
[0225] As for the whole writing operation, the first step is
executed first and, subsequently to the first step, the series of
the operations from the start of the second step to the end of
the fourth step (the period t3 through the period t8) is executed
at least once.

[0226] Next, the reading operation of the memory circuit
MR1 is described.

[0227] The reading operation is carried out as follows. Spe-
cifically, the input-output interface 3 receives a reading com-
mand and a reading address from an outside of the memory
device 1 via a transmission line, and the command decoder 4
interprets the command and shifts into a reading mode. In
accordance with a signal indicative ofthe reading mode ofthe
command decoder 4, the timing generating circuit 5 generates
an internal timing signal for the reading operation. The word
line control circuit 6 controls a first word line Xi(1), a second
word line Xi(2), and a third word line Xi(3) that are selected
by the reading address supplied from the input-output inter-
face 3. The writing/reading circuit 7 controls all the bit lines
Yj. In the following description, the first word line Xi(1), the
second word line Xi(2), and the third word line Xi(3) that are
selected by the reading address are referred to as a first word
line Xir(1), a second word line Xir(2), and a third word line
Xir(3), respectively.

[0228] Theoperation ofthe memory cell 8 is described with
reference to FIG. 8.

[0229] FIG. 8 illustrates electric potential waveforms of the
first word line Xir(1), the second word line Xir(2), the third
word line Xir(3), each bit line Yj, the node PIX, and the node
MRY, and a waveform of a polarity signal POL.

[0230] The polarity signal POL is an internal signal indica-
tive of a polarity of data retained in the node PIX. In the
memory cell 8 of the present embodiment, the electric poten-
tial of the node PIX is level-reversed from High to Low or
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Low to High every time the refresh operation is carried out.
Accordingly, a polarity of current data of the memory cell 8 is
retained with the use of the polarity signal POL. That is, a
polarity of the polarity signal POL is reversed every refresh
operation. Thus, even in a case where a data polarity is
reversed every refresh, it is possible to correctly read whether
data written at a certain timing is “0” or “1”. The polarity
signal POL may be controlled by the writing/reading circuit 7
or may be controlled by the timing generating circuit 5.
[0231] FIG.9 shows one example of how the polarity signal
POL, data, and the electric potential of the bit line Yj are
related with each other. The polarity signal POL is switched
between “0” and “1” every time the data is retained in the
memory cell 8 and refreshed. For example, it is assumed that
data written into the memory cell 8 in a case where the
polarity signal POL is 0 is “0” and a binary logic level sup-
plied corresponding to the data is “L”. In this case, a binary
logic level of “L” is retained in the memory cell 8 in a case
where the polarity signal POL is “0”, whereas a binary logic
level of “H” is retained in the memory cell 8 in a case where
the polarity signal POL is “1”".

[0232] In the reading mode, a first set period 21, a pre-
charge period t22, a sense period t23, a second set period 124,
and a refresh period T20 are provided in this order. The
refresh period T20 may be executed simultaneously for all the
rows corresponding to the reading address after successive
operations in the first set period t21, the pre-charge period t22,
the sense period t23, and the second set period t24 are carried
out sequentially for each of the rows corresponding to the
reading address. Alternatively, successive operations in the
first set period t21, the pre-charge period t22, the sense period
123, the second set period t24, and the refresh period T20 may
be carried out sequentially for each of the rows corresponding
to the reading address.

[0233] When thereading mode starts, the first set period t21
starts first in which the polarity of the polarity signal POL is
reversed, and then the electric potential of the second word
line Xir(2) is made Low.

[0234] Next, the pre-charge period t22 starts in which the
electric potential of the first word line Xir(1) is made High,
and electric potentials of all the bit lines Yj are made High
(binary logic level same as a level equivalent to control infor-
mation which causes the refresh control section RS1 to be in
an active state during the first operation). Further, the writing/
reading circuit 7 causes all the bit lines Yj to be in a high
impedance state.

[0235] Next, the sense period t23 starts in which the electric
potential of the third word line Xir(3) is made High. This
causes the transistor N4 to turn on, which causes the refresh
output control section RS1 to be in a state in which the refresh
output control section RS1 carries out the first operation.
Here, in a case where an electric potential retained in the node
MRY is High, the refresh output control section RS1 is in an
active state, and the transistor N3 is turned on. This causes a
positive electric charge of the bit line Y] to be discharged into
the second word line Xir(2), thereby making the bit line Yj
Low (see the broken line in FIG. 8). Meanwhile, in a case
where the electric potential retained in the node MRY is Low,
the refresh output control section RS1 is in a non-active state,
and the transistor N3 is turned off. Accordingly, the bit line Y]
maintains the High electric potential (see the solid line in FIG.
8).

[0236] Accordingly, data of a selected address can be read
by causing the writing/reading circuit 7 to sense an electric
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potential of each bit line Yj and by determining output data in
accordance with the polarity signal POL as shown in FIG. 9.
The data thus read is supplied to an outside by the input-
output interface 3. At the end of the sense period 23, the
electric potential of the third word line Xir(3) is made Low,
and the transistor N4 is turned off, thereby causing the refresh
output control section RS1 to be in a state in which the refresh
output control section RS1 carries out the second operation.

[0237] Next, the second set period 124 starts. In the second
set period t24, first, the electric potential of the first word line
Xir(1) is made Low. This causes the transistor N1 to turn off,
i.e., causes the switching circuit SW1 to be in a non-conduc-
tive state. Subsequently, in this state, the electric potential of
the second word line Xir(2) is made High, so that the transis-
tor N2 is turned on. This causes the data transfer section TS1
to be in a state in which the data transfer section TS1 carries
out the transfer operation, and causes the node PIX and the
node MRY to be connected to each other. Thus, a binary logic
level is transferred from the node PIX to the node MRY.
Accordingly, a data polarity of the node MRY becomes iden-
tical to a data polarity of the node PIX. As a result, a state in
achieved in which the data polarities retained in the nodes
PIX and MRY before the reading are reversed. Subsequently,
the electric potential of each bit line Yj is made Low by the
writing/reading circuit 7. Before the end of the second set
period t24, the polarity of the polarity signal POL is reversed.

[0238] Next, the refresh period T20 starts. In the refresh
period T20, only a word line corresponding to a selected
address is controlled so that refresh operation of only 1
address is carried out. Thus, the polarities of the nodes PIX
and MRY which have been reversed by the reading operation
are returned to the original polarities. In the refresh period
T20, similar operation to the refresh operation in the writing
mode described with reference to FIG. 6 and FIG. 7 is carried
out.

[0239] First, the period t25 starts in which the electric
potential of the second word line Xir(2) becomes Low. This
causes the transistor N2 to turn off, which causes the data
transfer section TS1 to be in a state in which the data transfer
section TS1 carries out the non-transfer operation. Next, the
electric potential of the first word line Xir(1) becomes High,
and an electric potential of each bit line Yj is made High by the
writing/reading circuit 7. This change in electric potential of
the bit line Yj may be made from the start of the refresh period
125, as in FIG. 6 and FIG. 7. This causes the transistor N1 to
turn on, i.e., causes the switching circuit SW1 to be in a
conductive state. Thus, the electric potential of the node PIX
becomes High.

[0240] Next, the period t26 starts in which the electric
potential of the third word line Xir(3) becomes High. This
causes the transistor N4 to turn on, i.e., causes the refresh
output control section RS1 to be in a state in which the refresh
output control section RS1 carries out the first operation.
Here, in a case where the electric potential of the node MRY
is High, the transistor N3 is in an ON state. This causes the
refresh output control section RS1 to be in an active state.
Accordingly, the node PIX is charged to Low which is the
electric potential of the second word line Xir(2).

[0241] Meanwhile, in a case where the electric potential of
the node MRY is Low, the transistor N3 is in an OFF state.
This causes the refresh output control section RS1 to be in a
non-active state. Accordingly, the node PIX maintains the
High electric potential.
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[0242] Next, the period t27 starts in which the electric
potential of the third word line Xir(3) becomes Low. This
causes the transistor N4 to turn off, i.e., causes the refresh
output control section RS1 to be in a state in which the refresh
output control section RS1 carries out the second operation.
Subsequently, the electric potential of the second word line
Xir(2) becomes High. This causes the transistor N2 to turn on,
i.e., causes the data transfer section TS1 to be in a state in
which the data transfer section TS1 carries out the transfer
operation. Thus, data of the node PIX is transferred to the
node MRY, thereby causing the nodes PIX and MRY to be
refreshed to identical polarities to the electric potentials
obtained immediately before the reading. An electric poten-
tial of each bit line Yj is returned to Low. Before the end of the
period 127, the polarity of the polarity signal POL is reversed.
[0243] This period in which the electric potential of the
second word line Xir(2) is High out of the period t27 is a
period in which refreshed binary logic data is retained in both
of the first data retaining section DS1 and the second data
retaining section DS2 that are connected to each other via the
data transfer section TS1, and this period can be set long as in
the case of the writing operation. This stabilizes the electric
potentials of the nodes PIX and MRY. Consequently, an
operation error is less likely to occur in the memory cell 8.
[0244] The refresh operation of the memory cell 8 corre-
sponding to the reading address may end after the operationin
the period T20 is executed once or subsequently the same
operation as that executed in the period T20 may be repeated.
In a case where the same refresh operation is repeated, the
electric potential polarities of the nodes PIX and MRY are
reversed once every time the refresh operation is carried out
once.

[0245] In the reading mode, data is read in a state in which
the capacitor of the bit line Yj is sufficiently charged. Accord-
ingly, in restoring data after the reading, it is unnecessary to
provide a peripheral circuit which is necessary, in a general
conventional dynamic memory circuit, for refreshing an elec-
tric potential of a bit line while performing destructive read.
[0246] The operation of the memory circuit MR1 in FIG. 8
can be classified into the following operation steps.

