FERROELECTRIC MEMORY DEVICE

The present invention relates to a ferroelectric memory
device that is not liable to cause a malfunction by applying an
electric field to the ferroelectric capacitor.

A ferroelectric memory device to realize nonvolate stored
data by using a ferroelectric material in the capacitor of the
memory cell has been proposed. The ferroelectric capacitor has a
hysteresis characteristic and thus a remanence having a different
polarity remains even when the electric field is zero, according
to the magnetic history. By expressing the stored data with a
remanence of the ferroelectric capacitor, a nonvolatile memory
device can be realized. .

Two kinds of ferroelectric memory devices are disclosed in
U. 8. Patenf No. 4,873,664. In the first type, a memory cell
comprises one transistor and one capacitor (1T1C). per one bit.
For example, one dummy memox;y cell (referemce cell) is comprised
for a block of 256 main body memory cells (normal cells).

| In thé secr:)nd-type, .a mez;lory cell coﬁprises two transistors
and two capacitors (2T2C) per one bit without having a dummy
memory cell. That is, one pair of complementafy data is stored
in one pair of ferroelectric capacitors.

"As examples of ferroelectric materials to form a capacitor,

KNOa, PbLaz0s-Zr0.-Ti0. and PbTiOxz-PbZr0a are known. A
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ferromagnetic material having a fatigue much smaller than that of
PbTiOs—PbZrOQ and thus suitable for a ferroelectric memory device
is disclosed in the official gazette of the PCT international
publication No. W093/12542.

According to the above mentioned 1T1C type ferroelectric
memory device in U. S. Patent No. 4,873,664, the dummy memory
cell capacitor has a capacity, namely an area, at least double
that of the main body memory cell capacitor. Besides, the main
body memory cell capacitor reverses polarity and returns to the
original polarity state, or keeps the original polarity state
without reversal according to the stored data at the time of the
readout. On the other hand, the dummy memory cell 'capacitor .
maintains the original polarity state without reversal regardless
of the stored data in the main body memory cell. That is, the
main body memory cell capacitor applies the voltage between the
electrodes in both the plus and minus polarities, whereas the
dummy. memory cell capacitor applies the 'voltage between the
electrodes always in one polarity.

fhe voltage'apﬁlied to the cell plate electrode of theimain
body memory cell capacitor, the voltage applied to the cell plate
electrode (dummy cell plate electrode) of the dummy memory cell
capacitor, the voltage applied to the word line connected to the
gate electrode of the main body memory cell transistor, and the

voltage applied to the word line (dumhy word line) connected to



the gate electrode of the dummy memory cell transistor are all 5
V¥, which is equal to the power source voltage.

In reading out the data, a voltage is applied to the word
line and the cell plate electrode at the same time. Besides,
regardless of stored data of the main body memory cell, after
switching the voltage of the cell plate electrode of the main
body memory cell capacitor off, the voltage of the word line and
the dummy word line is turned off and then the bit line is
precharged. Furthermore, when the voltage of the word line and
the dummy word line is turned off, the voltage of the cell plate
electrode of the dummy memory cell capacitor is -turned off at the
same time.

Since the word line is turned off in a conventional 1T1C
type ferroelectric memory device with the electric field remains
in the capacitor as mentioned above, the state in whi.ch the
electric field remains in the capacitor continues. As a
consequence, .the electric field stress 'is applied on the
capacitor, and thus particularly under conditions of high voltage
or high temperature, it provides- a factor in deterioréting the
capacitor. Moreover, when a potential the same as that of the
cell platés is applied to the bit line in order to eliminate the
residual electric field in the memory cell capacitor, the cell
plate potential may become négative ‘when the -driving ability of

the cell plate is small. In this case, the “L” data of the



memory cell capacitor connected to the <cell plate may be
destroyed.

Further, if the power source voltage is high, the electric
field on the memory <cell <capacitor deteriorates the
characteristics of the memory cell capacitor to cause a problem
in that the operating margin reduces. The above mentioned are
problems common to the 1T1C type and the 2T2C type.

An object of the present invention is to alleviate the
effect of the electric field applied to the ferroelectric
capacitor and prevent the malfunction of the ferroelectric memory
device.

A first configuration_of the ferroelectric memory devices of
the present invention comprises one pair of bit lines, a first
memory cell transistor, and a first ferroelectric capacitor

.
comnected to one of the pair of bit lines wvia the first memory
cell transistor so as to form a main body memory cel;, wherein
after applying a predetermined electric field to the first
ferroelectric capacitor, the electric field is ﬁade zero.

A second cgnfiguration éf the ferroeleﬁtric memory devices
of the present invention comprises first and second bit lines, a
first memory cell transistor, a first ferroelgctric capacitor
connected to the first bit line wvia the first memory cell
transistor so as to form-a main body memory cell, a second memory

cell transistor, a second ferroelectric capacitor connected to



the second bit line via the second memory cell transistor so as
to form a dummy memory cell, and a reset circuit. After applying
a predetermined electric field to the first ferroelectric
capacitor, the electric field is made zero wvia the first bit
line, and after applying an electric field to the second
ferroelectric capacitor, the electric field is made zero by the
reset circuit.

A third configuration of the ferroelectric memory devices of
the present invention comprises first and second bit lines, a
first memory cell transistor, a first ferroelectric capacitor
connected to the first bit line wvia the first memory cell
transistor.so as to form a main body memory cell, a second memory
cell transistor, and a second ferroelectric capacitor connected
to the second bit line via the second memory cell transistor.
After applying an electric field to the first and secoﬁd
ferroelectric capacitors, the electric fields are made zero via
thé first and secona bit lines. |

A fourth conflguratlon of the ferroelectric memory devices
.of the present invention comprises flrst and second blt llnes, a
first memory cell transistor, a first ferroelectric capacitor
connected to the first bit line via ‘the first memory cell
transistor so as to form a main body memory cell, a second memory
cell transistor and a second ferroelectric capacitor comnected to

the second bit line via the second memory cell transistor so as
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to form a dummy memory cell. After applying a predgtermined
electric field to the first and second ferroelectric capacitors,
the electric fields are made zerc via the first and second bit
lines.

