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1
SEMICONDUCTOR MEMORY DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor memory
device, and more particularly, to a semiconductor memory
device compatible with a SRAM and employing a ferroelec-
tric memory or a DRAM for a memory core thereof.

2. Description of the Background Art

In recent years, cellular phones have gained popularity
causing a high demand for a pseud-SRAM configured for
the cellular phones. Such a pseud-SRAM 1ncludes: an asyn-
chronous pseud-SRAM asynchronously operating with an
external input signal; a synchronous pseud-SRAM synchro-
nously operating with an external input signal such as an
external chip enable signal, and internally generating a clock
signal i chronological order for controlling an internal
operation; and the like. In order to enhance the degree of
integration, a DRAM or a ferroelectric memory (FeRAM:
terroelectric RAM) 1s used for a memory core of these
pseud-SRAMSs and they are mass-produced.

A pseud-SRAM configured as shown i FIG. 21 1s an
example of a conventionally used pseud-SRAM. The pseud-
SRAM shown 1n FIG. 21 receives data to be written when an
external write enable signal XWE rises, as illustrated 1n a

timing chart of FIG. 22.

Other examples of the pseudo-SRAM are: a pseud-SRAM
receiving data to be written 1 accordance with a falling

transition of an external write enable signal, as shown in

FIGS. 23 and 24 (see “Transistor Gijutsu SPECIAL” No. 25,
CQ Publishing Co., Ltd., Jan. 1, 1991, p. 23); a pseud-
SRAM of a late-write system (see Japanese Laid-Open
Patent Publication No. 2003-308692); a pseud-SRAM
receiving an address in accordance with a falling transition
of an external chip enable signal XCE, and the recerved
address may change 1ts value aiter a certain period of time 1s
passed (held) from the falling transition of the external chip

enable signal XCE, as shown in FIGS. 25 and 26 (see Japa-
nese Laid-Open Patent Publication No. 10-106275); and the
like.

However, the conventional pseud-SRAM has following
problems. In the conventional pseud-SRAM, one cycle com-
pletes when an address 1s received 1n synchronization with
an external chip enable signal XCE, and then data to be
written 1s recetved into a chip, as necessary, 1in accordance
with transitions of the external write enable signal XWE.
Under such a scheme, when a ferroelectric memory or a
DRAM causing a data destruction as a result of a read-out 1s
used for a memory core, a data rewrite operation becomes
necessary. When a time period for the data rewrite operation
1s considered, a cycle time becomes long, and thus, the con-
ventional pseud-SRAM 1is not suited for a high-speed input/
output of data.

Further, a synchronous pseud-SRAM capable of succes-
stvely transferring data at a high-speed has been proposed,
but, to achieve such a high-speed transier, a pin needs to be
separately provided for an external reference clock signal,
and therefore, a problem of compatibility with SRAM
emerges.

Further, although a time period to perform the rewrite
operation can be suiliciently provided by using a portion of a
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2

time period during which the external chip enable signal
XCE 1s taking an “H” level (time period for precharging) or
the like, 1f noise 1s generated in the external chip enable
signal XCE while precharging, a suificient precharge time
required for the rewrite cannot be ensured. In addition, 1f a
voltage drop due to a power cut occurs before a completion
of one cycle, a suilicient precharge time cannot be ensured,
thereby disabling a completion of the rewrite operation, in

SOme cases.

As such, when a rewrite operation 1s performed during the
precharge time for the external chip enable signal XCE,
there 1s a problem that a suilicient time period required for
the rewrite cannot always be ensured due to an external fac-
tor. When, particularly, a ferroelectric memory 1s used, data
retention 1s essential, and therefore, ensuring a suilicient

time period for a rewrite operation 1s important.

As described above, the conventional pseud-SRAM has
problems 1n data reliability and performing a high-speed
process. Also, 1n addition to the above problems, the pseud-
SRAM employing a ferroelectric memory has a problem 1n
noise tolerance and data retention in a case of a power cut.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide
a semiconductor memory device which employs a ferroelec-
tric memory or a DRAM for a memory core thereot, 1s com-
patible with a SRAM, and 1s capable of a high-speed data

transier operation while maintaining data reliability.

A first aspect of the present invention 1s directed to a
semiconductor memory device. The semiconductor memory
device comprises: a memory section including a memory
clement 1n which a stored content 1s destroyed as aresult of a
read-out; a timer control circuit for outputting a start signal
when either a first or a second signal takes an mnactive state
carlier than the other; a timer circuit for outputting a timer
signal for a predetermined period of time from when the start
signal 1s outputted; and a memory section control circuit for
activating the memory section during a time period from
when the first signal takes an active state to when the timer
signal stops being outputted, and performing a rewrite for
the memory section while the timer signal 1s being output-
ted.

A second aspect of the present invention 1s directed to a
semiconductor memory device. The semiconductor memory
device comprises: a memory section including a memory
clement in which a stored content 1s destroyed as aresult of a
read-out; a timer control circuit for outputting a start signal
when, 1n a data read-out operation, a first signal takes an
active state, or when, 1n a data write-1n operation, either the
first or a second signal takes an 1nactive state earlier than the
other; a timer circuit for outputting a timer signal for a pre-
determined period of time from when the start signal 1s out-
putted; and a memory section control circuit for activating,
the memory section during a time period from when the first
signal takes the active state to when the timer signal stops
being outputted, and performing a rewrite for the memory
section while the timer signal 1s being outputted.

It 1s preferable that the timer control circuit output the
start signal even when a supplied power supply voltage
detection signal indicates a reduction 1in a power supply volt-
age.

Further, 1t 1s preferable that the first signal be an external
chip enable signal, and the second signal be an external write
cnable signal.