[0247] (1) Fifth Step (The Period 121 Through the Period
122)
[0248] In the fifth step, a state in achieved in which (i) a

binary logic level that is same as a level equivalent to the
control information which causes the refresh output control
section RS1 to be in an active state is being supplied from the
writing/reading circuit 7 to the bit line Yj, (ii) the data transfer
section TS1 is carrying out the non-transfer operation, and
(iii) the refresh output control section RS1 is carrying out the
second operation. In the state, the switching circuit SW1 is
made conductive. Thus, the binary logic level is written into
the memory cell 8.

[0249] (2) Sixth Step (The Period t23)

[0250] In the sixth step following the fifth step, a state is
achieved in which (i) the switching circuit SW1 is being made
conductive and (ii) the data transfer section TS1 is carrying
out the non-transfer operation. In the state, the refresh output
control section RS1 carries out the first operation.

[0251] (3) Seventh Step (The Period t23)

[0252] Inthe seventh step following the sixth step, a state is
achieved in which (i) the switching circuit SW1 is being made
conductive and (ii) the data transfer section TS1 is carrying
out the non-transfer operation. In the state, the writing/read-
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ing circuit 7 senses the electric potential of the bit line Yj.
Thus, data retained in the memory cell 8 is determined.
[0253] (4) Eighth Step (The Period t24)

[0254] Inthe eighth step following the seventh step, a state
is achieved in which (i) the switching circuit SW1 is being
made non-conductive and (ii) the refresh output control sec-
tion RS1 is carrying out the second operation. In the state, the
data transfer section TS1 carries out the transfer operation.
[0255] (5) Ninth Step (The Period 125)

[0256] In the ninth step following the eighth step, a state is
achieved in which (i) the data transfer section TS1 is carrying
out the non-transfer operation, (ii) a binary logic level that is
same as a level equivalent to the control information which
causes the refresh output control section RS1 to be in an active
state is being supplied from the writing/reading circuit 7 to the
bit line Yj, and (iii) the refresh output control section RS1 is
carrying out the second operation. In the state, the switching
circuit SW1 is made conductive.

[0257] (6) Tenth Step (The Period t26)

[0258] In the tenth step following the ninth step, a state is
achieved in which (i) the switching circuit SW1 is being made
non-conductive and (ii) the data transfer section TS1 is car-
rying out the non-transfer operation. In the state, the refresh
output control section RS1 carries out the first operation.
[0259] (7) Eleventh Step (The Period 127)

[0260] Inthe eleventh step following the tenth step, a state
is achieved in which (i) the switching circuit SW1 is being
made non-conductive and (ii) the refresh output control sec-
tion RS1 is carrying out the second operation. In the state, the
data transfer section TS1 carries out the transfer operation.
[0261] As for the whole reading operation, the fifth step
through the eighth step are executed first and, subsequently to
the eighth step, the series of the operations from the start of
the ninth step to the end of the eleventh step (the period 25
through the period 127 (the refresh period T20)) is executed at
least once.

[0262] Inthe arrangement of the memory circuit MR1, it is
ideal that the electric potentials of the node PIX and the node
MRY are stably switched between High and Low as shown in
FIG. 6 etc., but actually an operation error may occur due to
an electric potential change caused by noise and leakage
current. FIG. 10 illustrates operation waveforms obtained in a
case where an operation error occurs due to an electric poten-
tial change of the node PIX and the node MRY in FIG. 5. Note
that the dotted lines of the node PIX and the node MRY in
FIG. 10 indicate ideal waveforms of FIG. 6.

[0263] In the period (18) in which the electric potential of
the second word line Xi(2) is High, the transistor N2 is on.
This causes the node PIX and the node MRY to be connected
to each other. Thus, movement of an electric charge occurs
between the capacitor Cal and the capacitor Cb1. Accord-
ingly, the electric potential of the node MRY becomes Low
(see FIG. 10). Subsequently, in a case where the electric
potential of the second word line Xi(2) becomes Low (the
period 19), the transistor N2 is turned off. This causes the node
PIX and the node MRY to be disconnected from each other,
which causes the node MRY to be in a floating state. Since an
electric potential change is likely to occur in a floating state,
the electric potential of the node MRY rises in a case where
leakage and/or noise from the reference electric potential
wire RL1 occurs.

[0264] Subsequently, when the electric potential of the first
word line Xi(1) becomes High (the period t10), the transistor
N1 is turned on. This causes the switch circuit SW1tobeina
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conductive state. Accordingly, the High electric potential is
written to the node PIX from the bit line Yj again.

[0265] Next, when the electric potential of the third word
line Xi(3) becomes High (the period t12), the transistor N4 is
turned on. At this point, the node MRY is still in a floating
state, and therefore keeps the increased electric potential.
Accordingly, the transistor N3, which should be off, turns on.
This causes the node PIX to be connected to the second word
line Xi(2) via the transistors N4 and N3, thereby causing the
electric potential of the node PIX to decline from High to
Low.

[0266] Subsequently, when the electric potential of the sec-
ond word line Xi(2) becomes High (the period t14), the tran-
sistor N2 is turned on. This causes the node PIX and the node
MRY to be connected to each other via the transistor N2.
Accordingly, movement of an electric charge occurs between
the capacitor Cal and the capacitor Cb1. Here, because of the
decline of the electric potential of the node PIX from High in
the period t12, a High electric potential (see the dotted lines in
FIG. 10), which should be transferred to the node MRY, is not
transferred to the node MRY. Accordingly, both of the node
PIX and the node MRY have an electric potential which
cannot be discriminated between High and Low. Conse-
quently, an operation error occurs in the memory circuit MR1.
Applying a memory device including such a memory circuit
MR1 to a liquid crystal display device causes a deterioration
in display quality.

[0267] Such an operation error can occur also in a conven-
tional memory circuit MR100. FIG. 11 illustrates operation
waveforms obtained in a case where an operation error occurs
due to an electric potential change of the node MRY in FIG.
25. As illustrated in FIG. 11, in a case where, in the period
1105, leakage and/or noise from the capacitor wire CL100
occur in a state in which the node MRY maintains a High
electric potential due to the capacitor Cb100, the electric
potential of the node MRY declines. This causes the transistor
N102 to shift from an ON state to an OFF state, and causes the
transistor P100 to shift from an OFF state to an ON state (see
FIG. 24). In accordance with this, the electric potential of the
node PIX connected to the output terminal OP rises from
Low. Here, both of the node MRY and the node PIX have a
midpoint electric potential between a High electric potential
and a Low electric potential, i.e., have an electric potential
which cannot be discriminated between High and Low.
Accordingly, an operation error occurs in the memory circuit
MR100. Moreover, once the electric potential is maintained
at the midpoint electric potential, a normal operation cannot
be regained unless the transistor N100 is turned on again so
that an electric potential is written from the data input line
IN100 to the capacitor Ca100

[0268] In order to avoid the operation error as shown in
FIG. 10 and FIG. 11, the present memory circuit MR1 has, in
addition to the above arrangement, an arrangement in which
the electric potential of the node MRY which is in a floating
state is stabilized at Low so that a rise of the electric potential
ofthe node MRY is prevented, and thereby an electric poten-
tial change of the node PIX is prevented. This is described
below with reference to Examples.

EXAMPLE 1

[0269] The present memory circuit MR1 includes a capaci-
tor Cap1 between a gate electrode (control terminal) of the
transistor N3 and a source electrode (first conduction termi-
nal) of the transistor N3 which source electrode is connected
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to the second word line Xi(2). FIG. 12 is a circuit diagram of
the memory circuit MR1 which includes the capacitor Capl,
and FIG. 13 is a timing chart illustrating operation of the
memory circuit MR1. As illustrated in FIG. 13, when the
electric potential of the second word line Xi(2) is changed
from High to Low, an electric potential change occurs due to
a feed-through voltage generated due to the capacitor Capl.
This reduces the electric potential of the node MRY (the
arrow in FIG. 13). Since the degree of the reduction of the
electric potential varies depending on a size of the capacitor
Capl, the capacitor Capl is set so that the electric potential of
the node MRY does not reach an electric potential which
causes the transistor N3 to turn on in a period (the period t12)
in which the electric potential of the third word line Xi(3) is
High.

[0270] In a case where the electric potential of the node
MRY is reduced due to the capacitor Capl thus set, the
electric potential of the node MRY is not increased to such an
extent as to turn the transistor N3 on, in the period t12 in
which the electric potential of the third word line Xi(3)
becomes High and the transistor N4 turns on. Accordingly,
the transistor N3 maintains an OFF state. Since the node PIX
is not conductive with the second word line Xi(2) via the
transistor N3, the node PIX can maintain a High electric
potential. Accordingly, in the period t14 in which the electric
potential of the second word line Xi(2) becomes High and the
transistor N2 turns on, proper movement of an electric charge
occurs between the capacitor Cal and the capacitor Cbl.
Consequently, both of the electric potential of the node PIX
and the electric potential of the node MRY become High. Itis
therefore possible to prevent an operation error in the memory
circuit MR1.

[0271] The following describes a liquid crystal display
device including the memory device 1.

[0272] FIG. 14 illustrates an arrangement of a liquid crystal
display device 9 of the present embodiment. The liquid crys-
tal display device 9 is switched between (i) a multi-color
display mode, which is for example used for screen display
during an operation mode of a mobile phone, and (ii) a
memory circuit operation mode, which is for example used
for screen display during a standby mode of the mobile
phone.