A fifth configuration of the ferroelectric memory devices of
the present invention comprises first and second bit lines, a
first memory cell transistor, a first ferroelectric capacitor
connected to the first bit line wvia the first memory cell
transistor so as to form a main body memory cell, a second memory
cell transistor, and a second ferroelectric capacitor connected
to the second bit line wvia the second memory cell transistor so
as to form a dummy memory cell. After applying a predetermined
electric field to the first ferroelectric capacitor, the electric
field is made zero via the first bit line, and after applying an
electric field to the second ferroelectric capacitor to a first
direction, the electric field is made zero via the second bit
line so as not to have an electric field applied in a direcfi;n
opposite to the first direction.

According to  the » above ﬁentioﬁed | first to fiftﬁ
configurations of the present invention, by having an electric -
field made zero after applying the. electric field +to the
ferroelectric capacitor at the time of reading out, the electric
field stress to the capacitor is reduced and thus deterioration

of the capacitor can be alleviated.
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A sixth configuration of the ferroelectric memory devices of
the present invention comprises a pair of bit lines, a first
memory cell transistor, and a first ferroelectric capabitor
connected to one of the pair of bit lines via the first memory
cell transistor so as to form a main body memory cell, wherein
after making the electric field of the first ferroelectric
capacitor zero, a predetermined electric field is applied. By
making the electric field of the ferroelectric capacitor zero
before reading out, since the reading out operation can be.
conducted without a load applied on the capacitor, that is, only
with a polarization, and a short time retention examination can
be conducted.

A seventh configuration of the ferroelectric memory devices
of the preéent invention comprises first and second bit lines, a
first memory cell <transistor, a first ferroelectric capacitor
connected to the firs’.t bit line wvia the first memory cell
transistor so as to form a main body memory cell, a second memory.
cell transistor, a second ferroelectric capacitor comnected to
thé second bit line wvia the sécond memory ceil tré.nsistor, a
second ferroelectric capacitor connected to the second bit line
via the second memory ce.ll transistor, a third transistor, a
fourth transistor, a bit line precharge voltage source and a
fifth'- transistor. Thé first and _second_ bit lines are connected

to a bit line precharge voltage source via third .and .fourth
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transistors of which gate signals are a first controlling signal.
and are also connected with equalization via a fifth transistor
of which a gate éignal is a second controlling signal. When the
electric fieids are made zero via the first and second bit lines
after applying an electric field to the first and second
ferroelectric capacitors, the first and second bit lines are
connected to the bit line precharge power source with the first
controlling signal followed by the first and second bit lines
being connected with equalization.

By controlling the equalization and precharge of the bit
lines with different controlling signals, the risk of destroying
“L” data in the complementary data can be reduced in a 2T2C type
memory cell configuration.

An eighth configuration of the ferroelectric memory devices
of the present invention comprises first and second bit lines, a
first memory transistor, a -‘first ferroelectric capacitor
connécted fo the first bit line via the first memory cell.
transistor so as to form a main body memory cell, a second memory
cell transiétor, a second ferroelectric capacitor connected to
the second bit line via the second memory cell transistor, a bit
line precharge voltage source, a circuit to connect the first bit
line to the bit line precharge voltage source, and a circuit to

connect the second bit line to the bit line precharge voltage

_source. When the electric fields are made zero via the first and
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second bit lines after applying an electric field to the first .
and second ferroelectric capacitors, whichever of the first and
second bit lines which has a 1dgical voltage “L” is brought to
the floating state, and after connecting the other bit "line,
which has a logical voltage “H”, to the bit line precharge
voltage source, the bit line which has the logical voltage “L” is
connected to the bit line precharge voltage source.

By having the bit line with “L” data in the floating state
and the bit line with “H” data connected to the bit line
precharge voltage source, since the potential of the L data bit
line in the floating state lowers according to the decrease of
the potential of the cell plate to a level lower than the L
level, the risk of destroying the L data can be reduced.

| A ninth configuration of the ferroelectric memory devices of
the present invention comprises first and second bit lines, a
first memory cell transistor, a first ferroelectric capacitor
connected to the first bit line via the firét memory cell
transistor so as to form a main body memory cell, a second memory
cell franéistor, a secénd ferroelectric capacitor connected to
- the second bit line via the second memory cell transistor, a
first cell plate electrode connected to the first ferroelectric
capacitor, and a second cell plate electrode connected to the
second ferroelectric capacitor. In a 2T2C type memory cell

configuration, by ‘having cell plate eiectrodes as separate
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electrodes and driving circuits independently, since the
interaction of the éell plate electrodes can be eliminated, the
risk of destroying the L data can be reduced at the time of
making the electric fields zero.

A tenth configuration of the ferroelectric memory devices of
the present invention comprises first and second bit lines, a
first memory cell tramsistor, a first ferroelectric capacitor
connected to the first bit line wvia the first memory cell
transistor so as to form a main. body memory cell, a second memory
cell transistor, a second ferroelectric capacitor connected 'to
the second bit line via the second memory cell transistor, a
first word line, and a second word line. The gate of the first
memory cell tramsistor is connected to the first word line. The
gate of the s.econd memory cell transistor is connected to the
second word line. And both the first and second memory cell
transistors are turned on. Then after the first bit line assumes
the L level and the second bit line assumes the H level, the
second memory cell transistor is turned off and then the second
bit line changes from.the H level to the L level.

FIG. 1 is a diagram of the circuit configuration of a first
embodiment of the ferrodelectric memory devices of the present
invention;

FIG. 2 is a timing chart of the opération of the first

embodiment of the ferroelectric memory devices of the present
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invention;

FIG. 3 is a diagram of the circuit configuration of a
. second embodiment of the ferroelectric memory devices of the
present invention;

FIG. 4 is a timing chart of the operation of the second
embodiment of the ferroelectric memory devices of the present
invention;

FIG. 5 is a timing chart of the operation of the third
embodiment of the ferroelectric memory devices of the present
“invention;

FIG. 6 is a diagram of the circuit configuration of a
fourth embodiment of the ferroelectric memory devices of the
present invention;

FIG. 7 is a timing chart of the operation of the fourth
embodiment of the ferroelectric memory devices of the present
invention;

FiG. 8 is a diagram of the circuit configuration of a fifth
embodiment of the ferroelectric memory devices of the present
invention; . .

