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FERROELECTRIC MEMORY DEVICE 
HAVING FATIGUE AVERAGING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a nonvolatile Semicon 
ductor memory device that uses a thin ferroelectric film and 
more particularly to a 2T/2C type ferroelectric memory 
wherein one memory cell comprises two ferroelectric 
capacitors and two MOS transistors. 

2. Description of the Related Art 
Nonvolatile ferroelectric random access memories 

(FeRAM) which use ferroelectric materials carry out non 
Volatile Storage in the direction of the remnant polarization 
of ferroelectric capacitors. For a 2T/2C type ferroelectric 
memory, one memory cell comprises two ferroelectric 
capacitors and two MOS transistors. This memory stores 
information of 1 bit by means of polarizing the two ferro 
electric capacitors in directions opposite to each other. 

For example, FIG. 7 shows the composition of a 2T/2C 
type ferroelectric memory disclosed in U.S. Pat. No. 4,873, 
664 and Japanese Laid Open Patent Publication A-63 
2O1998. 

This conventional ferroelectric memory has bit line pairs 
comprising positive bit lines 2,2,... and negative bit lines 
31, 3, . . . , memory cells (MC) 10 arranged in an array 
shape at the intersection between word lines 1 to 1, 
pre-charge circuits 9 one being disposed at each bit line pair, 
Sense amps 8 one being disposed at each bit line pair, a 
Y-switch circuit 7 that selectively connects the bit line pairs 
and data line pairs 16, 16, . . . , data amps (DA) 13, 
13, ... equal in number to the data line pairs 16, 16,..., 
and write buffers (WB) 14, 14, ... equal in number to the 
data line pairs 16, 16, . . . 

The memory cells 10 are arranged on the same word lines 
11 to 1. The memory cells 10 which are arranged on the 
same word lines 1 to 1 comprise one word that forms a 
read and write acceSS unit of Storage data. 

The latch type Sense amp 8 amplifies a minute potential 
difference between two lines of respective pairs and the line 
exhibiting a lower potential is set to OV and the line 
exhibiting a higher potential, to VCC. Therefore, the sense 
amp activation signal 12 changes to the power Supply 
voltage (VCC) from OV. 

Bit line pairs that comprise one word are Selectively 
connected to the data line pairS Such as 16, 16, ... through 
the Y-switch circuit 7. This data line pair 16, 16 includes 
two data lines, positive and negative, which correspond to 
the bits which comprise the word on a one-to-one basis. 

The Y-switch circuit 7 connects the designated bit line 
pair and data line pair only during the period when a 
Y-switch activation signal 19 is at the VCC level. On each 
of data line pairs are connected a complementary input of 
data amps 13, 13, ... and a complementary output of write 
bufferS 14, 14, . . . 

The data ampS 13, 13, . . . amplify each data appearing 
on the data line pairs and then externally output the data as 
output data 28, 28, . . . 

The write buffers 14, 14, . . . output input data 29, 
29, . . . Supplied from an external Source to the data line 
pairs 16, 16, ... during the period when a write activation 
signal 17 is VCC. In particular, when the Y-switch circuit 7 
is active and the Sense ampS 8 are active, the data that was 
output to the data line pairs 16, 16, . . . is output to the 
sense amps 8 which are connected through the Y-Switch 
circuit 7. 
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2 
Referring to FIG. 8, the memory cell 10 is comprised by 

two ferroelectric capacitors 22, 23 and two N-channel MOS 
transistors 20, 21. 

Hereafter, the memory cell 10 disposed at the intersection 
of the word line 11 and the bit line pair that comprises and 
the positive bit line 2 the negative bit line 3 will be 
described. 
One electrode of the ferroelectric capacitors 22, 23 is 

connected to the positive bit line 21 or the negative bit line 
3 through N-channel MOS transistor 20, 21. The other 
electrode is connected to a plate line 4. Further, the gates of 
the two transistors 20, 21 are connected to the word line 1. 

Referring to FIG. 9, a pre-charge circuit 9 comprises 
N-channel MOS transistors 24, 25. Because this circuit 9 
pre-charges the bit line pair to OV, while the read and write 
of the data is not carried out in Standby, a bit line pre-charge 
signal 11 is VCC. 

Next, the read operation of this conventional ferroelectric 
memory will be described. At first, the bit line pre-charge 
signal 11 falls from VCC to OV then the bit line pair floats 
at OV. Next, the word line 11 is at VCC. Then, when the plate 
line 4 rises from OV to VCC, a voltage is applied to the 
ferroelectric capacitors 22, 23 of all the memory cells 10 
Selected on the word line. This Voltage reverses the polar 
ization of one of the ferroelectric capacitors and then by 
means of Supplying a large amount of charge from the 
ferroelectric capacitors, the Voltage of the connected bit lines 
becomes higher. Thus, because the other ferroelectric 
capacitor does not reverse its polarization, the Voltage of the 
connected bit lines becomes lower in comparison to the bit 
line of the opposite Side. 