Further, 1t 1s preferable that, while the timer signal 1s
being outputted, the timer control circuit prevent an external
signal from being inputted.
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Further, 1t 1s preterable that the semiconductor memory
device of the present invention further comprise: an opera-
tion control circuit for receiving the second signal when the
first signal takes an active state, and determining whether an
operation to be performed 1s a data read-out or a data write-
in 1n accordance with the received second signal; and an
access circuit for accessing to the memory section 1n accor-
dance with the operation determined by the operation con-
trol circuat.

In this case, 1t 1s preferable that the access circuit access,
alter a predetermined period of time 1s elapsed from a transi-
tion of the first signal, to the memory section 1n accordance
with either a transition of the second signal from the 1mactive
state to the active state or a transition of the second signal
from the active state to the inactive state.

Further, the first signal may be an external chip enable
signal, and the second signal may be an external output
enable signal.

Further, in the semiconductor memory device of the
present invention, when the second signal performs a transi-
tion within a predetermined period of time from when the
first signal takes the active state, an access to the memory
section may be controlled by a signal generated by an inter-
nal circuit.

Alternatively, in the semiconductor memory device of the
present invention, when the second signal performs a transi-
tion aiter the predetermined period of time from when the
first signal takes the active state, the access to the memory
section may be controlled by an externally inputted signal.

Further, it 1s preferable that the memory section include: a
sense amplifier for recerving data read out from the memory
clement; and a switch for disconnecting between the sense
amplifier and the memory element, and the switch opens
after the data read out from the memory element 1s recerved
into the sense amplifier.

In this case, it 1s preferable that the timer circuit output the
timer signal after the switch opens.

Further, 1t 1s preferable that the memory element include a
terroelectric cell.

Alternatively, the memory e¢lement may include a
dynamic cell.

According to the semiconductor memory device of the
present mmvention, a data rewrite for the memory section 1s
performed while the timer circuit 1s outputting the timer
signal, and therefore, a suificient time period for the rewrite
1s ensured, thereby enhancing reliability in data retention.

Also, when the power supply voltage detection signal
indicates a reduction 1n the power supply voltage, the timer
control circuit outputs the start signal for performing the
rewrite, and therefore, the data rewrite can be performed
before the power supply voltage 1s reduced to equal to or
lower than a certain value, thereby protecting data 1n a case
where the power supply voltage 1s reduced.

Also, during the rewrite for the memory section, an exter-
nal signal input 1s prevented, and therefore, the rewrite will
not be interrupted due to noise contained in the external
signal, thereby enhancing reliability 1n data retention.

Also, according to the semiconductor memory device of
the present mvention, a data read-out or a data write-in in
synchronization with an external signal i1s possible, thereby
enabling a high-speed data input/output.

Also, the data read-out or the data write-1n 1n synchroniza-
tion with a signal inputted from a SRAM 1s possible, thereby
allowing to provide a high-speed semiconductor memory
device compatible with a SRAM.
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4

Also, the semiconductor memory device of the present
invention can switch between an operation controlled by an
internal circuit and an operation controlled by an external
signal, allowing a switching of operations depending on an
intended purpose, and thereby increasing a level of conve-
nience.

Also, the semiconductor memory device of the present
invention can receive the read out data into the sense
amplifier, allowing to disconnect between a bit line and a
memory element having a large amount of load and the
sense amplifier, and thereby enabling a high-speed data
input/output.

These and other objects, features, aspects and advantages
ol the present invention will become more apparent from the
following detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a configuration diagram of a semiconductor
memory device according to a first embodiment of the
present invention;

FIG. 2 1s a timing chart illustrating a read-out operation of
the semiconductor memory device shown in FIG. 1;

FIG. 3A 1s a timing chart 1llustrating a write-in operation,
in the semiconductor memory device shown in FIG. 1, 1n
synchronization with an “H” transition of an external chip

enable signal XCE;

FIG. 3B 1s a timing chart illustrating a write-in operation,
in the semiconductor memory device shown in FIG. 1, 1n
synchronization with an “H” transition of an external write

[ 1

enable signal XWE;

FIG. 4 1s an alternative configuration diagram of the semi-
conductor memory device according to the first embodiment
of the present invention;

FIG. 5 1s a timing chart 1llustrating a read-out operation of
the semiconductor memory device shown 1n FIG. 4;

FIG. 6 1s a still alternative configuration diagram of the
semiconductor memory device according to the first
embodiment of the present invention;

FIG. 7A 1s a timing chart illustrating a read-out operation
of the semiconductor memory device shown in FIG. 6;

FIG. 7B 1s a ttiming chart illustrating a write-1n operation
of the semiconductor memory device shown 1n FIG. 6;

FIG. 8 1s a still alternative configuration diagram of the
semiconductor memory device according to the first
embodiment of the present invention;

FIG. 9 1s a timing chart 1llustrating a read-out operation of
the semiconductor memory device shown 1n FIG. 8;

FIG. 10 1s a still alternative example of the semiconductor
memory device according to the first embodiment of the
present invention;

FIG. 11 1s a timing chart 1llustrating a write-in operation
of the semiconductor memory device shown 1in FIG. 10;

FIG. 12 1s a configuration diagram of a semiconductor
memory device according to a second embodiment of the
present invention;

FIG. 13 1s a ttiming chart illustrating a read-out operation
of the semiconductor memory device shown 1n FI1G. 12;

FIG. 14 1s a timing chart i1llustrating a write-1n operation
of the semiconductor memory device shown 1n FI1G. 12;

FIG. 15 1s an alternative configuration diagram of the
semiconductor memory device according to the second
embodiment of the present invention;
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FIG. 16 A 1s a timing chart illustrating a read-out operation
of the semiconductor memory device shown 1n FIG. 15;

FIG. 16B 1s a timing chart illustrating a write-in operation
of the semiconductor memory device shown in FIG. 15;

FIG. 17A 1s a timing chart illustrating an alternative read-
out operation of the semiconductor memory device shown 1n

FIG. 15;

FIG. 17B 1s a timing chart illustrating an alternative write-
in operation of the semiconductor memory device shown 1n