[0273] The liquid crystal display device 9 includes a pixel
array 31, a gate driver/CS driver 32, a control signal buffer
circuit 33, a driving signal generating circuit/video signal
generating circuit 34, a demultiplexer 35, a gate line (scan-
ning signal line) GL(i), a CS line (auxiliary capacitor wire)
CSL(i), a data transfer control line DT1(i), a refresh output
control line RC1(i), a source line (data signal line) SL(j), and
an output signal line vd(k). Note that i is an integer (1=i1=n),
jis an integer (1=j=m), and k is an integer (1=k=1<m).
[0274] The pixel array 31 is arranged such that pixels 40
each including a pixel circuit MR9 are provided in a matrix
with n rows and m columns. In the pixel array 31, an image is
displayed. Each of the pixels 40 includes the memory cell 8
(see FIG. 2). Accordingly, the pixel array 31 includes the
memory array 2.

[0275] The gate driver/CS driver 32 is a driving circuit
which drives pixels 40 corresponding to the n rows via the
gate line GL(i) and the auxiliary capacitor wire CSL(i). The
gate line GL(i) and the auxiliary capacitor wire CSL(i) are
connected to each pixel 40 of an i-th row. The gate line GL(i)
functions also as the switch control line SC1 (FIG. 3), i.e., the
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first word line Xi(1), and the auxiliary capacitor wire CSL(i)
functions also as the reference electric potential wire RL1.
[0276] The control signal buffer circuit 33 is a driving cir-
cuit which drives the pixels 40 corresponding to the n rows via
the data transfer control line DT1(i) and the refresh output
control line RC1(¥). The data transfer control line DT1(7) is
the data transfer control line DT1 (FIG. 3), i.e., the second
word line Xi(2), and the refresh output control line RC1(7) is
the refresh output control line RC1, i.e., the third word line
Xi(3).

[0277] The driving signal generating circuit/video signal
generating circuit 34 is a control driving circuit for perform-
ing image display and memory operation. The driving signal
generating circuit/video signal generating circuit 34 includes
the input-output interface 3, the command decoder 4, the
timing control circuit 13, and the writing/reading circuit 7 in
FIG. 1 in addition to a display data processing circuit. The
timing control circuit 13 is capable of functioning also as a
circuit which generates not only a timing used for the memory
operation, but also timings such as a gate start pulse, a gate
clock, a source start pulse, and a source clock which are used
for display operation.

[0278] During the multi-color display mode (memory cir-
cuit non-operation mode), the driving signal generating cir-
cuit/video signal generating circuit 34 outputs a multi-grada-
tion video signal from a video output terminal so as to drive
the source line SL(j) via the output signal line vd(k) and the
demultiplexer 35. Concurrently with this, the driving signal
generating circuit/video signal generating circuit 34 outputs a
signal s 1 for driving/controlling the gate driver/CS driver 32.
This allows display data to be written into each of the pixels
40 and allows a multi-gradation moving image/still image to
be displayed.

[0279] During the memory circuit operation mode, the
driving signal generating circuit/video signal generating cir-
cuit 34 supplies data to be retained in the pixels 40 from the
video output terminal to the source line SL(j) via the output
signal line vd(k) and the demultiplexer 35. In addition, the
driving signal generating circuit/video signal generating cir-
cuit 34 supplies a signal s2 for driving/controlling the gate
driver/CS driver 32 and a signal s3 for driving/controlling the
control signal buffer circuit 33. This allows data to be written
into the pixels 40 so that the data is displayed or retained and
allows the data retained in the pixels 40 to be read.

[0280] Note, however, that the reading operation from the
pixels 40 need not necessarily be carried out since the data
which has been written into the pixels 40 and is retained in a
memory circuit may be used only for display. The data sup-
plied from the video output terminal to the output signal line
vd(k) by the driving signal generating circuit/video signal
generating circuit 34 during the memory circuit operation
mode is a binary logic level indicated by a first electric poten-
tial level and a second electric potential level. In a case where
a pixel 40 corresponds to each picture element for color
display, an image can be displayed with colors as many as 2 to
the power of the number of colors of the picture elements. For
example, in a case where picture elements of three colors (R,
G, and B) exist, display can be carried out in display modes of
8 colors (2 to the power of 3). The demultiplexer 35 distrib-
utes, to corresponding source lines SL(j), the data supplied to
the output signal line vd(k).

[0281] As is clear from the above description, the gate
driver/CS driver 32 and the control signal buffer circuit 33
constitute a row driver. Meanwhile, the driving signal gener-
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ating circuit/video signal generating circuit 34 and the demul-
tiplexer 35 constitute a column driver.

[0282] Next, FIG. 15 illustrates an example of an arrange-
ment of the pixel 40 in the form of a pixel circuit MR9 which
is an equivalent circuit.

[0283] The pixel circuit MR9 is arranged such that a liquid
crystal capacitor Clc is added to the memory circuit MR1 of
FIG. 12. Note that the first word line Xi(1), the second word
line Xi(2), the third word line Xi(3), and the bit line Yj in FIG.
12 are illustrated as the gate line GL(i), the data transfer
control line DT(i), the refresh output control line RC(i), and
the source line SL(j), respectively.

[0284] The liquid crystal capacitor Clc is a capacitor which
includes a liquid crystal layer disposed between a node PIX
and a common electrode COM. That is, the node PIX is
connected to a pixel electrode. The capacitor Cal functions
also as an auxiliary capacitor (retention capacitor) of the pixel
40. The transistor N1 which constitutes the switching circuit
SW1 functions also as a selection element of the pixel 40. The
common electrode COM is provided on a common electrode
substrate facing a matrix substrate on which the circuit of
FIG. 14 is formed. Note, however, that the common electrode
COM may be provided on the matrix substrate.

[0285] All of the above-mentioned memory circuits can be
used as a memory circuit provided in the pixel circuit MR9.
[0286] During the multi-gradation display mode, in the
pixel circuit MR9, a data signal with the larger number of
electric potential levels than binary levels is supplied to the
pixel 40. Thus, display is carried out in a state in which the
refresh control section RS1 does not carry out the first opera-
tion in which the refresh control section RS1 is in the active
state. During the multi-gradation display mode, the electric
potential of the data transfer control line DT(i) may be fixed
to Low so that only the capacitor Cal functions as an auxiliary
capacitor or the electric potential of the data transfer control
line DT(i) may be fixed to High so that the capacitor Cal and
the capacitor Cb1 function as an auxiliary capacitor. Further,
the electric potential of the refresh output control line RC(i) is
fixed to Low so that the transistor N4 maintains an OFF state
or the electric potential of the data transfer control line DT(i)
is set high so that the transistor N3 turns off. This prevents the
electric potential of the data transfer control line DT(i) from
affecting a display gradation of the liquid crystal capacitor
Clc which display gradation is determined by an electric
charge accumulated in the first data retaining section DS1.
Consequently, it is possible to achieve display performance
identical to that of a liquid crystal display device having no
memory function.

[0287] FIG. 16 illustrates operation of the pixel circuit
MR9 during the memory circuit operation mode. In the
memory circuit operation mode of FIG. 16, an electric poten-
tial waveform of the common electrode COM is added to the
electric potential waveforms of FIG. 13. That is, the memory
circuit operation mode is executed by using the writing opera-
tion into the memory cell 8 in the memory device 1.

[0288] The operation of the pixel circuit MR9 in FIG. 16
can be classified into the following operation steps.

[0289] (1) Step A (The Period t1i Through the Period 2i
(The Writing Period T1/))

[0290] Inthe step A, astate is achieved in which (i) a binary
logic level corresponding to a data signal is being supplied
from the driving signal generating circuit/video signal gener-
ating circuit 34 and the demultiplexer 35 to the source line
SL(j) and (ii) the refresh output control section RS1 is carry-



US 2012/0169579 Al

ing out the second operation. In the state, the switching circuit
SW1 is made conductive. This allows the binary logic level to
be written into the pixel 40. Then, in a state in which (i) the
binary logic level is being written into the memory cell 8 and
(ii) the refresh output control section RS1 is carrying out the
second operation, the data transfer section TS1 carries out the
transfer operation.

[0291] (2) Step B (Each ofthe Period t3 Through the Period
t4 and the Period t9 Through the Period t10)

[0292] Inthestep B following the step A, a state is achieved
in which (i) the refresh output control section RS1 is carrying
out the second operation and (ii) the data transfer section TS1
is carrying out the non-transfer operation. In the state, the
switching circuit SW1 is made conductive. Thus, a binary
logic level which is same as a level equivalent to the control
information which causes the refresh output control section
RS1 to be in an active state is supplied to the first data
retaining section DS1 via the source line SL(j).

[0293] (3) Step C (Each ofthe Period t5 Through the Period
t6 and the Period t11 Through the Period t12)

[0294] Inthestep C following the step B, a state is achieved
in which (i) the switching circuit SW1 is being made non-
conductive and (ii) the data transfer section TS1 is carrying
out the non-transfer operation. In the state, the refresh output
control section RS1 carries out the first operation. At the end
of the first operation, a state is achieved in which a binary
logic level which is reverse to a level equivalent to the control
information which causes the refresh output control section
RS1tobeinanactive state is supplied from the voltage supply
VS1 to the input of the refresh output control section RS1.
[0295] (4) Step D (Each of the Period t7 Through the Period
t8 and the Period t13 Through the Period t14)

[0296] Inthestep D following the step C, a state is achieved
in which (i) the switching circuit SW1 is being made non-
conductive and (ii) the refresh output control section RS1 is
carrying out the second operation. In the state, the data trans-
fer section TS1 carries out the transfer operation.

[0297] As for the whole operation during the memory cir-
cuit operation mode, the step A is executed first, and subse-
quently to the step A, the series of operations from the start of
the step B to the end of the step D (the period t3 through the
period t8) is executed at least once.

[0298] The common electrode (counter electrode) COM is
driven so that an electric potential of the common electrode
(counter electrode) COM is reversed between High and Low
every time the transistor N1 turns on. By thus carrying out
inversion AC drive of the common electrode of the liquid
crystal capacitor so that the electric potential of the common
electrode is reversed between the binary levels, bright and
dark can be displayed while carrying out AC drive of the
liquid crystal capacitor so that a polarity of an applied voltage
is alternated between a positive polarity and a negative polar-
ity.