Hereafter, in order to Simplify the description, the positive 
bit line (negative bit line) exhibits a higher voltage com 
pared to the negative bit line (positive bit line). In this way, 
the difference in the Voltage that appears on the positive and 
negative bit lines is amplified by the Sense ampS 8. By means 
of this action, the positive bit line (negative bit line) that 
exhibits a high voltage is VCC and the negative bit line 
(positive bit line) that exhibits a low voltage is OV. 

Thereafter, the bit line pair (2, 3) connects to a data line 
pair 16, through the Y-switch circuit 7 at a timing wherein 
the Y-switch circuit activation signal 19 is active. Finally, the 
Signal that appears on the data line pair 16 is amplified by 
data amp 13 and outputs as output data 28. Hereupon, 
because the positive bit line (negative bit line) is at a high 
voltage, the output data is “1” (“0”). 

After the data is read, both of the two ferroelectric 
capacitorS 22, 23 are at a high Voltage on the plate line 4 
side. Because of this, if the voltage on both side is left as is 
at OV, the direction of the remnant polarization lines up. In 
order to read the same data at the next access, it is necessary 
to write back the data twice. In this conventional ferroelec 
tric memory, the write back is carried out as follows. 
At first, with the Sense ampS 8 in an active State, the plate 

line 4 falls from VCC to OV. Next, the sense amps 8 enter 
an inactive State, the bit line pre-charge Signal 11 rises from 
OV to VCC and both bit lines are OV. Lastly, with the word 
line at OV, the ferroelectric capacitorS 22, 23 Separate from 
the bit line. Before the ferroelectric capacitor that did not 
reverse its polarization during the read lowers the Voltage of 
the plate line 4, OV is applied to the bit line side and VCC 
is applied to the plate line 4 side. When this ferroelectric 
capacitor lowers the plate line to OV, both sides become OV 
and as shown in FIG. 10, the remnant polarization is 
maintained at point B in the Q-V plane. 

In contrast, when the ferroelectric capacitor that reversed 
its polarization during the read lowers the Voltage of the 
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plate line 4, VCC is applied to the bit line side and OV is 
applied to the plate line 4 side. When this ferroelectric 
capacitor lowers the bit line to OV, both sides become OV and 
as shown in FIG. 10, the remnant polarization is maintained 
at point A in the Q-V plane. In this ferroelectric memory, the 
polarization reversal occurs one time due to the write back. 
By means of this write back operation, reading of the same 
data is ensured even during a Subsequent read. 

Regretfully, in this conventional example, an imbalance 
exists in which the polarization reversal occurs two times in 
one of the ferroelectric capacitors per each access through 
the above-mentioned read/write back and in the other fer 
roelectric capacitor the polarization reversal does not occur. 
FIG. 11 (a) shows the plot the ferroelectric capacitor follows 
in the Q-V plane when the polarization reversal occurs two 
times and FIG.11(b) shows the plot the ferroelectric capaci 
tor follows in the Q-V plane when the polarization reversal 
does not occur. In this way, when repeatedly reading data in 
a conventional 2T/2C type ferroelectric memory, one of the 
ferroelectric capacitors will repeatedly reverse its polariza 
tion. Moreover, a Voltage pulse of one direction will be 
repeatedly applied to the other ferroelectric capacitor. 

Next, the write operation of this conventional ferroelectric 
memory will be described. 

Hereafter, a case when writing input data 29 to the 
memory 10 disposed at the intersection between the word 
line 1 and the bit line pair that comprises the positive bit 
line 2 and the negative bit line 3 will be described. 

During the write operation in the ferroelectric memory, 
input data 29 Supplied from an external Source is written to 
a random word. Because ferroelectric memory is a destruc 
tive read type memory, the Storage data of the memory cell 
10 that shares the memory cell 10 to be written to and the 
word line 1 must be protected. Therefore, at first, the 
storage data of the memory cell 10 on the word line 11 is 
amplified and latched by the Sense ampS 8 using a procedure 
identical to the previously described read operation. 

Next, the Y-Switch circuit 7 is made active in a state 
wherein the input data 29 is output to the data line pair 16 
by means of the write buffer 14. At this time, the bit line 
pair (2, 3) Selectively connect to the data line pair 16 by 
means of the Y-Switch circuit 7. This connection latches the 
input data 29 to the sense amp 8 connected to the bit line 
pair (2, 3) without disturbing the data of the other sense 
amps 8. Thereafter, the plate line 4 falls, a pre-charge of the 
bit line to OV occurs, and the word line 11 falls using a 
procedure identical to the previously described write back. 