FIG. 15;

FIG. 18 1s a still alternative configuration diagram of the
semiconductor memory device according to the second
embodiment of the present invention;

FIG. 19A 1s a timing chart illustrating a read-out operation
ol the semiconductor memory device shown 1n FIG. 18;

FIG. 19B 1s a timing chart illustrating a write-1n operation
ol the semiconductor memory device shown in FIG. 18;

FI1G. 20 1s a timing chart illustrating a read-out operation
of the semiconductor memory device shown in FI1G. 18;

FIG. 21 1s a configuration diagram of a conventional
pseud-SRAM;

FIG. 22 1s a timing chart 1llustrating an operation of the
pseud-SRAM shown 1n FIG. 21;

FIG. 23 1s a configuration diagram of a conventional
pseud-SRAM;

FIG. 24 1s a ttiming chart illustrating an operation of the
pseud-SRAM shown 1n FIG. 23;

FIG. 25 1s a configuration diagram of a conventional
pseud-SRAM; and

FIG. 26 1s a timing chart 1llustrating an operation of the
pseud-SRAM shown 1n FIG. 25.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

First Embodiment

Hereinatiter, with reference to the drawings, a semicon-
ductor memory device according to a first embodiment of
the present invention 1s described. FIG. 1 1s a diagram 1llus-
trating a configuration of the semiconductor memory device
according to the present embodiment.

The semiconductor memory device shown i FIG. 1
includes: a memory core 6; a rewrite timer 7, a memory core
control circuit 8; mput butler circuits 9 and 13; transition
edge detection circuits 10, 11, and 15; an internal chip
enable signal generation/latch circuit 12; an internal write
enable signal generation circuit 14; a read/write control cir-
cuit 16; a data access circuit 17; and a rewrite timer control
circuit 18.

The memory core 6 1s a ferroelectric memory including
memory cells 1, cell plates 2, word lines 3, bit lines 4, and
sense amplifiers 4. The memory cell 1 1s a memory cell
having a ferroelectric material on a capacitor imsulating film.
The cell plate 2 1s provided to write data to the memory cell
1. The word line 3 and the bit line 4 are provided to select
one of the memory cells 1 from among the memory cells 1,
and to read and/or write data. The sense amplifier 5 1s an
amplification circuit for amplifying the data read out via the
bit line 4.

The mput buifer circuits 9 and 13 are buifer circuits for an
external chip enable signal XCE and an external write enable
signal XWE externally mputted to the semiconductor
memory device shown in FIG. 1, respectively. The transition
edge detection circuits 10 and 11 respectively detect falling
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6
and rising transitions of the external chip enable signal XCE.

The transition edge detection circuit 15 detects rising transi-
tions of the external write enable signal XWE.

The internal chip enable signal generation/latch circuit 12
generates, when a falling transition of the external chip
enable signal XCE 1s detected by the transition edge detec-
tion circuit 10, an internal chip enable signal INTCE, and
outputs the generated internal chip enable signal INTCE to
the memory core control circuit 8 and the internal write
enable signal generation circuit 14.

The internal write enable signal generation circuit 14
receives, 1n addition to the internal chip enable signal
INTCE, the external write enable signal XWE outputted
from the input buifer circuit 13. The internal write enable
signal generation circuit 14 generates an internal write
ecnable signal INTWE 1n response to the inputted external
write enable signal XWE, and outputs the generated internal
write enable signal INTWE to the read/write control circuit
16 and the rewrite timer control circuit 18.

When a rising transition of the external chip enable signal
XCE 1s detected by the transition edge detection circuit 11,
or when a rising transition of the external write enable signal
XWE 1s detected by the transition edge detection circuit 15,
the rewrite timer control circuit 18 activates the rewrite timer
7. The activated rewrite timer 7 outputs a timer signal to the
memory core control circuit 8. The memory core control
circuit 8 rewrites data to the memory core 6 while the timer
signal 1s being inputted.

The read/write control circuit 16 receirves the internal
write enable signal INTWE outputted by the internal write
enable signal generation circuit 14. The read/write control
circuit 16 controls, 1n accordance with the inputted internal
write enable signal INTWE, a read-out operation or a write-
in operation performed for the memory core 6. The read-out
or the write-1n operation for the memory core 6 1s performed
via the data access circuit 17.

Heremafiter, an operation of the semiconductor memory
device according to the present embodiment 1s described
with reference to the drawings. FI1G. 2 1s a timing chart i1llus-
trating a read-out operation of the semiconductor memory
device according to the present embodiment. FIGS. 3A and
3B are timing charts each 1llustrating a write-in operation of
the semiconductor memory device according to the present
embodiment.

-

T'he data read-out and the data write-1n are performed 1n
the semiconductor memory device of the present embodi-
ment as follows. When a falling transition (hereinafter,
referred to as an “L” transition) of the external chip enable
signal XCE 1s detected by the transition edge detection cir-
cuit 10, the internal chip enable signal generation/latch cir-
cuit 12 generates an iternal chip enable signal INTCE, and
outputs the internal chip enable signal INTCE to the
memory core control circuit 8. When the internal chip enable
signal INTCE 1s inputted, the memory core control circuit 8
1s activated, and prepares to access to the memory core 6.

Also, the semiconductor memory device of the present
embodiment receives an external write enable signal XWE
and an external address signal ADD 1n synchronization with
the “L” transition of the external chip enable signal XCE.
The semiconductor memory device determines whether a
read-out or a write-1n operation 1s to be performed 1n accor-
dance with the level of the external write enable signal
XWE, and outputs, from the internal write enable signal
generation circuit 14, an internal write enable signal INTWE
indicating the read-out or the write-in operation. Further, the

semiconductor memory device of the present embodiment
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selects a desired memory cell 1 1n the memory core 6 1n
accordance with the received external address signal ADD,
and accesses to the memory core 6 via the read/write control
circuit 16 and the data access circuit 17.