FIG. 9 is a timing chart of the operation of the fifth
embodiment of the ferroelectric memory devices of the present
invention;

FIG. 10 -is a diagram of the circuit configuration of a

sixth embodiment of the ferroelectric membry devices of the
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present invention;

FIG. 11 is a timing chart of the operation of the sixth
embodiment of the ferroelectric memory devices of the present
invention;

FIG. 12 is a diagram of the circuit configuration of a
seventh embodiment of the ferroelectric memory devices of the
present invention;

FIG. 13 is a timing chart of the operation of the seventh
embodiment of the ferroelectric memory devices of the present
invention;

FIG. 14 is a diagram of the circuit configuration of a
eighth embodiment of the ferroelectric memory devices of the
present invention;

FIG. 15 is a diagram of the circuit configuration of a
ninth embodiment of the ferroelectric memory devices of the
present invention; |

fIG. 16 ig a diagram of the circuit éonfigﬁration. of a
tenth embodiment of the ferroelectric memory devices of the
present invention; and .

FIG. 17 is a timing chart of the operation of the tenth
embodiment of the ferroelectric memory devices of the present
invention.

Hereinafter the present invention wili be further explained

with reference to embodiments and drawings.
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(First Embodiment)

A circuit configuration of a first embodiment of the
ferroelectric memory devices of the present invention is
illustrated in FIG. 1. The operation timing of this
ferroelectric memory device is shown in FIG. 2. The memory cell
of the ferroelectric memory device stores data of one bit with
one transistor and one ferroelectric capacitor.

In FIG. 1, WLO to WL 255 represent word lines; DWLO and DWL1
dummy word lines; BL and /BL bit lines; CP a cell plate
electrode; DCP a dummy cell plate electrode; BP a bit line
precharge controlling signal; DCRST a dummy memory cell data
initializing controlling signal; SAE a sense amplifier
controlling signal; VSS a ground voltage; SA a sense amplifier;
CO to €255 main body memory cell capacitors; DCO and DCl dummy
" memory cell capacitors; Qn0 to Qn255, QuDO to QuDl, QuRO to QuRl,
and.QnBPO to QnBP1 N channel type MOS transistorsi ngeinafter
QnO to Qné55 are cailéd méin 'body memory cell -transistors and
QnDO to QnD1 are called dummy memory cell tramsistors.

-‘In FIG. 1, bit lines BL, /BL are comnected to the sense
amplifier SA. The sense amplifier SA is controlled by the sense
amplifier controlling signal SAE. The first electrpde of the
dummy memory éell cqpacitor DCO.is conngcted to the bit line /BL
via the dummy memory cell transistor QnDO whose gate electrode is

connected to the dummy word line DWLD, and the second electrode
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thereof is connected to the dummy cell plate electrode DCP.

The first electrode of the dummy memory cell capacitor DC1
is connected to the bit line' BL via the dummy memory cell
transistor QnD1 whose gate electrode is connected to the word
line DWLi, and the second electrode thereof is connected to the
dummy cell plate electrode DCP. The first electrodes of the
dummy memory cell capacitors DCO, DCl1 are comnected to the ground
voltage VSS, which is the dummy memory cell data initializing
voltage, via the N chamnnel type MOS transistors QmnRO, QnmRl to
which gate electrode the dummy memory cell data initializing
controlling signal DCRST is applied.

In addition, the first electrode of the main body memory
cell capacitor CO is.connected to the bit line BL via the main
body memory cell transistor Qn0 whose gate electrode is comnected
to the word line WLO, and the second electrode thereof is
connected to the cell plate electrode CP. The first electrode of
the main body memory ceil capacitof €1 is conneéted fo the bif
line /BL via the main body memory cell tramnsistor Qnl whose gate
electrodé .is connected to the word line WL1, and the second
electrode thereof is connected to the cell plate electrode CP.

The operation timing of reading out the data stored in the
main body memo}y cell capacitor CO is illustrated in FIG. 2. As
the initial state, the bit 1ine precharge controlling signal BP

is made to.be a logical voltage “H” and accordingly the bit lines
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BL, /BL are made to be a logical voltage “L". Further, the word
lines WLO to WL255, the dummy word lines DWLO to DWL1, the cell
plate electrode CP, and the dummy cell plate electrode DCP are
made to be the logical woltage “L”. And the dummy memory cell
data imitializing controlling signal DCRST is made to be the
logical wvoltage “H” +to initialize the dummy memory cell
capacitors DCO and DC1.

Then by changing the bit line precharge controlling signal
BP to assume the logical voltage “L”, the bit lines BL, /BL come
into the floating state, and further by changing the dummy memory
cell data initializing controlling signal DCRST to assume the
logical voltage “L”, the first electrodes of the dummy memory
cell capacitors DCO and DC1 are in the floating state.

By changing the word line WLO, the dummy word line DWLO, the
cell plate electrode CP and the dummy ceil plate eiectrode DCP
are changed to the logical voltage “H", the data in the main body
memory cell capacitor CO are read out to the bit line BL, and the

data in the dummy memory cell capacitor DCO are read out to the

bit line /BL.

fhe sense amplifier controlling signal SAE is changed to the
logical voltage “H” to operate the sense amplifier SA. Then by
changing the cell plate electrode CP to the logical voltage “L”,
the data of the main quy meﬁorylcell'capacitor C0 are rewritten.

By changing- the dummy word line DWLO to lassumé the logical
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voltage “L”, the dummy memory cell capacitor DCO is detatched
from the bit 1line /BL. By changing the sense amplifier
controlling signal SAE to the logical voltage “L”, the operation
‘of the sense amplifier SA is stopped. By changing the bit line
precharge controlling signal BP to the logical voltage “H”, the
bit lines BL, /BL assume the ground voltage VSS.

In the above mentioned conditions the state in which an
electric field is not applied to the main body memory cell
capacitor CO can be achieved. Further, by changing the dummy
inemory cell data initializing controlling signal DCRST to the
logical voltage “H”, an electric field is applied to the dummy
memory cell capacitor DCO to restore the state of the dummy
memory cell capacitor DCO with certainty.

The dummy cell plate electrode DCP is changed to the logical
voltage “L” to make the- electric field applied on the dummy
memory cell capacitor DCO zero. Further, by changing the word
.li.ne RWLO to be thé logical voltage “L”, the main body memory cell
capacitor CO is detatched from the bit lines BL, /BL. With this
operation, reading out and rewriting of the data can be finished
in the state in which an electric field is not applied to the
main body memory cell capacitor CO and the dummy memory 4.3911
capacitor DCO. The circui’f; configuration and the operation
timing described herein represent just one example, and thus it

is sufficient if only the electric field on the memory cell
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capacitor satisfies the above mentioned relationship.