[0299] 1t is, for example, assumed that the binary levels
supplied to the common electrode COM are a first electric
potential level and a second electric potential level. This
makes it possible to easily achieve black display and white
display only by the first electric potential level and the second
electric potential level in both of a case where a voltage
applied to liquid crystals is of a positive polarity and a case
where the voltage applied to the liquid crystals is of a negative
polarity. For example, assume that the High electric potential
of the common electrode COM is equal to the High electric
potential of the binary logic levels and that the Low electric
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potential of the common electrode COM is equal to the Low
electric potential of the binary logic levels. Ina case where the
electric potential of the common electrode COM is Low and
where the electric potential of the node PIX is Low, black
display of a positive polarity is achieved, whereas in a case
where the electric potential of the common electrode COM is
Low and where the electric potential of the node PIX is High,
white display of a positive polarity is achieved. In a case
where the electric potential of the common electrode COM is
High and where the electric potential of the node PIX is Low,
white display of a negative polarity is achieved, whereas in a
case where the electric potential of the common electrode
COM is High and where the electric potential of the node PIX
is High, black display of a negative polarity is achieved.
Accordingly, the liquid crystals are driven so that a direction
of the voltage applied to the liquid crystals is reversed every
time the electric potential of the node PIX is refreshed, while
keeping an almost identical display gradation. This allows AC
driving of the liquid crystals in which an effective value of the
voltage applied to the liquid crystals is constant regardless of
whether the voltage is positive or negative. Moreover, such an
arrangement is also possible in which both of the electric
potentials (binary levels) of the common electrode COM are
larger than a minimum value of a data signal electric potential
and smaller than a maximum value of the data signal electric
potential.

[0300] Further, it is, for example, assumed that the binary
level supplied to the common electrode COM is reversed only
in a period in which the switching circuit SW1 is conductive
as shown in FIG. 16. Since the binary level supplied to the
common electrode COM is reversed only in a period in which
the pixel electrode is connected to the source line SL(j) via the
switching circuit SW1, the common electrode electric poten-
tial is reversed in a state in which the pixel electrode electric
potential is fixed to an electric potential of the source line
SL(j). This prevents the pixel electrode electric potential that
is being retained, especially the pixel electrode electric poten-
tial in a refresh period from changing, for example, due to the
reversal of the common electrode electric potential in a float-
ing state of the node PIX.

[0301] As described above, according to the present liquid
crystal display device, the display device can have both of the
function of the multi-gradation display mode (second display
mode) and the function of the memory circuit operation mode
(first display mode). During the memory circuit operation
mode, in which an image, such as a still image, which hardly
changes with time is displayed, circuits such as an amplifier
for displaying a multi-gradation image in a video signal gen-
erating circuit and data supply operation can be stopped. This
allows low power consumption. In addition, during the
memory circuit operation mode, an electric potential can be
refreshed within the pixel 40. This makes it unnecessary to
rewrite data of the pixel 40 while charging/discharging the
source line SL(j) again, thereby allowing a reduction in power
consumption. Furthermore, a data polarity can be reversed
within the pixel 40. This makes it unnecessary to, at the time
of polarity reversal, overwrite the data with display data
whose polarity has been reversed while charging/discharging
the source line SL(j). This allows a reduction in power con-
sumption.

[0302] The pixel circuit MR9 serving as a memory circuit
does not have a factor which greatly increases power con-
sumption such as a through current of an inverter for carrying
out a refresh operation. This makes it possible to greatly
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reduce power consumption of the memory circuit operation
mode itself, as compared with a conventional art.

[0303] A display device can be configured to include the
memory device 1 so that the memory circuit MR1 is disposed
within a driving circuit such as a CS driver of the display
device. In such a case, for example, a binary logic level of
retained data is directly used as an output from a memory cell.
Use of the memory circuit MR1 of FIG. 12, in which all the
transistors are N-channel TFTs, allows the memory cell to be
formed in a driving circuit that is monolithically built into a
display panel made of amorphous silicon.

[0304] Note that the memory circuit MR1 may be arranged
such that all the transistors constituting the memory circuit
are P-channel TFTs (field-effect transistors).

[0305] Next, the following describes a specific example of
an arrangement of a pixel 40 in a display panel (liquid crystal
panel) including the pixel circuit MR9.

[0306] FIG. 17 is a plan view illustrating a pixel of the
present liquid crystal panel. In the liquid crystal panel of FIG.
17, a source line SL(j) is provided in a column direction so as
to extend along the pixel 40, and a CS line CSL(i), a gate line
GL(i), a data transfer control line DT(i), and a refresh output
control line RC(i) are provided in a row direction so as to
cross the pixel 40. A pixel electrode 10 having a rectangular
shape is provided so as to overlap the CS line CSL(i) and the
gate line GL(i).

[0307] Inthe pixel 40, a gate electrode 7a is provided on the
gate line GL(i), and a source electrode 8a and a drain elec-
trode 9a of a transistor N1 (first transistor) are provided
corresponding to the gate electrode 7a. The source electrode
8a is connected to the source line SL(j) via a contact hole 11.
The drain electrode 9a is connected to a draw-out wire 9aa.
The draw-out wire 9aa is connected to a relay wire 33 via a
contact hole 12. The relay wire 33 is connected to the pixel
electrode 10 via a contact hole 13. The draw-out wire 9aa is
connected to a capacitive electrode 374 (first capacitive elec-
trode). The capacitive electrode 37a overlaps the CS line
CSL(i) via a gate insulating film. This forms a retention
capacitor Cal (first capacitor) (see FIG. 15).

[0308] The relay wire 33 further extends in the column
direction, and is connected to a source electrode 856 of a
transistor N2 (second transistor) and to a drain electrode 9¢ of
a transistor N4 (fourth transistor) via a contact hole 14. A gate
electrode 7b of the transistor N2 is connected to the data
transfer control line DT(i). A drain electrode 95 of the tran-
sistor N2 is connected to a draw-out wire 95b. The draw-out
wire 9bb is connected to a capacitive electrode 375 (second
capacitive electrode). The capacitive electrode 375 overlaps a
CS extension 1055 (retention capacitor wire extension) via
the gate insulating film. The CS extension 1054 is connected
to the CS line CSL(i) via contact holes 16 and 17. This forms
a retention capacitor Cb1 (second capacitor) (see FIG. 15).
[0309] The draw-out wire 965 that is connected to the drain
electrode 95 of the transistor N2 is further connected to a gate
electrode 7d of a transistor N3 (third transistor) via contact
holes 18 and 19. A source electrode 84 of the transistor N3 is
connected to the data transfer control line DT(i) via contact
holes 20 and 21. A drain electrode 94 of the transistor N3 is
connected to a relay wire 34 via a contact hole 22. The relay
wire 34 is connected to a source electrode 8¢ of the transistor
N4 via a contact hole 23. A gate electrode of the transistor N4
is connected to the refresh output control line RC(i).

[0310] The draw-out wire 9bb that is connected to the drain
electrode 95 of the transistor N2 is further connected to a
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capacitive electrode 37¢ (third capacitive electrode). The
capacitive electrode 37¢ overlaps the data transfer control line
DT(@) via the gate insulating film. This forms a retention
capacitor Capl1 (third capacitor) (see FIG. 15).

[0311] FIG.18is across-sectional view taken along the line
A-B-CofFIG. 17. As illustrated in FIG. 18, the present liquid
crystal panel includes an active matrix substrate 30, a color
filter substrate 60 (counter substrate) facing the active matrix
substrate 30, and a liquid crystal layer 70 sandwiched
between the two substrates 30 and 60.

[0312] In the active matrix substrate 30, a semiconductor
layer 37 (an1ilayer and an n+ layer), the source electrodes 8a,
8b, 8¢, and 8d (see FIG. 17) that are in contact with the
n+layer, the drain electrodes 94, 95, 9¢, and 94 (see F1G. 17),
the draw-out wires 9aa, 9bb, 9cc, and 9dd (see FI1G. 17) that
are drawn out from the drain electrodes 9a, 95, 9¢, and 94,
respectively, and the capacitive electrodes 374, 375, and 37¢
are formed on a glass substrate 31, and an inorganic gate
insulating film 41 is provided on these members so as to cover
these members. On the inorganic gate insulating film 41, the
CS line CSL(i), the gate line GL(i), the CS extension 1055,
the data transfer control line DT(i), and the refresh output
control line RC(i) (see FIG. 17) are provided, and an inor-
ganic interlayer insulating film 42 is provided on these mem-
bers so as to cover these members. On the inorganic interlayer
insulating film 42, the relay wires 33 and 34 (see FIG. 17) are
provided, and an organic interlayer insulating film 43 is pro-
vided on these members so as to cover these members. On the
organic interlayer insulating film 43, the pixel electrode 10 is
provided, and an alignment film (not shown) is provided on
the pixel electrode 10 so as to cover the pixel electrode 10.

[0313] Theorganic interlayer insulating film 43 is hollowed
out at the contact hole 13, thereby allowing connection
between the pixel electrode 10 and the relay wire 33. Further,
the inorganic gate insulating film 41 and the inorganic inter-
layer insulating film 42 are hollowed out at the contact hole
12, thereby allowing connection between the relay wire 33
and the draw-out wire 9aa drawn out from the drain electrode
9a (see F1G. 17) of the transistor N 1. The capacitive electrode
37a connected to the draw-out wire 9aa overlaps the CS line
CSL(i) via the inorganic gate insulating film 41. This forms a
retention capacitor Cal (see FIG. 15).