Whether a read-out or write-in operation 1s to be per-
formed 1s determined as follows. When the external chip
enable signal XCE 1s 1n the “L” transition, if the external
write enable signal XWE 1s at an “H” level, a read-out opera-
tion 1s to be performed, and if the external write enable sig-
nal XWE 1s at an “L” level, a write-in operation 1s to be
performed.

In a read-out operation, data DOU'T 1s outputted from the
memory cell 1 1n synchronization with an “L” transition of
an external output enable signal XOE, as shown in FIG. 2.

The memory core 6 1s a ferroelectric memory, and
therefore, a data read-out from the memory core 6 1s a
destructive read-out thereby requiring a rewrite of the read
out data. Accordingly, the semiconductor memory device of
the present embodiment activates, after data 1s readout from
the memory cell 1, the rewrite timer 7 1n synchronization
with a rising transition (hereinafter, referred to as an “H”
transition) of the external chip enable signal XCE, and
rewrites, concurrent with or after the output of the data
DOUT, the data read out from the memory cell 1 to the
memory cell 1.

Thereafter, with a completion of an operation of the
rewrite timer 7, the rewrite for the memory cell 1 ends. Then,
the internal chip enable signal generation/latch circuit 12
inactivates (“L” transition) the internal chip enable signal
INTCE to end the chip operation.

On the other hand, 1n a write-in operation, an external
input data signal DIN 1s received in synchronization with an
“H” transition of the external write enable signal XWE, as
shown 1 FIGS. 3A and 3B, and then written to a memory
cell 1 specified by the external address signal ADD.

When performing a data write for the ferroelectric
memory, to ensure an accurate data write, a data rewrite for
the memory cell 1 1s also required. This rewrite operation
subsequent to the operation of the data write 1s performed by
activating the rewrite timer 7 in synchronization with either
the “H” transition (FIG. 3A) of the external chip enable sig-
nal XCE or the “H” transition (FIG. 3B) of the external write
enable signal XWE occurring earlier than the other. The rea-
son for the above 1s that the semiconductor memory device
of the present embodiment 1s configured such that the exter-
nal mput data signal DIN 1s recerved in synchronization with
cither the “H” transition of the external chip enable signal
XCE or the “H” transition of the external write enable signal
XWE occurring earlier than the other.

Thereafter, similar to the read-out operation, the rewrnite
for the memory cell 1 ends with a completion of the opera-
tion of the rewrite timer 7. Finally, the internal chip enable
signal INTCE 1s mactivated to end the chip operation.

As described above, the semiconductor memory device of
the present embodiment activates the rewrite timer 7 during,
or after a data read, or otherwise after a data write, to rewrite
data to the memory cell 1. Consequently, a sufficient time
period for a rewrite operation 1s ensured, thereby enhancing,
reliability 1n data retention.

Next, an alternative example of the semiconductor
memory device according to the present embodiment 1s
described. FIG. 4 1s a diagram illustrating the alternative
example of the semiconductor memory device according to
the present embodiment. The difference between the semi-
conductor memory device shown 1n FI1G. 4 and that shown 1n
FIG. 1 1s that, in the semiconductor memory device shown 1n
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FIG. 4, an mternal chip enable signal INTCE 1s 1mnputted to
the rewrite timer control circuit 18.

FIG. 5 1s a timing chart 1llustrating a read-out operation of
the semiconductor memory device shown in FIG. 4. In the
read-out operation, the semiconductor memory device
shown 1n FIG. 4 activates the rewrite timer 7 in synchroniza-
tion with the internal chip enable signal INTCE for perform-
ing a rewrite concurrently with an output of data DOUT. As
such, the semiconductor memory device of the present
embodiment may start a rewrite operation in synchroniza-
tion with an internal chip enable signal INTCE 1nstead of an
external chip enable signal XCE, namely, using internal tim-
ings. Note that a rewrite operation to the memory cell 1 after
a write-in operation 1s similarly performed to that 1llustrated
in FIG. 3B, and therefore, a description thereof 1s omitted.

The semiconductor memory device ol the present
embodiment may be configured as shown i1n FIG. 6. The
difference between the semiconductor memory device
shown 1n FIG. 1 and that shown in FIG. 6 1s that, in the
semiconductor memory device shown in FIG. 6, a power
supply voltage detection signal 1s inputted to the read/write
control circuit 16 and the rewrite timer control circuit 18.

The semiconductor memory device shown i FIG. 6 1s
configured in consideration of a case where a power supply
voltage 1s reduced before completion of operations caused
by externally inputted signals. More specifically, the semi-
conductor memory device shown 1 FIG. 6 performs a
rewrite operation before the power supply voltage 1s reduced
to equal to or lower than a certain value, thereby protecting
data stored 1n the memory cell 1.

FIGS. 7A and 7B are timing charts of the semiconductor
memory device shown in FIG. 6. In the semiconductor
memory device shown in FIG. 6, when the power supply
voltage 1s reduced to equal to or lower than the certain value
during a read-out operation (FIG. 7A) or a write-in operation
(F1G. 7B), the power supply voltage detection signal per-
forms an “L” transition, and the rewrite timer 7 1s activated
in synchronization with the “L” transition of the power sup-
ply voltage detection signal. By activating the rewrite timer 7
with such a timing to rewrite data, a data protection in the
case of the power supply voltage reduction 1s performed.

A configuration of the semiconductor memory device

configured 1n consideration of the power supply voltage
reduction for the semiconductor memory device shown in
FIG. 4 1s 1llustrated in FIG. 8. The difference between the
semiconductor memory device shown in FIG. 4 and that
shown 1n FI1G. 8 1s that, 1n the semiconductor memory device
shown 1n FI1G. 8, the power supply voltage detection signal 1s
inputted to the rewrite timer control circuit 18.