Features of the ferroelectric memory device of this
embodiment include that rewriting of the data is finished in the
state in which a load does not remain nor is an electric field
applied on the memory cell capacitor. If the word line is
changed to be the logical voltage “L” before precharging the bit
line to the ground voltage VSS, a load remains in the memory cell
capacitor and thus an electric field continues to be on the
memory cell capacitor until the load is eliminated by leakage or
some other reason. In this casé. the memory cell capacitor may
deteriorate.

For example, in a device which operates in a 200 x 107°
second cycle and with the time duration in which an electric
field is on the memory cell capacitor for 20 X 107° seconds, then
the time in which an electric field is applied on the memory cell
capacitor is 1/10 of the cycle and so the life of the capacitor
can extend to 10 times. The longer the operation cycle is, the
longer the life of the capacitor becomes. Furthermore, in a
conventional operation in which a load remains on the device, the
life is determined by the entire operation time regardless of the
cycie time.

(Second Embodiment)

In the firét embodiment, the fefroelectric memory cell

3

stores data of one bit with one transistor and one ferroelectric
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capacitér. On the other hand, the ferroelectric memory cell of a
second embodiment stores data of one bit with two transistors and
two ferroelectric capacitors so that complementary data are
stored in ferroelectric capacitors respectively. A circuit
configuration of the second embodiment of the ferroelectric
memory devices of the present invention is illustrated in FIG. 3.
The operation timing of this ferroelectric memory device is
shown in FIG. 4.

In FIG. 3, WLO to WL ‘255 represent word lines; BL and /BL
bit lines; CP a cell plate electrode; BP a bit line precharge
controlling signal; SAE a sense amplifier controlling signal; VSS
a ground voltage; SA a sense amplifier; CO to C255, COB to C255B
memory cell capacitors; Qn0 to Qn255, QnOB to Qn255B, QnBP0 to
QuBP2 N channel type MOS transistors.

In FIG. 3, bit lines BL, /BL are connected to fhe sense
amplifier SA. The sense amplifier SA is controlled by the semse
amplifiér controlling signal SAE. The first electrbde of the
memory cell capacitor CO is connected to the bit line BL via the
memory cell transistor Qun0 whose gate electroée is connected to
the word line WLO, and the second electrode thereof is connected
to the cell plate electrode CP. And the first electrode of the
memory cell capacitor COB, which is the companion to the memory
cell capacitor CO, is connected to the bit line /BL via the

memory cell transistor QnOB whose gate electrode is connected to -
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the word line WLO, and the second electrode thereof is comnected
to the cell plate electrode CP.

The comnections of the other memory cell capacitors Cl to
€255 and C1B to C255B are the same as the above mentioned memory
cell capacitors CO0 and COB. The bit lines BL,./BL are connected
by the N channel type MOS transistor QuBP2. The bit line BL and
the ground voltage VSS, .and the bit line /BL and the ground
voltage VSS are connected by the N channel type MOS transistors
QnBPO, QnBP2 respectively. The gate electrodes of the N channel
type MOS transistors QmnBP0 to QnBP1l are connected to the bit line
precharge controlling signal BP.

The operation timing of the ferroelectric memory device will
be explained with reference to the operation timing chart of FIG.
4. The bit line precharge controlling signal BP is made to
assume a logical voltage “H” and accordingly the bit lines BL,
/BL assume a logical voltage “L” to read out the data in the
nenory celi. Tﬁe word lines WLO ts WL255 and.the cell plate
electrode CP assume the ground voltage VSS, which is the logical
voltage “L”.

Then by changing the bit line precharge controlling signal
BP to assume the logical voltage “L”, the bit lines BL, /BL come
into the floating state, and fu¥ther by changing the word line
" WLO and the cell plate electrode CP to the logical voltage “H”,

the data in the main body memory cell capacitors CO, COB are read
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out to the bit lines BL, /BL. The sense amplifier controlling
signal SAE is changed to the logical voltage “H” to operate the
sense amplifier SA. Then by changing the cell plate electrode CF
to the logical voltage “L”, the data of the memory cell
'capacitors C0 and COB are rewritten.

By changing the word line WLO to assume the logical voltage
“L,”, the memory cell capacitors CO and COB are detatched from the
bit lines BL, /BL. With this operation, reading out and
rewriting the data can be finished in the state in which an
electric field is mnot applied on the main body memory cell
capacitors €0 and COB. The circuit configuration and the
operation timing described herein represents just one example,
and thus it is sufficient if only the electric field on the
memory cell capacitor satisfies the above mentioned relationship.
| Features of the ferroelectric memory device of this
embodiment include that rewriting of the data is finished in the
stéte in which a load does not remain nor is an electric field
applied on the memory cell capacitors as in the first embodiment.
That is, by shortening the time during which an electric field
is applied om the memory cell capacitors, the deterioration of
the memory cell capacitor can be prevented to prolong its life.

(Third Embodiment)

In the above mentioned second embodiment, the state in which

a load does not remain. in the memory cell capacitor was achieved
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after rewriting, whereas in the third embodiment, the state can
be realized before initiating reading out as well. As in the
second embodiment, the ferroelectric memory device of the third
embodiment stores data of one bit with two transistors and two
ferroelectric capacitors. A configuration like the first
embodiment in that the ferroelectric memory device stores data of
one bit with one transistor and one ferroelectfic capacitor can
be employed as well. Since the circuit configuration of the
ferroelectric memory device is the same as that of the second
embodiment illustrated in FIG. 3, details of the circuit are not
described herein.

The operation timing of the ferroelectric memory device will
be explained with reference to the operation timing chart of FIG.
5. The bit line precharge controlling signal BP is made to
assume a logical voltage “H” and accordingly the bit lines BL,
/BL assume a logical voltage “L” to read out the data in the
memory cell. The word 1lines WLO to WL255, the cell plate
electrpde CP assume the ground voltage VSS, which is the logical
voltage “L”.

Then by changing the word line WLO to the logical voltage
“H”, the memory cell capacitors and the bit lines are conneéted.
At the time, s‘incé the bit line precharge controlling signal BP

is sti;ll a. logical voitage “H” and the voltagé of the both

electrodes of the memory cell capacitors are the ground voltage
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VSS, an electric field is not applied. Then, by changing the bit
line precharge controlling signal BP to assume the logical
voltage “L”, the bit lines BL, /BL come into the floating state.