Generally, it is known that a ferroelectric capacitor 
reduces the remnant polarization following the number of 
times the polarization reversal repeats. This phenomenon is 
called fatigue. In a ferroelectric memory, if the remnant 
polarization reduces, the Signal Voltage output to the bit line 
during a read will also be reduced. Further, if the bit line 
Signal Voltage output to the bit line is made to fall below the 
input offset Voltage of the Sense amps then the function as a 
ferroelectric memory will normally be lost. 
When repeatedly reading the same data in the above 

mentioned conventional ferroelectric memory, there was a 
problem in which fatigue would appear concentrated in one 
of the ferroelectric capacitors with this concentration of 
fatigue determining the lifespan of the entire ferroelectric 
memory. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a ferro 
electric memory that can average the fatigue of the ferro 
electric capacitors which form a pair. 
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4 
Another object of the present invention is to extend the 

lifespan of the ferroelectric capacitors by means of averag 
ing the fatigue of the ferroelectric capacitors. 
A further object of the present invention is to extend the 

lifespan of the ferroelectric capacitors without lowering the 
Speed of the writes and reads to the memory. 

In order to achieve the above-mentioned objects, the 
present invention reverses polarization by mechanism of 
making a croSS connection signal active and then carrying 
out a croSS connection utilizing a Switching circuit after 
making a direct connection signal active and reading data, 
executing a write back and then, while data outputs, using a 
toggle bit in an EXCLUSIVE OR operation and outputting 
the data. 

Therefore, from among the two ferroelectric capacitors 
which comprise a memory cell, the ferroelectric capacitor 
with a polarization reversal that occurred during a read does 
not reverse polarization during a write back and the ferro 
electric capacitor whose polarization did not reverse during 
a read reverses polarization during a write back, thereby 
making it possible to average the fatigue of the two ferro 
electric capacitors and extend the lifespan of a nonvolatile 
Semiconductor memory device. 

In concrete terms, the present invention is a nonvolatile 
ferroelectric memory device having a plurality of memory 
cells arranged in columns and rows. The memory cells 
comprise ferroelectric electrodes which maintain a State of 
“0” or “1” by means of the polarization state along with 
being connected to the bit lines. 

Moreover, the ferroelectric memory device is comprised 
by a Switching circuit that reverses the Sign of data when 
writing back this data that was read from a memory cell to 
the memory cell, a toggle bit memory that Stores a toggle bit 
that represents the State of the sign Switched by means of the 
Switching circuit, and a reswitching circuit that returns the 
reversed sign to its normal State utilizing the Switching 
circuit based on the data read from the memory cell and the 
toggle bit read from the toggle bit memory. 

These actions make it possible to average the fatigue of 
the ferroelectric capacitors which form a pair during a 
read/write back as well as extend the lifespan twice as long 
compared to a conventional 2T/2C type ferroelectric 
memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic showing the composition of the 
nonvolatile Semiconductor memory device of the first 
embodiment of the present invention; 

FIG. 2 is a schematic of a Switching circuit 18 in FIG. 1; 
FIG. 3 is a timing chart that shows operations during read 

and write back at the star symbol in FIG. 1; 
FIG. 4 (a) shows a plot the ferroelectric capacitor follows 

in the Q-V plane when polarization reversal occurs during a 
read and FIG. 4 (b) shows a plot the ferroelectric capacitor 
follows in the Q-V plane when polarization reversal does not 
occur during a read from among the two ferroelectric 
capacitors which comprise the memory cell 10 in FIG. 1; 

FIG. 5 is a schematic of a Switching circuit 58 of the 
nonvolatile Semiconductor memory device of the Second 
embodiment of the present invention; 

FIG. 6 is a schematic of a Switching circuit 68 of the 
nonvolatile semiconductor memory device of the third 
embodiment of the present invention; 

FIG. 7 is a schematic showing a conventional 2T/2C type 
ferroelectric memory; 
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FIG. 8 is a schematic of a memory cell 10 in FIG. 7; 
FIG. 9 is a schematic of a pre-charge circuit 9 in FIG. 7; 
FIG. 10 shows the polarization characteristics of the 

ferroelectric capacitor; 
and FIG. 11 (a) shows a plot the ferroelectric capacitor 

follows in the Q-V plane when polarization reversal occurs 
two times and FIG. 11 (b) shows a plot the ferroelectric 
capacitor follows in the Q-V plane when polarization rever 
Sal does not occur in a conventional ferroelectric memory. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Next, embodiments of the present invention will be 
described in detail with reference to the attached drawings. 

(First Embodiment) 
FIG. 1 is a block diagram showing the composition of the 

ferroelectric memory of the first embodiment of the present 
invention. This figure shows compositional element Symbols 
and numbers identical to those shown in FIG. 7. 