FIG. 9 1s a timing chart 1llustrating a read-out operation of
the semiconductor memory device shown in FIG. 8. In the
semiconductor memory device shown in FIG. 8, when the
power supply voltage 1s reduced to equal to or lower than the
certain value during a read-out operation, a rewrite 1s per-
formed 1n synchronization with the internal chip enable sig-
nal INTCE, as shown 1in FIG. 9, and not 1n synchromization
with a transition of the power supply voltage detection sig-
nal. In a write-1n operation, on the other hand, a rewrite 1s
performed 1n synchronization with the “L” transition of the
power supply voltage detection signal 1n a similar manner as
performed 1n the semiconductor memory device shown in
FIG. 6. A timing chart of the semiconductor memory device
shown 1n FIG. 8 for a write-in operation 1s similar to that
shown in FIG. 7B, and therefore, a detailed description
thereof 1s omitted.

The semiconductor memory device of the present
embodiment may be configured as shown i FIG. 10. The
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difference between the semiconductor memory device
shown 1n FIG. 6 and that shown 1in FIG. 10 1s that, in the
semiconductor memory device of FIG. 10, a reception
completion signal 1s outputted from the read/write control
circuit 16 to the rewrite timer control circuit 18. The recep-
tion completion signal 1s outputted, during a write-1n
operation, after an external input data signal DIN 1s trans-
terred to the bit line 4 via the sense amplifier 5.

FIG. 11 1s a timing chart illustrating a write-1n operation
performed by the semiconductor memory device shown in
FIG. 10. If, while data 1s being recerved from an external
source, the power supply voltage i1s reduced to equal to or
lower than the certain value and the power supply voltage
detection signal performs an “L” transition, the semiconduc-
tor memory device shown 1n FIG. 10 recerves the data into
the sense amplifier 5, transiers the data from the sense
amplifier 5 to the bit line 4, and then outputs the reception
completion signal to the rewrite timer control circuit 18 for
activating the rewrite timer 7. By performing a rewrite after
data 1s transferred to the bit line 4 as described above, reli-
ability 1n data retention can be enhanced.

In all of the examples of the semiconductor memory
device of the present embodiment, a rewrite operation 1s
internally completed, and an external signal 1s not mnputted
during the rewrite because, when the rewrite operation 1s
started, a rewrite operation signal 1s outputted from the
rewrite timer control circuit 18 to the internal chip enable
signal generation/latch circuit 12, and the internal chip
cnable signal generation/latch circuit 12 thereby stops
receiving an external signal. As such, the rewrite operation
can be prevented from being interrupted due to noise con-
tained 1n an external input signal, thereby allowing to ensure
a suilicient time for the rewrite. Accordingly, reliability 1n
data retention 1n the semiconductor memory device can be

enhanced.

As described above, the semiconductor memory device of
the present embodiment 1s a semiconductor memory device
which 1s compatible with an mput/output scheme used by an
asynchronous SRAM, and which activates, during or after a
data read-out operation, or otherwise after a data write-1n
operation, the rewrite timer 7 for performing a data rewrite
for the memory cell 1. By using the above-described method
for a data rewrite, the semiconductor memory device of the
present embodiment can ensure a sullicient time for the
rewrite operation, whereby reliability in data retention can
be enhanced. Also, by using a power supply voltage detec-
tion signal, the semiconductor memory device of the present
embodiment activates the rewrite timer 7 for performing a
data rewrite. Accordingly, the data rewrnte 1s performed
betfore a power supply voltage 1s reduced to equal to or lower
than a certain value, thereby protecting data in a case of a
power supply voltage reduction.

Also, 1n the semiconductor memory device of the present
embodiment, a ferroelectric memory 1s employed for a
memory core, thereby being compatible with a SRAM and
still enabling to provide a semiconductor memory device
more highly integrated than the SRAM.

Second Embodiment

Hereinatter, a semiconductor memory device according to
a second embodiment of the present invention 1s described
with reference to the drawings. FIG. 12 1s a diagram 1illus-
trating a configuration of the semiconductor memory device
of the present embodiment.

The semiconductor memory device of the present
embodiment 1s a semiconductor memory device, of the first
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embodiment, shown in FIG. 10, having a transition edge
detection circuit 19 and a latch circuit 20 added thereto. The
transition edge detection circuit 19 detects a falling transi-
tion of an external write enable signal XWE. The latch cir-
cuit 20 recerves and retains the external write enable signal
XWE.

Hereinatter, an operation of the semiconductor memory
device according to the present embodiment 1s described
with reference to the drawings. FIGS. 13 and 14 are timing
charts respectively illustrating a read-out and a write-in
operation of the semiconductor memory device of the
present embodiment.

In the semiconductor memory device of the present
embodiment, a data read and a data write are performed as
follows. When the transition edge detection circuit 10
detects an “L” transition of an external chip enable signal
XCE, the mternal chip enable signal generation/latch circuit

12 generates an internal chip enable signal INTCE, and out-
puts the internal chip enable signal INTCE to the memory
core control circuit 8. The memory core control circuit 8 1s
activated when the internal chip enable signal INTCE 1s
inputted, and prepares to access to the memory core 6.

Also, the semiconductor memory device of the present
embodiment receives the external write enable signal XWE
in synchronization with the “L” transition of the external
chip enable signal XCE, and retains the recerved external
write enable signal XWE 1n the latch circuit 20.

In the semiconductor memory device of the present
embodiment, it 1s determined whether a read-out or a write-
in operation 1s to be performed based on the level of the
external write enable signal XWE stored, 1n the latch circuit
20, 1n synchronization with the “L” transition of the external
chip enable signal XCE. The operation determined in the
above remains unchanged until the external chip enable sig-
nal XCFE takes on an “H” level. In other words, either the
read-out or the write-in operation determined 1n the above
does not change according to subsequent transitions of the
external write enable signal XWE unless the external chip
enable signal XCE takes on an “H” level.