Then by changing the cell plate electrode CP to the logical
voltage “H"”, the data of the memory cell capacitors CO and COB
are read out to the bit lines BL and /BL. The sense amplifier
controlling signal SAE is changed to the logical wvoltage “H” to
operate the sense amplifier SA. Then by changing the cell plate
electrode CP to the logical voltage “L”, the data of the memory
cell capacitors CO and COB are rewritten.

By changing the sense amplifier controlling signal SAE to
assume the logical wvoltage “L”, the operation of the sense
amplifier SA is stopped. Then by changing the bit line precharge
controlling signal BP to the logical voltage “H”, the bit lines
BL, /BL assume the ground voltage VSS. The state in which an
electric field is not applied to the memory cell capacitors CO
and COB can be reglized. By changing the word line WLO to the
logical voltage “L”, the memory cell capacitors C0 and COB are
detatched from the bit lines BL, /BL. With this operation,
reading out and rewriting the data can be finished in the state
in which an electric field is not applied on the memory cell
capacitors CO and COB.

Features of the ferroelectric . MEemory device of this

embodiment include that rewriting of the data is finished in fhe
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state in which a load does not remain nor is an electric field
applied on the memory cell capacitors as in the second
embodiment. And further, since the electric field across the
electrodes of the memory cell capacitor is zero before reading
out the data, the voltage in the electrode in the floating state,
which is opposite to the cell plate electrode can be reset.
Thus, the data can be read out stably.

(Fourth Embodiment)

A circuit configuration of a fourth embodiment of the
ferroelectric memory devices of the present invention 1is
illustrated in FIG. 6. The operation timing of the ferroelectric
memory device is shown in FIG. 7. The memory cell of the
ferroelectric memory device stores data of one bit with one
transistor and one ferroelectric capacitor.

In FIG. 6, WLO to WL 255 represent word lines; DWLO to DWL1
dummy word lines; BL 'and /BL bit lines; CP a cell plate
electrode; DCP a dummy cell plate electrode; BP a bit line
precharge controlling signal; SAE a sense amplifier controlling
signal; VSS a ground voltage; SA a sense amplifier; CO to €255
main body memory cell capacitors; DCO teo DCl dummy memory cell
capacitors; Qmn0 to Qn255, QuD0O to QunDl, and QuBPO0 to QnBP1 N
channel type MOS transiétors. Hereinafter Qn0 to Qn255 are
called main body memory cell transistors and OnD0 to QnDl1 are

. called dummy memory cell tfahsistqfs.
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In FIG. 6, bit lines BL, /BL are connected to the sense
amplifier SA. The sense amplifier SA is controlled by the sense
amplifier controlling signal SAE. The first electrode of the
dummy memory cell capacitor DCO is connected to the bit line /BL
via the dummy memory cell tramnsistor QunD0 whose gate electrode is
connected to the dummy word line DWLO. The second electrode of
DCO is comnected to the dummy cell plate electrode DCP. The
first electrode of the dummy memory cell capacitor DCl1 is
connected to the bit line BL via the dummy memory cell transistor
QnD1 whose gate electrode is connected to the word line DWL1.
The second electrode of DC1 is connected to the dummy cell plate
electrode DCP.

In addition, the first electrode of the main body memory
cell capacitor CO is connected to the bit line BL via the main
body memory cell transistor Qn0 whose gate electrode is connected
to the word line WLO. The second electrode of CO is comnected to
the cell plate electroae CP. The first electrode of the main
body memory cell capacitor Cl1 is connected to the bit line /BL
via the main body memory cell tramsistor Qnl whose gate electrode
is connected to the word line WL1. The second electrode of Cl1 is
connected to the cell plate electrode CP.

Tye operation timing of reading out the data stored in the
main body memory cell capacitor CO is illustrated in FIG. 7. As,

. the initial state, the bii line precharge controlling signal BP

~
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is made to assume a logical voltage “H” and accordingly the bit
lines BL, /BL assume a logical voltage “L”. Further, the word
lines WLO to WL255, the dummy word lines DWLO to DWL1l, the cell
plate electrode CP, and the dummy cell plate electrode DCP assume
the logical voltage “L”.

By changing the bit line precharge controlling signal BP to
be the logical voltage “L”, the bit lines BL, /BL come into the
floating state. By changing the word line WLO, the dummy word
line DWLO, the cell plate electrode CP and the dummy cell plate
electrode DCP are changed to the logical voltage “H”, the data in
the main body memory cell capacitor CO- are read out to the bit
line BL, and the data in the dummy memory cell capacitor DCO are
read out to the bit line /BL.

The sense amplifier controlling signal SAE is changed to the
logical voltaéé “H” to operate.the sense amplifier SA. Then by
changing the cell plate electrode CP to the logical voltage *L”,
the data of the main body memory cell capaciior CO0 are rewritten.

By changing the sense amplifier controlling signal SAE to the
logical voltage “L”, the operation of the sense amplifier SA is
stopped. By changing the bit line precharge controlling signal
BP to the logical voltage “H”, the bit lines BL, /BL'are made to
assume the ground voltages VSS. In the above mentioned
conditions the state in which an electric field is not apﬁlied to

the main body memory .cell capacitor €0 can be achieved.
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" The dummy cell plate electrode DCP is changed to the logical
voltage “L” to make the electric field applied to the dummy
memory cell capacitor DCO zero. Further, by changing the word
line WLO and the dummy word line DWLO to the logical voltage “L”,
the main body memory cell capacitor CO0 and the dummy'memory cell
capacitor DCO are detatched from the bit line /BL. With this
operation, reading out and rewriting the data can be finished in
the state in which an electric field is not applied on the main
body memory cell capacitor GO0 and the dummy memory cell capacitor
DCO.

The circuit configuration and the operation timing described
herein represents just one example, and thus it is sufficient if
only the electric field on the memory cell capacitor satisfies
the above mentioned relationship. Further, a configuration in
combination with the above mentioned third embodiment to realize
the state in which an electric field is not applied on the both
electrodes of the memory cell capacitors before reading out the
information can be employed as well.

Features of‘ the ferroelectric -memory device of this
embodiment include that rewriting of the da?a is finished in the
state in which alload does not remain nor an electric field is
~applied on the memory cell capacitor as in the first embodiment.
However, although a controlling signal to initialize the dummy

memory cell data and an N channel type MOS transistor are
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necessary in the first embodiment, a circuit element for
initializing the dummy memory cell data is unnecessary in this
embodiment.