[0314] The inorganic gate insulating film 41 and the inor-
ganic interlayer insulating film 42 are hollowed out at the
contact hole 18, thereby allowing connection between the
relay wire 33 and the draw-out wire 865 drawn out from the
source electrode 85 (see FIG. 17) of the transistor N2. The
capacitive electrode 375 that is connected to the draw-out
wire 9bb drawn out from the drain electrode 95 (see FIG. 17)
of the transistor N2 overlaps the CS extension 1065 via the
inorganic gate insulating film 41. The CS extension 1065 is
connected to the CS line CSL(i) via the contact holes 16 and
17. This forms a retention capacitor Cbl (see FIG. 15)
between the capacitive electrode 375 and the CS extension
1065. The capacitive electrode 37¢ connected to the draw-out
wire 9bb overlaps the data transfer control line DT(i) via the
inorganic gate insulating film 41. This forms a capacitor Capl
(see FIG. 15) between the capacitive electrode 37¢ and the
data transfer control line DT(I).

[0315] Meanwhile, in the color filter substrate 60, a black
matrix 62 and a colored layer 63 are provided on a glass
substrate 61, and on these members, a common electrode
(com) 64 is provided. Further, an alignment film (not shown)
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is provided on the common electrode (com) 64 so as to cover
the common electrode (com) 64.

EXAMPLE 2

[0316] A memory circuit MR2 of Example 2 is arranged
such that a fourth word line Xi(4) (sixth signal line) is added
to the memory circuit MR1 of Example 1 and a capacitor
Capl is provided between the node MRY (second connection
point) and the fourth word line Xi(4). FIG. 19 is a circuit
diagram of the memory circuit MR2 including the capacitor
Capl, and FIG. 20 is a timing chart illustrating operation of
the memory circuit MR2. As illustrated in FIG. 20, when an
electric potential of the fourth word line Xi(4) is changed
from High to Low, an electric potential change occurs due to
a feed-through voltage generated due to the capacitor Capl.
This reduces the electric potential of the node MRY. Since the
degree of the reduction of the electric potential varies depend-
ing on a size of the capacitor Cap1, the capacitor Capl is set
so that the electric potential of the node MRY does not reach
an electric potential which causes the transistor N3 to turn on
in a period (the period t12) in which the electric potential of
the third word line Xi(3) is High, as in Example 1.

[0317] In a case where the electric potential of the node
MRY is reduced due to the capacitor Capl thus set, the
electric potential of the node MRY is not increased to such an
extent as to turn the transistor N3 on, in the period t12 in
which the electric potential of the third word line Xi(3)
becomes High and the transistor N4 turns on. Accordingly,
the transistor N3 maintains an OFF state. Since the node PIX
is not conductive with the second word line Xi(2) via the
transistor N3, the node PIX can maintain a High electric
potential. Accordingly, in the period t14 in which the electric
potential of the second word line Xi(2) becomes High and the
transistor N2 turns on, proper movement of an electric charge
occurs between the capacitor Cal and the capacitor Cbl.
Consequently, both of the electric potential of the node PIX
and the electric potential of the node MRY become High. Itis
therefore possible to prevent an operation error in the memory
circuit MR2.

[0318] According to the arrangement of the present
Example 2, it is possible to obtain not only an effect of
preventing an operation error in the memory circuit MR2, but
also an effect of being capable of adjusting an output timing
of a signal to be supplied to the fourth word line Xi(4) inde-
pendently of a signal to be supplied to the second word line
Xi(2) since the signal line (fourth word line Xi(4)) for form-
ing the capacitor Capl is provided independently of the sec-
ond word line Xi(2). It is therefore possible to adjust a signal
amplitude voltage while taking power consumption into con-
sideration. Further, in a case where the electric potential of the
node MRY can be retained by the capacitor Capl, it is pos-
sible to eliminate the retention capacitor Cb1.

[0319] In FIG. 20, the electric potential of the fourth word
line Xi(4) changes at same timings as the electric potential of
the second word line Xi(2). However, the electric potential of
the fourth word line Xi(4) may change from High to Low in
the periods t9 through t11 (the period t10 in FIG. 21), for
example. That is, it is only necessary that the electric potential
of'the fourth word line Xi(4) change from High to Low before
the period t12 in which the electric potential of the third word
line Xi(3) becomes High and the transistor N4 turns on, so as
to reduce the electric potential of the node MRY to an electric
potential which does not cause the transistor N3 to turn on.
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[0320] Next, the following describes a liquid crystal dis-
play device of the present Example 2. The present liquid
crystal display device is identical to the liquid crystal display
device 9 of Example 1 except for that a capacitor line CapL.(i)
corresponding to the fourth word line Xi(4) is added. Accord-
ingly, the following describes a specific example of an
arrangement of a pixel 41 for forming a capacitor Capl.
[0321] FIG. 22 is aplan view of a pixel of the present liquid
crystal panel, and FIG. 26 is a circuit diagram of a pixel circuit
MR10 provided in the pixel. The pixel circuit MR10 corre-
sponds to the memory circuit MR2. In the liquid crystal panel
of FIG. 22, a source line SL(j) is provided in a column direc-
tion so as to extend along the pixel 41, and a CS line CSL(i),
a gate line GL(i), a data transfer control line DT (i), a capacitor
line CapL(i), and a refresh output control line RC(i) are
provided in a row direction so as to cross the pixel 40. A pixel
electrode 10 having a rectangular shape is provided so as to
overlap the CS line CSL(i) and the gate line GL(i).

[0322] Inthepixel 41, a gate electrode 7a is provided on the
gate line GL(i), and a source electrode 8a and a drain elec-
trode 9a of a transistor N1 (first transistor) are provided
corresponding to the gate electrode 7a. The source electrode
8a is connected to the source line SL(j) via a contact hole 11.
The drain electrode 9a is connected to a draw-out wire 9aa.
The draw-out wire 9aa is connected to a relay wire 33 via a
contact hole 12. The relay wire 33 is connected to the pixel
electrode 10 via a contact hole 13. The draw-out wire 9aa is
connected to a capacitive electrode 37a. The capacitive elec-
trode 37a overlaps the CS line CSL(i) via a gate insulating
film. This forms a retention capacitor Cal (first capacitor)
(see FIG. 26).

[0323] The relay wire 33 further extends in the column
direction, and is connected to a source electrode 856 of a
transistor N2 (second transistor) and to a drain electrode 9¢ of
atransistor N4 (fourth transistor) via a contact hole 14. A gate
electrode 7b of the transistor N2 is connected to the data
transfer control line DT(i). A drain electrode 95 of the tran-
sistor N2 is connected to a draw-out wire 96b. The draw-out
wire 9bb is connected to a capacitive electrode 37b. The
capacitive electrode 375 overlaps a CS extension 1055 via the
gate insulating film. The CS extension 1065 is connected to
the CS line CSL(i) via contact holes 16 and 17. This forms a
retention capacitor Cb1 (second capacitor) (see FIG. 26). The
draw-out wire 9656 that is connected to the capacitive elec-
trode 375 is connected to a capacitive electrode 37¢. The
capacitive electrode 37¢ overlaps the capacitor line CapL.(i)
via the gate insulating film. This forms a capacitor Cap1 (third
capacitor) (see FIG. 26).

[0324] The draw-out wire 955 that is connected to the drain
electrode 95 of the transistor N2 is further connected to a gate
electrode 7d of a transistor N3 (third transistor) via contact
holes 18 and 19. A source electrode 8d of the transistor N3 is
connected to the data transfer control line DT(i) via contact
holes 20 and 21. A drain electrode 94 of the transistor N3 is
connected to a relay wire 34 via a contact hole 22. The relay
wire 34 is connected to a source electrode 8¢ of the transistor
N4 via a contact hole 23. A gate electrode of the transistor N4
is connected to the refresh output control line RC(i).

[0325] FIG. 23 is across-sectional view taken along the line
A-B-CofFIG. 22. As illustrated in FIG. 23, the present liquid
crystal panel includes an active matrix substrate 30, a color
filter substrate 60 (counter substrate) facing the active matrix
substrate 30, and a liquid crystal layer 70 sandwiched
between the two substrates 30 and 60.
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[0326] In the active matrix substrate 30, a semiconductor
layer 37 (anilayer and an n+ layer), the source electrodes 8a,
8b, 8¢, and 84 (see FIG. 22) that are in contact with the n+
layer, the drain electrodes 9a, 95, 9¢, and 94 (see F1G. 22), the
draw-out wires 9aa, 9bb, 9cc, and 9dd (see FIG. 22) that are
drawn out from the drain electrodes 9a, 95, 9¢, and 94, respec-
tively, and the capacitive electrodes 37a, 375, and 37c¢ are
provided on a glass substrate 31, and an inorganic gate insu-
lating film 41 is provided on these members so as to cover
these members. On the inorganic gate insulating film 41, the
CS line CSL(i), the gate line GL(1), the capacitor line CapL(i),
the CS extension 1055, the data transfer control line DT(i),
and the refresh output control line RC(i) (see FIG. 22) are
provided, and an inorganic interlayer insulating film 42 is
provided on these members so as to cover these members. On
the inorganic interlayer insulating film 42, the relay wires 33
and 34 (see FIG. 22) are provided, and an organic interlayer
insulating film 43 is provided on these members so as to cover
these members. On the organic interlayer insulating film 43,
the pixel electrode 10 is provided, and an alignment film (not
shown) is provided on the pixel electrode 10 so as to cover the
pixel electrode 10.

[0327] Theorganic interlayer insulating film 43 is hollowed
out at the contact hole 13, thereby allowing connection
between the pixel electrode 10 and the relay wire 33. Further,
the inorganic gate insulating film 41 and the inorganic inter-
layer insulating film 42 are hollowed out at the contact hole
12, thereby allowing connection between the relay wire 33
and the draw-out wire 9aa drawn out from the drain electrode
94 (see FIG. 22) of the transistor N1. The capacitive electrode
37a connected to the draw-out wire 9aa overlaps the CS line
CSL(i) via the inorganic gate insulating film 41. This forms a
retention capacitor Cal (see FIG. 26).