Also, the semiconductor memory device of the present
embodiment recerves row address Al 1n an external address
signal (external ADD) 1n synchronization with the “L” tran-
sition of the external chip enable signal XCE, and accesses
to the memory core 6 via the read/write control circuit 16
and the data access circuit 17.

Thereafter, the semiconductor memory device of the
present embodiment performs the data read-out or the data
write-in 1 synchronization with transitions of the external
write enable signal X WE. Heremafter, these operations are

described.

In the read-out operation, in synchronization with “L”
transitions ol the external write enable signal XWE, column
addresses A2 to A4 1n the external address signal are respec-
tively recerved (see FI1G. 13). On the other hand, 1n the write-
in operation, 1n synchronization with “H” transitions of the
external write enable signal XWE, column addresses A6 to
A8 and external input data signals D6 to D8 (DIN) are
respectively recetved (see FIG. 14).

Also, 1n the read-out operation, the word line 3 1s desig-
nated based on the received row address, and data 1s mitially
readout, to the sense amplifier 5, from the memory cell 1
connected to the designated word line 3. Thereafter, 1n syn-
chronization with the “L” transitions of the external write
enable signal XWE, data D2 to D4 in the memory cells 1
respectively corresponding to the column addresses are
respectively read out from the sense amplifier 5 (DOUT 1n

FIG. 13).
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Also, 1n the write-1n operation, the word line 3 1s desig-
nated based on the recerved row address, and thereafter, in

synchronization with “H” transitions of the external write
cnable signal XWE, the external input data D6 to D8 (DIN)

are respectively written to the memory cells 1 respectively
corresponding to the column addresses.

As described above, the semiconductor memory device of
the present embodiment recerves the external write enable
signal XWE to the latch circuit 20 1n synchronization with
the “L” transition of an external chip enable signal XCE,
retains the recerved external write enable signal XWE, and
performs either a read-out or write-in operation correspond-
ing to the level of the retained external write enable signal
XWE until the external chip enable signal XCE takes on an
“H” level. Also, 1n the read-out operation, the semiconductor
memory device ol the present embodiment reads data in
synchronization with the “L” transition of the external write
enable signal XWE, and, 1n the write-1n operation, on the
other hand, writes data 1n synchronization with the “H” tran-
sition of the external write enable signal XWE. Accordingly,
a high speed input/output of data can be performed.

Also, subsequent to the read-out or the write-in operation,
a rewrite operation for the memory cell 1 1s performed by
activating the rewrite timer 7 synchronous to the “H” transi-
tion of the external chip enable signal XCE. Thereatter, with
a completion of the operation of the rewrite timer 7, the
rewrite for the memory cell 1 ends, and the iternal chip
enable signal generation/latch circuit 12 nactivates the inter-
nal chip enable signal INTCE to end the chip operation.

Next, an alternative example of the semiconductor
memory device according to the present embodiment 1s
described. FIG. 15 1s an alternative example of the semicon-
ductor memory device according to the present embodiment.
The semiconductor memory device shown 1n FIG. 15 1s the
semiconductor memory device, of FIG. 12, having a timing
detection circuit 21 added thereto.

Feature of the semiconductor memory device shown in
FIG. 15 1s that the semiconductor memory device allows to
switch between a high-speed data input/output operation 1n
synchronization with an external write enable signal XWE
and an internal completion operation in synchronization
with an external chip enable signal XCE. More specifically,
when a certain period of time 1s elapsed from the “L” transi-
tion of the external chip enable signal XCE, an INTCED
signal 1s outputted from the timing detection circuit 21 to the
read/write control circuit 16, and then an operation to be

performed by the semiconductor memory device shown in
FIG. 15 1s determined.

Here, the internal completion operation 1s to complete a
chip operation by performing, when a certain period of time
1s elapsed from a start of an operation caused by the “L”
transition of the external chip enable signal XCE, a rewrite
operation regardless of types of an external input signal.

FIGS. 16 A and 16B are timing charts each illustrating a
read-out or a write-in operation of the semiconductor
memory device shown 1 FIG. 15. FIG. 16 shows that an
INTCED signal 1s outputted from the timing detection cir-
cuit 21 when a time period of T1 1s elapsed from the “L”
transition ol the external chip enable signal XCE. Here, the
time period of T1 1s set in accordance with internal timing,
such as a start time of the sense amplifier S, for example.

The semiconductor memory device shown in FIG. 151n a
read-out operation can perform the internal completion
operation by performing an “L” transition for the external
write enable signal XWE within the time period of T1 from
the “L” transition of the external chip enable signal XCE, as

shown 1n FIG. 16A.
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Also, the semiconductor memory device shown 1n FIG. 15
in a write-in operation can perform the internal completion
operation by performing, within the time period of T1 from
the “L” transition of the external chip enable signal XCE, an
“H” transition for the external write enable signal XWE, as

shown 1n FIG. 16B.

Also, a rewrite operation subsequent to the read-out or the
write-in operation 1s performed by activating the rewrite
timer 7 in synchronization with an internal chip enable sig-
nal INTCE. The rewrite timer 7 may be provided with a
timer circuit dedicated for a rewrite, or a timer circuit used 1n
the internal completion operation may be used as the rewrite
timer 7.

Also, the semiconductor memory device shown in FIG. 15
can perform a high-speed data input/output operation by per-
forming a transition for the external write enable signal
XWE after the time period of T1 from the “L” transition of
the external chip enable signal XCE, as shown 1n FIGS. 17A
and 17B. The operation 1s similar to the operation of the
semiconductor memory device shown in FIG. 12, and
therefore, a description thereof 1s omitted.

The semiconductor memory device of the present
embodiment may be configured as shown 1in FIG. 18. The
difference between the semiconductor memory device
shown 1n FIG. 18 and that shown 1n FIG. 15 1s that, 1n the
semiconductor memory device of FIG. 18, a switch 22 1s
provided between the bit line 4 and the sense amplifier 5.
The switch 22 opens and closes according to a control signal
23 outputted from the memory core control circuit 8.