(Fifth Embodiment)

A circuit configuration of a fifth embodiment of the
ferroelectric memory devices of the present invention Iis
illustrated in FIG. 8, and the operation timing of the
ferroelectric memoré device is shown in FIG. 9. The memory cell
of the ferroelectric memory device includes independent bit line
precharge (BP) and bit line equialize (BP2) portionms.

In FIG. 8, bit lines BL, /BL are comnected to the sense
amplifier SA. The sense amplifier SA.is controlled by the sense
amplifier controlling signal SAE. The first electrode of the
memory cell capacitor CO is connected to the bit line BL via the
memory cell transistor Qn0 whose gate electrode is connected to
the word line WLO. The second electrode of CO is connected to
the cell plate electrode CP.

The first electrode of the memory cell capacitor COB, which
is the companion to thelmemory cell capacitor CO, is comnected to
the bit line /BL via the memory.cell_transistor Qn0B whose gate
electrode is comnnected to the word line WLO. The second
._electrpde of COB is connected to the cell-plaﬁe electrode CP.
The connections of the other memory cell capacitors C1 to (255

and C1B to C255B are the same as the. above mentioned memory cell
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capacitors CO and COB.

The bit lines BL, /BL are connected with the N channel type
MOS transistor QunBP2. The bit line BL and the ground voltage
vSS, and the bit line /BL and the ground voltage VSS are
connected with the N channel type MOS tramsistors QnBPO, QunBPl
respectively. The gate electrodes of the N channel type MOS
transistors OQnBPO and QnBP1 are connected to the bit line
precharge controlling signal BP, and the gate electrode of the N
channel type MOS transistor QnBP2 is connected.to the bit line
equalize controlling éignal BP2.

The operation timing of the ferroelectric memory device will
be eiplained with reference to the operation timing chart of FIG.
9. The bit linme precharge controlling signal BP and bit line
equalizing control signal BP2 are made to assume logical voltage
“H” and accordingly the bit lines BL, /BL assume. a logical
voltage “L” to read out the data in the memory cell. The word
lines WLO to WL255 and the cell plate'electrode CP are made to
assume the ground voltage VSS, which is the logical voltage “L”.
Then by changing the bit line precharge confrolling signals BP,
BP2 to be the logical voltage “L”, the bit lines BL, /BL come
into the floating state.

Then by changing the word line WLO and th9 cell plate
electrode CP to the logicai voltage “H”, the data in the memory

cell capaéitors C0,. COB are“réad out to the bit iines BL, /BL. .
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The sense amplifier controlling signal SAE is changed to the
logical voltage “H"” to operate the sense amplifier SA. Then by
changing the cell plate electrode CP to the logical voltage “L”,
the data of the memory cell capacitors G0 and COB are rewritten.
By changing the sense amplifier controlling signal SAE to the
logical voltage “L”, the operation of the sense amplifier SA is
then stopped.

By changing the bit line controlling signal BP to the
logical voltage “H”, the bit lines BL, /BL are made to be the
ground voltages VSS. In the above mentioned conditions the state
in which an electric field is not applied to the main body memory
cell capacitors CO and COB can be achieved. Then by changing the
word line WLO to the 1logical voltage “L”, the memory cell
capacitors C0 and COB are detatched from the bit lines BL, /BL.
With this operation, reading out and rewriting the data can be
finished in the state in which an electric field is not applied
on the main body memory cell capacitors CO0 and COB.

Further, by changing the bit line controlling signal BP2 to
the logical voltage “H”, the bit lines BL, /BL are equalized.
While the risk of a rise in the potential in the bit line, which
should be L at the time . of equalizing the bit lines EL, /BL,
exists to result in destrugtion of the L data if the bit line
precharge signal and the bit line equalize signal are the same,

as in the Second'embodiment, then the risk of,destfoyinglfhe L
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data may be reduced with this embodiment.

The circuit configuration and the operation timing described
herein represents just one example, and thus it is sufficient if
only the electric field on the memory cell capacitor satisfies
the above mentioned relationship.

(Sixth Embodiment)

A circuit configuration of a sixth embodiment of the
ferroelectric memory devices of the present invention is
illustrated in FIG. 10. And the operation timing of the
ferroelectric memory device is shown in FIG. 11. The memory cell
of the ferroelectric memory device comprises two independent bit
line precharge portions and has an H data bit line as the bit
line precharge voltage source with an L data bit line in the
floating state as in the first and fifth embodiments.

In FIG. 10, the first bit line precharge portion is the same
as that of the fifth embodiment. The bit line BL and tﬁe ground
voltage VSS, the bit line /BL and the ground voltage YSS are
connected by the N chammel type MOS transistors QnBPO, QnBP1,
respectively. The gate electrodes of the N channel type MOS
transistors QuBP0 to QunBP1 are connected +to the bit line
precharge controlling signal BP.

. In the second bit line precharge portion, the bit line BL
and the ground voltage VSS, and the bit iine /BL %nd_the.ground

éolﬁaée VSS arétconnected'with the N channel type MOS transistors .
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connected in series, QnBP3 and QunBP4, QnBP6 and QnBPS,
respectively. Th; gate of the N channel type MOS transistor
QnBP3 is comnnected to the bit line BL. The gate of the N channel
type MOS transistor QnBP6 is connected to the bit line /BL. The
gate electrode® of the N channel type MOS transistors QnBP4,
QuBP5 are connected to the bit line precharge controlling signal
BP3.

The operation timing of the ferroelectric memory device will
be explained with reference to the operation timing chart of FIG.
11. The bit line precharge controlling signal BP is made to
assume a logical voltage “H” and accordingly the bit lines BL,
/BL assume é logical voltage “L” to read out the data in the
memory cell. The word lines WLO to WL255, and the cell plate
electrode CP assume the ground voltage VSS, which is the logical
voltage “L”. Then by changing the bit line precharge controlling
signals BP, amd BPS to be the logical voltage “L”, the bit lines
BL, /BL come into the floating state.