[0328] The inorganic gate insulating film 41 and the inor-
ganic interlayer insulating film 42 are hollowed out at the
contact hole 14, thereby allowing connection between the
relay wire 33 and the draw-out wire 855 drawn out from the
source electrode 86 (see FIG. 22) of the transistor N2. The
capacitive electrode 375 that is connected to the draw-out
wire 9bb drawn out from the drain electrode 95 (see FIG. 22)
of the transistor N2 overlaps the CS extension 1055 via the
inorganic gate insulating film 41. The CS extension 1065 is
connected to the CS line CSL(i) via the contact holes 16 and
17. This forms a retention capacitor Cbl (see FIG. 26)
between the capacitive electrode 376 and the CS extension
10bb. The capacitive electrode 37¢ connected to the draw-out
wire 9bb overlaps the capacitor line Cap1(i) via the inorganic
gate insulating film 41. This forms a capacitor Capl1 (see FIG.
26) between the capacitive electrode 37¢ and the capacitor
line Cap1(i).

[0329] Meanwhile, in the color filter substrate 60, a black
matrix 62 and a colored layer 63 are provided on a glass
substrate 61, and a common electrode (com) 64 is provided on
these members. Further, an alignment film (not shown) is
provided on the common electrode (com) 64 so as to cover the
common electrode (com) 64.

[0330] A memory device of the present invention can be
also expressed as follows.

[0331] Specifically, a memory device of the present inven-
tion includes: a memory array in which memory cells are
provided in a matrix pattern; a row driver which drives each
row of the memory array; a column driver which drives each
column of the memory array; afirst signal line (switch control
line SC1) which is provided for the each row and is connected

Jul. 5,2012

to memory cells in an identical row; a second signal line (data
transfer control line DT1) and a third signal line (refresh
output control line RC1) each of which is connected to the
memory cells in the identical row; and a fourth signal line
(data input line IN) which is provided for the each column and
is connected to memory cells in an identical column, the
fourth signal line being driven by the column driver so that
each of a first electric potential level and a second electric
potential level each indicating a binary logic level is supplied
to the fourth signal line, the memory cells of the memory
array each including: a switching circuit; a first retaining
section (first data retaining section DS1); a transfer section
(data transfer section TS1); a second retaining section (sec-
ond data retaining section DS2); and a first control section
(refresh output control section), the switching circuit being
driven by the row driver via the first signal line, so as to
selectively turn on or off the fourth signal line and the first
retaining section, the first retaining section retaining the
binary logic level to be supplied thereto, the transfer section
being driven via the second signal line, so as to selectively
carry out (i) a transfer operation in which the binary logic
level retained in the first retaining section is transferred to the
second retaining section while being retained in the first
retaining section and (ii) a non-transfer operation in which no
transfer operation is carried out, the second retaining section
retaining the binary logic level to be supplied thereto, the first
control section being driven via the third signal line, so as to
be selectively controlled to be in a state in which the first
control section carries out a first operation or a second opera-
tion, the first operation being an operation which is carried out
by the first control section in (i) an active state in which the
first control section receives an input thereto and supplies the
input as an output thereof to the first retaining section or (ii) a
non-active state in which the first control section stops carry-
ing out an output, the active or non-active state having been
selected in accordance with control information indicative of
which of the first electric potential level and the second elec-
tric potential level is retained in the second retaining section
as the binary logic level, the second operation being an opera-
tion in which the first control section stops carrying out the
output regardless of the control information, and the first
control section including a voltage supply which supplies a
set electric potential to an input of the first control section.

[0332] According to the arrangement, for example, in a
case where data is desired to be written to a memory cell, the
binary logic level which corresponds to the data to be written
and is the first electric potential level or the second electric
potential level is supplied from the column driver to the fourth
signal line. Then, in a case where the binary logic level is
supplied from the fourth signal line via the switching circuit
to the first retaining section and then retained in the first
retaining section, the binary logic level retained in the first
retaining section can also be retained in the second retaining
section by the transfer operation carried out by the transfer
section. The first control section may be in the active state (i)
when the first electric potential is retained in the second
retaining section or (ii) when the second electric potential
level is retained in the second retaining section. In either case,
assume that the electric potential of the voltage supply is set
to supply a level which is reverse to an active level of the first
control section when a period in which the first control section
carries out the first operation is finished. In a case where, in a
state in which the transfer section has carried out the non-
transfer operation, the first control section carries out the first
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operation in which the first control section is in the active
state, the first retaining section is in a state in which the first
retaining section retains a level which is reverse to the binary
logic level having been retained therein until then, and the
second retaining section is in a state in which the second
retaining section retains the binary logic level having been
retained therein until then. In contrast, in a case where, in a
state in which the transfer section has carried out the non-
transfer operation, the first control section carries out the
second operation in which the first control section is in the
non-active state, both the first retaining section and the second
retaining section are in a state in which the first retaining
section and the second retaining section retain the respective
binary logic levels having been retained therein until then.

[0333] Note here that, in a case where the active level of the
first control section is supplied from the column driver to the
fourth signal line, the binary logic level retained in the first
retaining section is overwritten with the active level via the
switching circuit, and thereafter the transfer section carries
out the transfer operation, both the first retaining section and
the second retaining section are in a state in which the first
retaining section and the second retaining section retain a
level which is reverse to the binary logic level obtained during
writing. According to this, refresh can be carried out in a
memory cell. The refresh can be repeated by repeating similar
operation to the operation described above. According to the
refresh, the binary logic level to be retained is reversed every
time the refresh is carried out with respect to identical written
data supplied from the column driver.

[0334] As described earlier, according to the arrangement,
in a case where one and the other of the first electric potential
level and the second electric potential level are supplied from
the fourth signal line and the voltage supply, respectively to
each of the memory cells by no use of an inverter after binary
logic data has been written to the first retaining section, a
binary logic level corresponding to the binary logic data hav-
ing been written to a memory cell can be refreshed while
being subjected to a level reversal. Since a binary logic level
which has been refreshed and is retained in the first retaining
section and a binary logic level which has been refreshed and
is retained in the second retaining section are equal to each
other, the first retaining section and the second retaining
section do not change in electric potential even if the transfer
section carries out the transfer operation. This allows both the
first retaining section and the second retaining section to
retain the binary logic levels thus refreshed for a long time
while the transfer section is in a state in which the transfer
section carries out the transfer operation. In this case, since
the first retaining section and the second retaining section are
connected via the transfer section, occurrence of an off-leak-
age current in a transfer element of the transfer section is
irrelevant to retention of the binary logic levels. The binary
logic levels, which are retained in a mass by a large electric
capacitance represented by a sum of the first retaining section
and the second retaining section, are less likely to change in
electric potential even by an influence of a noise from outside.
[0335] Accordingly, even if the off-leakage current occurs
in the transfer element used in the transfer section, an electric
potential of a retaining node which retains the binary logic
level of the second retaining section is less likely to change
since the electric potential is retained for a long time together
with an electric potential of a retaining node of the first
retaining section. According to a conventional memory cell,
the binary logic levels which have been refreshed and are
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different from each other are retained for a long time in a state
in which the first retaining section and the second retaining
section are electrically separated from each other by the trans-
fer element of the transfer section. Therefore, the off-leakage
current of the transfer element has a great influence on the
electric potential of the second retaining section.

[0336] Further, even if the electric potential of the retaining
node of the second retaining section changes, a time for the
change is not long enough for the control information for the
first control section carrying out the first operation to change
between the active level and the non-active level.

[0337] In acase where it is assumed that an inverter exists
in the first control section, there exist two complementary
levels of a High level and a Low level as active levels at each
of'which the inverter operates. Therefore, a range is narrow in
which the electric potential of the second retaining section
can exist as a level at which the inverter stably maintains an
identical operation. For example, assume that the electric
potential of the second retaining section is at the Low level.
While the inverter is being operated so that a p-channel tran-
sistor turns on and an n-channel transistor turns off, itis feared
that a slight increase in gate electric potential of the p-channel
transistor may cause the n-channel transistor to turn on. How-
ever, in a case where the n-channel transistor is designed to
have a large threshold voltage so as to avoid such a fear and
the inverter is desired to operate so that the p-channel tran-
sistor turns off and the n-channel transistor turns on, a range
becomes narrow in which the High level functions as the
active level. In contrast, according to the invention, the active
level of the first control section is one of the first electric
potential level and the second electric potential level. There-
fore, in a case where a broad range is secured in which the
control information for the first control section exists as the
non-active level, it is less feared that the non-active level may
change to the active level. In contrast, in a case where the
active level functions at an early stage of the active state of the
first operation of the first control section, an object of the
active level to be supplied from the voltage supply section to
the first retaining section is easily attained. Therefore, even in
a case where the active level finally changes to the non-active
level, the change is less likely to cause an operation error in
the first control section. Accordingly, even if the electric
potential of the retaining node of the second retaining section
changes, it is possible to carry out designing with such a large
margin as to prevent the operation error in the first control
section. For example, assume that the control information for
the first control section is supplied to a gate of a transistor.
Such designing corresponds to designing such that an
increase in threshold voltage of the transistor causes a gate-
source voltage to be less likely to exceed the threshold voltage
of the transistor even if the electric potential of the second
retaining section which electric potential should be at the
non-active level changes.

[0338] Further, in a case where the electric potential of the
retaining node of the second retaining section changes but the
first control section carries out the second operation, no
operation error occurs.

[0339] Accordingly, it is possible to yield an effect of pro-
viding a memory device such that, even if an off-leakage
current occurs in a transfer element used in a transfer section
which transfers binary logic data between two retaining sec-
tions, a circuit which carries out a refresh operation in accor-
dance with a binary logic level retained in one of the two
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retaining sections can suitably carry out its original operation
with no increase in consumption current and no operation
error.