Feature of the semiconductor memory device shown 1n
FIG. 18 1s that, after data 1s received from the memory cell 1
into the sense amplifier 5 by closing of the switch 22, the
memory cell 1 and the sense amplifier 5 are disconnected by
opening the switch 22.

In the semiconductor memory device shown in FIG. 18 1n
a read-out operation, by opening of the switch 22, load
applied to the bit line 4 can be reduced, whereby a signal on
the bit line 4 performs transitions faster than that of a case
where no switch 1s provided. Accordingly, a high-speed
read-out operation 1s enabled. Also, 1n a write-in operation,
through the reduction in the load applied to the bit line 4, the
amount of load for charging and discharging during rewrit-
ing data 1s reduced, and thereby reducing charging and dis-
charging electric current and allowing a high-speed rewrite.

Further, through disconnecting between the memory cell
1 and the sense amplifier 5 by using the switch 22, only last
data to be rewritten 1s written to the memory cell 1, and
thereby reducing the number of data rewrites for the memory
cell. Accordingly, a deterioration of the memory cell can be
suppressed.

The data rewrite for the memory cell 1 1s performed by
opening the switch 22 according to the control signal 23 and
by activating the rewrite timer 7 in a similar manner as per-
formed 1n the read-out operation and the write-1n operation.

FIGS. 19A and 19B are timing charts illustrating opera-
tions of the semiconductor memory device shown in FIG.
18. FIG. 19A 1llustrates a read-out operation of the semicon-
ductor memory device shown in FIG. 18, and FIG. 19B 1llus-
trates a write-in operation of the semiconductor memory
device shown 1n FIG. 18. Also, FIG. 20 1s a timing chart
illustrating an alternative example of the read-out operation
of the semiconductor memory device shown 1n FIG. 18.

In a read-out operation, the semiconductor memory
device shown in FIG. 18 recerves the row address Al in an
external address signal (external ADD) 1in synchronization
with the “L” transition of the external chip enable signal
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XCE. Subsequently, in synchronization with “L” transitions
ol the external write enable signal XWE, the semiconductor
memory device respectively recerves the column addresses
A2 to A4 1n the external address signal (see FIGS. 19A and
20). In synchronization with the “L” transitions of the exter-
nal write enable signal XWE, the semiconductor memory
device respectively reads out the data D2 to D4 from the

memory cells 1 respectively corresponding to the column
addresses via the sense amplifier 5 (DOUT 1n FIG. 19A).

Also, 1n a write-1n operation, 1n synchronization with the
“H” transitions of the external write enable signal XWE, the
semiconductor memory device respectively receives the col-
umn addresses A6 to A8 1n the external signal and the exter-

nal input data signals D6 to D8 (DIN) (see FIG. 19B).

A rewrite operation to the memory cell 1 1s performed by
opening (“H” transition ol SSW) of the switch 22 1n syn-
chronization with an “H” transition of an external chip
enable signal XCE, and further, by activating the rewrite

timer 7, as shown 1n FIGS. 19A and 19B.

Alternatively, in the alternative example of the read-out
operation, the rewrite operation to the memory cell 1 may be
performed by opening (“L” transition of the SSW) the
switch 22 and activating the rewrite timer 7 aiter data 1s read
out (“H” transition of the SSW) from the memory cell 1 and
outputted to the sense amplifier 5. In this case, a cycle time
can be shortened compared to the time taken in the operation

shown 1n FIG. 19A.

As described above, the semiconductor memory device
according to the present embodiment performs data read-out
and write-1n operations in synchronization with an external
write enable signal XWE used in a SRAM, thereby allowing,
a high-speed data input/output.

Note that a signal to synchronize 1n a data read-out or data
write-in 1s not limited to the external write enable signal
XWE. Other mput signals such as an external output enable

signal XOE may be used instead of the external write enable
signal XWE.

Also, 1 the semiconductor memory device according to
the first and the second embodiments, a ferroelectric
memory 1s used for a memory core, but a DRAM may be
used for the memory core.

Also, the logic may be reversed for all signals. In other
words, 1n the above description and the drawings, “H” may
be changed to “L”’, and “L.” may be changed to “H”, and still
similar operations can be performed and similar effects can
be obtained.

Also, the internal chip enable signal INTCE may be
delayed by the internal chip enable signal generation/latch
circuit 12.

As described above, the semiconductor memory device of
the present invention 1s compatible with a SRAM, and
capable of a high-speed data transfer operation while main-
taining data reliability, thereby being applicable to a com-
pact apparatus requiring a large amount of memory.

While the invention has been described 1n detail, the fore-
going description 1s 1n all aspects illustrative and not restric-
tive. It 1s understood that numerous other modifications and
variations can be devised without departing from the scope
ol the invention.

What 1s claimed 1s:

1. A semiconductor memory device for performing a data
rewrite, comprising:

a memory section including a memory element, the

memory element having characteristics that a stored
content 1s destroyed as a result of a read-out operation;
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a timer control circuit for outputting a start signal, the
timer control circuit being synchronous with the read-
out operation, when either a first or a second signal
takes an 1nactive state earlier than the other:;

a timer circuit for outputting a timer signal for a predeter-
mined period of time from when the start signal 1s out-
putted; and

a memory section control circuit for activating the
memory section during a time period from when the
first signal takes an active state to when the timer signal
stops being outputted, and performing a rewrite for the

memory section while the timer signal 1s being output-
ted.

2. The semiconductor memory device according to claim
1, wherein the timer control circuit outputs the start signal

even when a supplied power supply voltage detection signal
indicates a reduction 1n a power supply voltage.
3. The semiconductor memory device according to claim
1, wherein the first signal 1s an external chip enable signal,
and the second signal 1s an external write enable signal.
4. The semiconductor memory device according to claim
1, wherein the timer control circuit prevents an external sig-
nal from being mputted while the timer signal 1s being out-
putted.
5. The semiconductor memory device according to claim
1 further comprising;:
an operation control circuit for recerving the second signal
when the first signal takes an active state, and
determining, i accordance with the received second
signal, whether an operation to be performed 1s a data
read-out or data write-in; and

an access circuit for accessing to the memory section 1n
accordance with the operation determined by the opera-
tion control circuit.