By changing the word line WLO and the cell piate electrode
CP to the logical voltage “H”, the data in the memory cell
capacitors C0, COB are read out to the bit lines BL, /BL. The
sense amplifier controlling signal SAE is changed to the logical
voltage “H” to operate the sense amplifier SA. Then by changing
the cell plate electrode CP to the logical voltage “L”, the data

of the memory cell-capacitors_CO,and COB are rewritten.
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By changing the sense amplifier controlling signal SAE to
the logical voltage “L”, the operation of the sense amplifier SA
is stopped. By changing the bit line controlling signal BP3 to
the logical voltage “H”, only the H bit lines assume the ground
voltage VSS and L bit lines come into the floating state. In the
above mentioned conditions the state im which an electric field
is not applied to the memory cell capacitors CO and COB can be
achieved.

By changing the bit line controlling signal BP to the
logical voltage “H”, the bit lines BL, /BL are made to assume the
ground voltages VSS. Then by changing the word line WLO to the
logical voltage “L”, the memory cell capacitors CO and COB are
detatched from the bit lines BL, /BL. With this operation,
reading out and rewriting the data can be finished in the state
in which an electric field is not applied on the main body memory
cell capacitors CO and COB.

In this embodiment, since H data bit lines are precharged
after having L data bit lines in the floating state, the
potential of the electrode opposite to the memory cell plate of
the L data memory cell- changes according to the change of the
potential of the cell plate caused by noise. Therefore, since
the elgpt:iclfigld is so small, the risk of L data destruction is
reduced. |

(Seventh Embodiment)
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A circuit configuration of a seventh embodiment of the
ferroelectric memory devices of +the present invention Iis
illustrated in FIG. 12, and the operation timing of the
ferroelectric memory device is shown in FIG. 13. The memory cell
portion of the ferroelectric memory device comprises two
independent bit line precharge portions and has an H data bit
line as the bit line precharge voltage source with an L data bit
line in the floating state as in the sixth embodiment.

In FIG. 12, the first bit line precharge portion is the same
as that of the sixth embodiment. The bit line BL and the ground
voltage VSS, the bit line /BL and the ground voltage VSS are
comnected by the N channel type MOS transistors QmnBP0 and QnBP1,
respectively. The gate electrodes of the N channel type MOS
transistors QnBP0 and OQnBP1 are comnected to the bit line
precharge controlling signal BP.

In the second bit line precharge portion, the bit line BL
and the ground voltage VSS, the bit line /BL and the ground
voltage VSS are connected by the N channel type MOS transistors
connected in series, QnBP3 and QunBP4, QnBP6 and QuBP5,
respectively. The gate of the N channel type MOS transistor
QnBP3 is connected to a signal made by amplifying the bit line BL
with the sense amplifier through DL. The gates of the N channel
type MOS fransistors OnBP4, QunBP5 are connected to the bit line

precharge controlling signal BP3. - The gate of OQnBP6 is
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/BL with the sense amplifier.

The opération timing of the ferroelectric memory device will
be explained with reference to the operation timing chart of FIG.
13. The bit line precharge controlling signal BP and BP3 are
made to assume a logical voltage “H” and accordingly the bit
lines BL, /BL assume a logical voltage “L” to read out the data
in the memory cell. The word lines WLO to WL255 and the cell
plate electrode CP assume the ground voltage VSS, which is the
logical wvoltage “L”. By changing the bit line precharge
controlling signals BP and BP3 to be the logical voltage “L”, the
bit lines BL, /BL come into the floating state.

The gate controlling signal CS of the switch transistor
connecting the bit lines BL, /BL and the data lines DL, /DL is
made to assume the logical voltage “H” so as to connect the Bit
lines and the data lines. Then by changing the word line WLO and
the cell plate electrode CP to the lbgical voltage “H”, the data
in the memory cell capacitors CO, COB are read out to the bit
lines BL, /BL. The sense amplifier controlling signal SAE is
changed to the logical voltage “H”. to operate the_ sense amplifier
SA.

Then by changing the cell plate electrode CP to the logical
voltage “L”,. the _data'.of the memory cell c_apacifo.i;s co é_nd COB

are rewritten. .By changing the controlling ‘signal CS to the
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logical voltage “L", the sense amplifier SA is detatched from the
bit line. By changing the bit line controlling signal BP3 to the
logical wvoltage “H”, only the H bit lines assume the ground
voltages VSS and L bit lines come into the floating state. In
the above mentioned conditions the state in which an electric
field is not applied to the memory cell qapacitors C0 and COB can
be achieved.

By changing the bit line controlling signal BP to the
logical wvoltage “H”, the bit lines BL, /BL assume the ground
voltages VSS. Then by changing the word line WLO to be the
logical voltage “L”, the memory cell capacitors CO and COB are
detached from the bit lines BL, /BL. With this operation,
reading out and rewriting the data can be finished in the state
in which an electric field is not applied on the main body memory
cell capacitors CO and COB. Final_ly, by changing the sense
amplifier controlling signal SAE to the logical voltage “L”, the
operation of the sense amplifier SA is stopped.

In the above mentioned sixth embodiment, since the gate of
the transistor in the second bit 1line precharge portion is
connected to the bit line, the lower the bit 1line potential
becomes, the more difficult precharging the bit line becomes. On
the other hand, in this embodiment, since the potential of the
bit Iine is amplified with the semse amplifier and the data are

latched, a sufficient voltage is applied to the gate of the
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transistor of the second bit line precharge portion even when the
bit line potential is low. That is, the bit line can be
sufficiently precharged without suffering the effect of the
threshold of the transistor.

(Eighth Embodiment)

A circuit configuration of an eighth embodiment of the
ferroelectric memory devices of the preéent invention is
illustrated in FIG. 14. The circuit configuration of this
embodiment is similar to that of the second embodiment except
that the cell plate electrodes of the memory cell capacitor
comprising the complementary data are formed independently.
These independent cell plate electrodes are each driven with an
individual driver respectively.

In +this circuit configuration, since the cell plate
electrodes do not effect each other, the risk of destroying the L
data connected 10 the L bit lines is reduced in the operation of
ha@ing the H bit line become L and the electric field zero.

(Ninth Embodiment)

A circuit configuration of a ninth embodiment of the
ferroelectric memory devices of the present invention is.
illustrated in FIG. 15. The circuit configuration of ‘this
embodiment is similar to that of the eighth embodiment except
that“fhe independently formed cell plate electrodes of tﬁe memory

cell capacitor comprising the.complementary.daté are arranged.tp
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the word lines direction. |

In this circuit configuration,since the cell plate
electrodes do not effect each other, and the risk of destroying
the L data connected to the L bit lines is reduced in the
operation of having the H bit line become L and the electric
field zero. Concerning this effect, the smaller the number of
selected memory cells connected to one cell plate electrode is,
the greater the effect can be.