[0340] In addition to the above arrangement, the memory
device of the present invention includes a third retaining
section connected between the input of the first control sec-
tion and the second signal line.

[0341] This allows the node PIX to be maintained at a High
electric potential as illustrated in FIG. 20. Consequently, an
operation error in the memory device can be prevented.
[0342] Inorder to attain the above object, a memory device
of the present invention which carries out a refresh operation
in a data retention period following writing of a data signal
electric potential, includes:

[0343] first through fourth transistors;

[0344] a first signal line for turning the first transistor
on/off;

[0345] asecond signal line for turning the second transistor
on/off;

[0346] a third signal line for turning the fourth transistor
on/off;

[0347] a fourth signal line for supplying the data signal

electric potential; and

[0348] a fifth signal line for forming a capacitor in which
the data signal electric potential is retained,

[0349] the first transistor having (i) a control terminal
which is connected to the first signal line and (ii) a first
conduction terminal which is connected to the fourth signal
line,

[0350] the second transistor having (i) a control terminal
which is connected to the second signal line and (ii) a first
conduction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection point,
[0351] the third transistor having (i) a control terminal
which is connected to a second conduction terminal of the
second transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second signal
line,

[0352] the fourth transistor having (i) a control terminal
which is connected to the third signal line, (ii) a first conduc-
tion terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second conduction
terminal which is connected to the first connection point,

[0353] a first capacitor being formed between the first con-
nection point and the fifth signal line, a second capacitor
being formed between the second connection point and the
fifth signal line, and a third capacitor being formed between
the first conduction terminal of the third transistor and the
second connection point.

[0354] According to the arrangement, in the data retention
period, a constant electric potential which turns the third
transistor on is supplied to the fourth signal line, and the
refresh operation is properly carried out by making the third
signal line active after making the first signal line active once
while the second signal line is being kept non-active. This
eliminates the need for an inverter (FIG. 24) for carrying out
arefresh operation, thereby greatly reducing power consump-
tion as compared with a conventional art.

[0355] According to the arrangement, a third capacitor is
formed between the first conduction terminal of the third
transistor and the second connection point. This can stabilize
electric potentials of the first connection point and the second
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connection point, thereby making it possible to properly carry
out a refresh operation of a memory device. This is described
later in detail (see FIG. 13).

[0356] The memory device may be arranged such that in a
writing period in which the data signal electric potential is
written, the second signal line is kept active, and the first
signal line is selected while supplying the data signal electric
potential to the fourth signal line.

[0357] The memory device may be arranged such that, in
the data retention period, a constant electric potential which
turns the third transistor on is supplied to the fourth signal
line.

[0358] The memory device may be arranged such that, in
the data retention period, the refresh operation is carried out
by making the third signal line active after making the first
signal line active once while the second signal line is being
kept non-active.

[0359] The memory device may be arranged such that an
electric potential of the second connection point is reduced by
an electric potential change caused by the third capacitor
when the second signal line is changed from an active state to
a non-active state.

[0360] Inorder to attain the above object, a memory device
of'the present invention which carries out a refresh operation
in a data retention period following writing of a data signal
electric potential, includes:

[0361] first through fourth transistors;

[0362] a first signal line for turning the first transistor
on/off;

[0363] asecond signal line for turning the second transistor
on/off;

[0364] a third signal line for turning the fourth transistor
on/off;

[0365] a fourth signal line for supplying the data signal

electric potential;

[0366] a fifth signal line for forming a capacitor in which
the data signal electric potential is retained; and

[0367] a sixth signal line,

[0368] the first transistor having (i) a control terminal
which is connected to the first signal line and (ii) a first
conduction terminal which is connected to the fourth signal
line,

[0369] the second transistor having (i) a control terminal
which is connected to the second signal line and (ii) a first
conduction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection point,
[0370] the third transistor having (i) a control terminal
which is connected to a second conduction terminal of the
second transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second signal
line,

[0371] the fourth transistor having (i) a control terminal
which is connected to the third signal line, (ii) a first conduc-
tion terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second conduction
terminal which is connected to the first connection point,
[0372] a first capacitor being formed between the first con-
nection point and the fifth signal line, a second capacitor
being formed between the second connection point and the
fifth signal line, and a third capacitor being formed between
the second connection point and the sixth signal line.

[0373] According to the arrangement, in the data retention
period, a constant electric potential which turns the third
transistor on is supplied to the fourth signal line, and the
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refresh operation is properly carried out by making the third
signal line active after making the first signal line active once
while the second signal line is being kept non-active. This
eliminates the need for an inverter (FIG. 24) for carrying out
arefresh operation, thereby greatly reducing power consump-
tion as compared with a conventional art.

[0374] According to the arrangement, a third capacitor is
formed between the second connection point and the sixth
signal line. This can stabilize electric potentials of the first
connection point and the second connection point, thereby
making it possible to properly carry out a refresh operation of
a memory device. This is described later in detail (see FIG.
20).

[0375] The memory device may be arranged such that in a
writing period in which the data signal electric potential is
written, the second signal line is kept active, and the first
signal line is selected while supplying the data signal electric
potential to the fourth signal line, and in the data retention
period, a constant electric potential which turns the third
transistor on is supplied to the fourth signal line, the refresh
operation is carried out by making the third signal line active
after making the first signal line active once while the second
signal line is being kept non-active, and the sixth signal line is
changed from an active state to a non-active state after the
second signal line is made non-active and before the third
signal line is made active.

[0376] In order to attain the above object, a liquid crystal
display device of the present invention includes:

[0377] any of the memory devices;

[0378] a pixel electrode; and

[0379] a counter electrode,

[0380] the pixel electrode being connected to the first con-
nection point,

[0381] the first signal line functioning also as a scanning
signal line, and

[0382] the fourth signal line functioning also as a data sig-
nal line.

[0383] In order to attain the above object, a liquid crystal

display device of the present invention is a memory-type
liquid crystal display device which carries out a refresh opera-
tion in a data retention period following writing of a data
signal electric potential, including:

[0384] data signal lines;

[0385] scanning signal lines;
[0386] retention capacitor wires;
[0387] data transfer lines;

[0388] refresh lines;

[0389] pixel electrodes;

[0390] a counter electrode;
[0391] first transistors;

[0392] second transistors;

[0393] third transistors;

[0394] fourth transistors;

[0395] first capacitors;

[0396] second capacitors; and
[0397] third capacitors,

[0398] wherein each pixel electrode is associated with the

first transistors, the second transistors, the third transistors,
the fourth transistors, the first capacitors, the second capaci-
tors, and the third capacitors in such a manner that (i) a first
transistor associated with the pixel electrode has a control
terminal which is connected to a scanning signal line associ-
ated with the pixel electrode, (ii) a second transistor associ-
ated with the pixel electrode has a control terminal which is
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connected to a data transfer line associated with the pixel
electrode, (iii) a third transistor associated with the pixel
electrode has a control terminal which is connected to the
pixel electrode via the second transistor, (iv) a fourth transis-
tor associated with the pixel electrode has a control terminal
which is connected to a refresh line associated with the pixel
electrode, (v) a first capacitor associated with the pixel elec-
trode is connected to the pixel electrode, (vi) a second capaci-
tor associated with the pixel electrode is connected to the
pixel electrode via the second transistor, (vii) a third capacitor
associated with the pixel electrode is formed between (a) a
conduction terminal of the third transistor which conduction
terminal is connected to the data transfer line and (b) the
control terminal of the third transistor, and (viii) the pixel
electrode is connected to a data signal line associated with the
pixel electrode via the first transistor and is connected to the
data transfer line via the fourth transistor and the third tran-
sistor.

[0399] The liquid crystal display device may be arranged
such that
[0400] in a writing period in which the data signal electric

potential is written, the data transfer lines are kept active, and
the scanning signal lines are sequentially selected while sup-
plying the data signal electric potential to the data signal lines.
[0401] The liquid crystal display device may be arranged
such that, in the data retention period, a constant electric
potential which turns the third transistors on is supplied to the
data signal lines.

[0402] The liquid crystal display device may be arranged
such that, in the data retention period, the refresh operation is
carried out by concurrently making the refresh lines active
after concurrently making the scanning signal lines active
once while the data transfer lines are being kept non-active.
[0403] The liquid crystal display device may be arranged
such that electric potentials of connection points between (i)
conduction terminals of the second transistors and (ii) control
terminals of the third transistors are reduced by an electric
potential change caused by the third capacitors when the data
transfer lines are changed from an active state to a non-active
state.

[0404] The liquid crystal display device may be arranged
such that an electric potential of the counter electrode is
switched between binary levels every time the refresh opera-
tion is carried out.

[0405] The liquid crystal display device may be arranged
such that both of the binary levels are larger than a minimum
value of the data signal electric potential and smaller than a
maximum value of the data signal electric potential.

[0406] The liquid crystal display device may be arranged to
further include:
[0407] first capacitive electrodes connected to the respec-

tive pixel electrodes;

[0408] second capacitive electrodes connected to the
respective pixel electrodes;

[0409] third capacitive electrodes connected to the respec-
tive pixel electrodes; and

[0410] retention capacitor wire extensions connected to the
respective retention capacitor wires,

[0411] the first capacitive electrodes overlapping the
respective retention capacitor wires via an insulating film so
that the first capacitors are formed,

[0412] the second capacitive electrodes overlapping the
respective retention capacitor wire extensions via the insulat-
ing film so that the second capacitors are formed, and
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[0413] the third capacitive electrodes overlapping the
respective data transfer lines via the insulating film so that the
third capacitors are formed.

[0414] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0415] The present invention is suitably applicable to a
display of a mobile phone, and the like.