6. The semiconductor memory device according to claim
[5] /., [wherein the] further comprising:

an access circuit [accesses] for accessing, after a predeter-

mined period of time 1s elapsed from a transition of the
first signal, to the memory section 1n accordance with
cither a transition of the second signal from the 1nactive
state to the active state or a transition of the second
signal from the active state to the mactive state.

7. The semiconductor memory device according to claim
[6] 29, wherein the first signal is [the] an external chip
enable signal, and the second signal is [the] ar external write
enable signal.

8. The semiconductor memory device according to claim
[6] 29, wherein the first signal is [the] an external chip
enable signal, and the second signal 1s an external output
cnable signal.

9. The semiconductor memory device according to claim
5, wherein, when the second signal performs a transition
within a predetermined period of time from when the first
signal takes the active state, an access to the memory section
1s controlled by a signal generated by an internal circuait.

10. The semiconductor memory device according to claim
5, wherein, when the second signal performs a transition
alter the predetermined period of time 1s elapsed from when
the first signal takes the active state, the access to the
memory section 1s controlled by an externally inputted sig-
nal.

11. The semiconductor memory device according to claim
[6] 29, wherein the memory section includes:

a sense amplifier for recerving data read out from the
memory element; and

a switch for disconnecting between the sense amplifier
and the memory element, and
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the switch opens after the data read out from the memory

clement 1s received 1nto the sense amplifier.

12. The semiconductor memory device according to claim
11, wherein the timer circuit outputs the timer signal after
the switch opens.

13. The semiconductor memory device according to claim
1, wherein the memory element includes a ferroelectric cell.

14. The semiconductor memory device according to claim
1, wherein the memory element includes a dynamic cell.

15. A semiconductor memory device for performing a
data rewrite, comprising;:

a memory section including a memory element, the

memory element having characteristics that a stored
content 1s destroyed as a result of a read-out operation;

a timer control circuit for outputting a start signal, the
timer control circuit being synchronous with the read-
out operation, the timer control circuit outputting a start
signal when, 1n a data read-out operation, a first signal
takes an active state, or when, in a data write-in
operation, either the first or a second signal takes an
1nactive state earlier than the other;

a timer circuit for outputting a timer signal for a predeter-
mined period of time from when the start signal 1s out-
putted; and

a memory section control circuit for activating the
memory section during a time period from when the
first signal takes the active state to when the timer sig-
nal stops being outputted, and performing a rewrite for
the memory section while the timer signal 1s being out-
putted.

16. The semiconductor memory device according to claim
15, wherein the timer control circuit outputs the start signal
even when a supplied power supply voltage detection signal
indicates a reduction 1n a power supply voltage.

17. The semiconductor memory device according to claim
15, wherein the first signal 1s an external chip enable signal,
and the second signal 1s an external write enable signal.

18. The semiconductor memory device according to claim
15, wherein the timer control circuit prevents an external
signal from being mputted while the timer signal 1s being
outputted.

19. The semiconductor memory device according to claim
15 further comprising;

an operation control circuit for receiving the second signal
when the first signal takes the active state, and
determining, 1n accordance with the recerved second
signal, whether an operation to be performed 1s a data
read-out or a data write-in; and

an access circuit for accessing to the memory section in
accordance with the operation determined by the opera-
tion control circuit.

20. The semiconductor memory device according to claim
19, wherein the access circuit accesses, alter a predeter-
mined period of time 1s elapsed from a transition of the first
signal, to the memory section 1n accordance with either a
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transition of the second signal from the 1nactive state to the
active state or a transition of the second signal from the
active state to the mactive state.

21. The semiconductor memory device according to claim
20, wherein the first signal is [the] an external chip enable
signal, and the second signal is [the] an external write enable
signal.

22. The semiconductor memory device according to claim
20, wherein the first signal is [the] an external chip enable
signal, and the second signal i1s an external output enable
signal.

23. The semiconductor memory device according to claim
19, wherein, when the second signal performs a transition
within a predetermined period of time from when the first
signal takes the active state, an access to the memory section
1s controlled by a signal generated by an internal circuait.

24. The semiconductor memory device according to claim
19, wherein, when the second signal performs the transition
after the predetermined period of time 1s elapsed from when
the first signal takes the active state, the access to the
memory section 1s controlled by an externally inputted sig-
nal.

25. The semiconductor memory device according to claim
20, wherein the memory section includes:

a sense amplifier for recerving data read out from the
memory element; and

a switch for disconnecting between the sense amplifier
and the memory element, and

the switch opens after the data read out from the memory

clement 1s received into the sense amplifier.

26. The semiconductor memory device according to claim
25, wherein the timer circuit outputs the timer signal after
the switch opens.

277. The semiconductor memory device according to claim
15, wherein the memory element includes a ferroelectric
cell.

28. The semiconductor memory device according to claim
15, wherein the memory element includes a dynamic cell.

29. The semiconductor memory device according to claim
5, wherein the access circuit accesses, after a predetermined
period of time is elapsed from a transition of the first signal,
to the memory section in accordance with either a transition
of the second signal from the inactive state to the active state
or a transition of the second signal from the active state to
the inactive state.

30. The semiconductor memory device according to claim
6, wherein the first signal is an external chip enable signal,
and the second signal is an external write enable signal.

31. The semiconductor memory device according to claim
6, wherein the first signal is an external chip enable signal,
and the second signal is an external output enable signal.

32. The semiconductor memory device according to claim
6, wherein the memory element includes a ferroelectric cell.
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