(Tenth Embodiment)

A circuit configuration of a tenth embodiment of the
ferroelectric memory devices of the present invention is
illustrated in FIG. 16, and the operation timing of the
ferroelectric memory device is shown in FIG. 17. In the
ferroelectric memory device of this embodiment, the word lines
are formed independent from the memory cell capacitor comprising
complementary data. By precharging H bit lines after turning off
L bit lines, the same effect as the eighth embodiment can be
achieved. That is, since the word 1lines of the memory cell
connected to the L bit lines are turned off, the L data in the
memory cell are not affected by the noise of the potential, and
thus are not liable to be destroyed. |

As heretofore mentioned, aqcprding to the present invention,
since the memory cell data are read out or written in the state

in which the electric field of the memory cell capaciton.is zero,
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an electric field stress is not applied on the capacitor and the
effect of the electric field on the ferroelectric capacitor is
alleviated to prolong the life of the device. Thus a
ferroelectric memory device with high reliability can be

obtained.
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Claims :

1. A ferroelectric memory device comprising first and second
bit lines, a first memory cell transistor,. and a first
ferroelectric capacitor connected to the first bit line via the
first memory cell transistor so as to form a main body memory
cell, wherein after applying an electric field to the first
ferroelectric capacitor, the electric field is made zero.

2. The ferroelectric memory device according to claim 1,
further comprising a second memory cell transistor, a second
ferroelectric capacitor connected to the second bit line via the
second memory cell transistor so as to form a dummy memory cell,
and a reset circuit,..wherein after applying a predetermined
electric field to the first ferroelectric capacitor, the electric
field is made zero via the first bit line, and after applying an
electric field to the second ferroelectric capacitor, the
electric field is made zero by the reset circuit.

3. The ferroelectric memory device according to claim 1,
further comprising a second memory cell transistor, and a second
ferroelectric capacitor connected to the second bit line via the
second memory cell tramsistor, wherein after applying an electric
field to the first and second ferroelectric capacitors, the
electric fields are made zero via the first and second bit lines.

4. The ferroelectric 'memory' device accprding to claim 1,

further comprising a second memory cell transistor and a second
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ferroelectric capacitor connected to the second bit line via the
second memory cell tramnsistor so as to form a dummy memory cell,
wherein after applying a predetermined electric field to the
first and second ferroelectric capacitors, the electric fields
are made zero via the first and second bit lines.

5. The ferroelectric memory device according to claim 1,
further comprising a second memory cell transistor, and a second
ferroelectric capacitor comnected to the second bit line via the
second memory cell transistor so as to form a dummy memory cell,
wherein after applying a predetermined electric field to the
first ferroelectric capacitor, the electric field is made zero
via the first bit line, and after applying an electric field to
the second ferroelectric capacitor to a first direction of
electric field, the electric field is made zero via the second
bit line so as not to ha%e an electric field applied to the
direction opposite to the first direction.

6. A ferroelectric memory device comprising a pair of bit
lines, a first memory cell transistor, and a first ferroelectric
capacitor connected to one of the pair of bit lines via the first
memory cell transistor so as to form a main body memory cell,
wherein after the electric field of the first ferroelectric
capacitor is made zero, a predetermined electric field is
applied.

7. A ferroelectric memory‘device compfising fir$t-and second
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bit lines, a first memory cell transistor, a first ferroelectric
capacitor connected to the first bit line via the first memory
cell transistor so as to form a main body memory cell, a second
memory c¢ell tramnsistor, a second ferroelectric capacitor
connected to the second bit line via the second memory cell
transistor, a third trénsistor, a fourth transistor, a bit line
precharge voltage source and a fifth transistor, wherein the
first and second bit lines are connected to the bit line
precharge voltage source via the third and fourth transistors of
which gate signals are a first controlling signal, and are also
connected with equalization wvia the fifth tramsistor of which
gate signal is a second coﬁtrolling signal, when the electric
fields are made zero via the first and second bit lines after
applying an electric field to the first and second ferroelectric
capacitors, the first and second bit lines are comnected to the
bit line precharge power source with the first controlling signal

followed by that the first and second bit lines are connected
with equalization. )

8. A ferroelectric memory device comprising first and second
bit lines, a first memory transistor, a first ferroelectric
capac?tor connected to the first bit line wvia the first memory
cell fransi;tor so as to fo;m a main body memory cell, a second
mémory cell transistor, a second ferroelectric bapacitor

connected to the second bit line via the second memory cell
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transistor, a bit line precharge voltage source, a circuit to
connect the first bit line to the bit line precharge voltage
source, and a circuit to connect the second bit line to the bit
line precharge voltage source, wherein when the electric fields
are made zero via the first and second bit lines after applying
an electric field to the first and second ferroelectric
capacitors, either of the first and second bit.lines which has a
logical voltage “L” is brought to the floating state, and after
connecting the other bit line which has a logical voltage “H” to
the bit line precharge voltage source, the bit line which has the
logical voltage “L” is comnnected to the bit line precharge
voltage source.

9. A ferroelectric memory device'comprising first and second
bit lines, a first memory cell tramsistor, a first ferroelectric
capacitor connected to tﬁe first bit line via the first memory
cell transistor so as to form a main body memory cell, a second
memory cell transistor, a second ferroelectric capacitor
connected to the second bit line via the second memory cell
transistor, a first cell plate elegtrode connected to the first
ferroelectric capacitor, and a second cell plate electrode
connected to the second ferroelectric capacitor.

10, A ferroe;ectric memory device comprising first and second
bit Iineé. a first memory cell transistor, a first ferroelectric

capacitor comnected to the first bit line via the first memory
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cell transistor so as to form a main body memory cell, a second
memory cell transistor, a  second ferroelectric capacitor
connected to the second bit line via the second memory cell
transistor, a first word line, and a second word line, wherein
after the gate of the first memory cell tramsistor is comnected
to the first word line, the gate of the second memory cell
transistor is connected to the second word line, both the first
and second memory cell transistors are turned on, and the first
bit line becomes on the L level and the second bit line becomes
on the H level, the second memory cell tramsistor is turned off

and then the second bit line changes from the H level to the L

levelf