REFERENCE SIGNS LIST
[0416] 1: Memory device
[0417] 2: Memory array
[0418] 6: Word line control circuit (row driver)
[0419] 7: Writing/reading circuit (column driver)
[0420] 8: Memory cell
[0421] 9: Liquid crystal display device (display device)
[0422] 10: Pixel electrode
[0423] 40: Pixel (memory cell)
[0424] 37a: Capacitive electrode (first capacitive elec-
trode)
[0425] 37h: Capacitive electrode (second capacitive elec-
trode)
[0426] 37c: Capacitive electrode (third capacitive elec-
trode)
[0427] 105b: CS extension (retention capacitor wire exten-
sion)
[0428] SC1: Switch control line (first signal line)
[0429] DT1, DT(i): Data transfer control line (data transfer

line, second signal line)
[0430] RC1, RC(i): Refresh output control line (refresh
line, third signal line)

[0431] IN1: Data input line (fourth signal line)

[0432] RL1: Reference electric potential wire (fifth signal
line

[043)3] Xi(1) (1=i=n): First word line (first signal line)
[0434] Xi(2) (1=i=n): Second word line (second signal
line)

[0435] Xi(3) (1=i=n): Third word line (third signal line)
[0436] Xi(4) (1=i=n): Sixth word line (sixth signal line)
[0437] Y] (1=j=m): Bit line (fourth signal line)

[0438] SW1: Switch circuit

[0439] DS1: First data retaining section

[0440] DS2: Second data retaining section

[0441] TS1: Data transfer section

[0442] RS1: Refresh output control section

[0443] VS1: Voltage supply

[0444] N1-N4: Transistor (N-channel field-effect transis-
tor)

[0445] P1: Transistor (P-channel field-effect transistor,
fifth transistor)

[0446] N1: Transistor (first transistor)

[0447] N2: Transistor (second transistor)

[0448] N3: Transistor (third transistor)

[0449] N4: Transistor (fourth transistor)

[0450] Cal: Capacitor (first capacitor)

[0451] Cb1: Capacitor (second capacitor)

[0452] Capl: Capacitor (third capacitor)

[0453] PIX: Node (first connection point)
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[0454] MRY: Node (second connection point)

[0455] GL() (1=i=n): Gate line (scanning signal line)
[0456] SL(j) (1=j=m): Source line (data signal line)
[0457] CSL(i)(1=j=m): CS line (auxiliary capacitor wire)
[0458] MR1, MR2: Memory circuit

[0459] MR9, MR10: Pixel circuit

1. A memory device which carries out a refresh operation in
a data retention period following writing of a data signal
electric potential, comprising:

first through fourth transistors;

a first signal line for turning the first transistor on/off;

a second signal line for turning the second transistor on/off;

a third signal line for turning the fourth transistor on/off;

a fourth signal line for supplying the data signal electric
potential; and

a fifth signal line for forming a capacitor in which the data
signal electric potential is retained,

the first transistor having (i) a control terminal which is
connected to the first signal line and (ii) a first conduc-
tion terminal which is connected to the fourth signal line,

the second transistor having (i) a control terminal which is
connected to the second signal line and (ii) a first con-
duction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection
point,

the third transistor having (i) a control terminal which is
connected to a second conduction terminal of the second
transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second
signal line,

the fourth transistor having (i) a control terminal which is
connected to the third signal line, (ii) a first conduction
terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second con-
duction terminal which is connected to the first connec-
tion point,

a first capacitor being formed between the first connection
point and the fifth signal line, a second capacitor being
formed between the second connection point and the
fifth signal line, and a third capacitor being formed
between the first conduction terminal of the third tran-
sistor and the second connection point.

2. The memory device according to claim 1, wherein:

in a writing period in which the data signal electric poten-
tial is written, the second signal line is kept active, and

the first signal line is selected while supplying the data
signal electric potential to the fourth signal line.

3. The memory device according to claim 2, wherein, in the
data retention period, a constant electric potential which turns
the third transistor on is supplied to the fourth signal line.

4. The memory device according to claim 3, wherein, in the
data retention period, the refresh operation is carried out by
making the third signal line active after making the first signal
line active once while the second signal line is being kept
non-active.

5. The memory device according to claim 4, wherein an
electric potential of the second connection point is reduced by
an electric potential change caused by the third capacitor
when the second signal line is changed from an active state to
a non-active state.

6. A memory device which carries out a refresh operation in
a data retention period following writing of a data signal
electric potential, comprising:
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first through fourth transistors;

a first signal line for turning the first transistor on/off;

asecond signal line for turning the second transistor on/off;

a third signal line for turning the fourth transistor on/off;

a fourth signal line for supplying the data signal electric
potential;

a fifth signal line for forming a capacitor in which the data
signal electric potential is retained; and

a sixth signal line,

the first transistor having (i) a control terminal which is
connected to the first signal line and (ii) a first conduc-
tion terminal which is connected to the fourth signal line,

the second transistor having (i) a control terminal which is
connected to the second signal line and (ii) a first con-
duction terminal which is connected to a second conduc-
tion terminal of the first transistor at a first connection
point,

the third transistor having (i) a control terminal which is
connected to a second conduction terminal ofthe second
transistor at a second connection point and (ii) a first
conduction terminal which is connected to the second
signal line,

the fourth transistor having (i) a control terminal which is
connected to the third signal line, (ii) a first conduction
terminal which is connected to a second conduction
terminal of the third transistor, and (iii) a second con-
duction terminal which is connected to the first connec-
tion point,

a first capacitor being formed between the first connection
point and the fifth signal line, a second capacitor being
formed between the second connection point and the
fifth signal line, and a third capacitor being formed
between the second connection point and the sixth signal
line.

7. A memory device according to claim 6, wherein:

in a writing period in which the data signal electric poten-
tial is written, the second signal line is kept active, and
the first signal line is selected while supplying the data
signal electric potential to the fourth signal line, and

in the data retention period, a constant electric potential
which turns the third transistor on is supplied to the
fourth signal line, the refresh operation is carried out by
making the third signal line active after making the first
signal line active once while the second signal line is
being kept non-active, and the sixth signal line is
changed from an active state to a non-active state after
the second signal line is made non-active and before the
third signal line is made active.

8. A liquid crystal display device comprising:

a memory device as set forth in claim 1;

a pixel electrode; and

a counter electrode,

the pixel electrode being connected to the first connection
point,

the first signal line functioning also as a scanning signal
line, and

the fourth signal line functioning also as a data signal line.

9. A memory-type liquid crystal display device which car-

ries out a refresh operation in a data retention period follow-
ing writing of a data signal electric potential, comprising:
data signal lines;

scanning signal lines;

retention capacitor wires;

data transfer lines;
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refresh lines;
pixel electrodes;
a counter electrode;
first transistors;
second transistors;
third transistors;
fourth transistors;
first capacitors;
second capacitors; and
third capacitors,
wherein each pixel electrode is associated with the first
transistors, the second transistors, the third transistors,
the fourth transistors, the first capacitors, the second
capacitors, and the third capacitors in such a manner that
(i) a first transistor associated with the pixel electrode
has a control terminal which is connected to a scanning
signal line associated with the pixel electrode, (ii) a
second transistor associated with the pixel electrode has
a control terminal which is connected to a data transfer
line associated with the pixel electrode, (iii) a third tran-
sistor associated with the pixel electrode has a control
terminal which is connected to the pixel electrode via the
second transistor, (iv) a fourth transistor associated with
the pixel electrode has a control terminal which is con-
nected to a refresh line associated with the pixel elec-
trode, (v) a first capacitor associated with the pixel elec-
trode is connected to the pixel electrode, (vi) a second
capacitor associated with the pixel electrode is con-
nected to the pixel electrode via the second transistor,
(vii) a third capacitor associated with the pixel electrode
is formed between (a) a conduction terminal of the third
transistor which conduction terminal is connected to the
data transfer line and (b) the control terminal of the third
transistor, and (viii) the pixel electrode is connected to a
data signal line associated with the pixel electrode via
the first transistor and is connected to the data transter
line via the fourth transistor and the third transistor.
10. The liquid crystal display device according to claim 9,
wherein:
in a writing period in which the data signal electric poten-
tial is written, the data transfer lines are kept active, and

the scanning signal lines are sequentially selected while
supplying the data signal electric potential to the data
signal lines.

11. The liquid crystal display device according to claim 10,
wherein, in the data retention period, a constant electric
potential which turns the third transistors on is supplied to the
data signal lines.

12. The liquid crystal display device according to claim 11,
wherein, in the data retention period, the refresh operation is
carried out by concurrently making the refresh lines active
after concurrently making the scanning signal lines active
once while the data transfer lines are being kept non-active.

13. The liquid crystal display device according to claim 12,
wherein electric potentials of connection points between (i)
conduction terminals of the second transistors and (ii) control
terminals of the third transistors are reduced by an electric
potential change caused by the third capacitors when the data
transfer lines are changed from an active state to a non-active
state.

14. The liquid crystal display device according to claim 13,
wherein an electric potential of the counter electrode is
switched between binary levels every time the refresh opera-
tion is carried out.
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15. The liquid crystal display device according to claim 14,
wherein both of the binary levels are larger than a minimum
value of the data signal electric potential and smaller than a
maximum value of the data signal electric potential.

16. The liquid crystal display device according to claim 9,
further comprising:

first capacitive electrodes connected to the respective pixel

electrodes;

second capacitive electrodes connected to the respective

pixel electrodes;

third capacitive electrodes connected to the respective

pixel electrodes; and
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retention capacitor wire extensions connected to the
respective retention capacitor wires;

the first capacitive electrodes overlapping the respective
retention capacitor wires via an insulating film so that
the first capacitors are formed,

the second capacitive electrodes overlapping the respective
retention capacitor wire extensions via the insulating
film so that the second capacitors are formed, and

the third capacitive electrodes overlapping the respective
data transfer lines via the insulating film so that the third
capacitors are formed.
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