The ferroelectric memory of this embodiment comprises 
memory cells 50 which store toggle bits for the purpose of 
judging whether data Stored in a corresponding word is data 
logically identical to data that was written or data that was 
reversed. The composition of the memory cells 50 is iden 
tical to the composition of the memory cells 10. Further, the 
memory cells 50 are disposed for every word that is a unit 
of data when a write/read is carried out by means of the data 
amps 13, 13, . . . and the write bufferS 14, 14, . . . 

Even further, in the example shown in FIG. 1, the ferro 
electric memory comprises a Switching circuit 18 disposed 
between the memory cell 10 and the Sense amp 8, pre-charge 
circuits 9 disposed in front of and behind the Switching 
circuit 18, and EXCLUSIVE OR circuits 15, 15. 

Moreover, a data amp (DA)13, and a write buffer (WB) 
14t are connected to a bit line pair (2, 3) of the memory cell 
50 for storing toggle bits through the Y-switching circuit 7 
and the data line pair 16, in like manner to the other bit line 
pair. 

Hereafter, the bit line pair that corresponds to the "i" bit 
of the word is shown as positive bit line 2, and negative bit 
line 3, and the bit line pair that corresponds to the toggle bit 
is shown as positive bit line 2, and negative bit line 3. In 
addition, the gates of the two transistors are connected to one 
word line. 

Referring to FIG. 2, the Switching circuit 18 comprises 
four N-channel transistors 31, 32, 33 and 34. For each line 
pair, so that the N-channel MOS transistors 31, 32 wherein 
the gates are connected to a direct connection signal 5 and 
the N-channel MOS transistors 33, 34 gates are connected to 
a croSS connection signal 6. 

In the Switching circuit 18, when the direct connection 
signal 5 becomes active, the N-channel MOS transistors 31, 
32 turn ON. When these transistors 31, 32 turn ON, the 
positive bit line and the complementary terminals are 
directly connected. In other words, the positive bit line 2 
and the complementary terminal 26 connect and the nega 
tive bit line 3 and the complementary terminal 27 connect. 

Further, in the Switching circuit 18, when the cross 
connection signal 6 becomes active, the N-channel MOS 
transistors 33, 34 turn ON. When these transistors 33, 34 
turn ON, the positive bit line and the complementary ter 
minals are croSS connected. In other words, the positive bit 
line 2 and the complementary terminal 27 connect and the 
negative bit line 3 and the complementary terminal 26 
COnnect. 
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Because the signal close to VCC connects on both direc 

tions in the Switching circuit 18 of this embodiment, it is 
necessary to Set the active levels of the direct connection 
Signal 5 and the croSS connection Signal 6 higher than VCC 
by only the threshold voltage portion of the MOS transistors. 
However, in the example shown in FIG. 2, because a 
composition using only four MOS transistors per one Sense 
amp is possible, the effect is to reduce the number of circuits. 
The EXCLUSIVE OR circuits 15, 15, . . . execute an 

EXCLUSIVE OR operation between the output of each data 
amp 13, 13, and the output of the data amp 13. The result 
of that operation outputs as final output data 28, 28, . . . By 
means of this operation, the original data Stored in the 
memory cell that was reversed or was not reversed outputs 
externally. 

Moreover, the output of the write buffer 14, that corre 
sponds to the toggle bit is fixed at “0”. 

Next, the read operation of the ferroelectric memory of 
this embodiment will be described using the timing chart of 
FIG. 3. 

Hereafter, in order to Simplify the description, the 
memory cell 10 disposed at the intersection between the 
word line 1 and the bit line pair that comprises and the 
positive bit line 2 and the negative bit line 3 will be 
described. 
At first, the bit line pre-charge signal 11 falls from VCC 

to OV then the positive bit line 2 and the negative bit line 
3 float at OV. Next, the direct connection signal 5 becomes 
active and the word line 1 is VCC. Furthermore, when the 
plate line 4 rises from OV to VCC, a voltage is applied to the 
ferroelectric capacitors 22, 23 of all the memory cells 10 
Selected on the word line 1. 

This Voltage reverses the polarization of one of the 
ferroelectric capacitors and a large amount of charge is 
Supplied from the ferroelectric capacitors. Then, the Voltage 
of the complementary terminals of the Sense amps 8 con 
nected to the bit lines and to this becomes larger. At this 
time, because the other ferroelectric capacitor does not 
reverse its polarization, the complementary terminals of the 
Sense amps 8 connected to the bit lines and to this becomes 
lower in comparison to the above high voltage (time t1). 
Hereupon, the complementary terminal 26 (complementary 
terminal 27) exhibits a higher voltage compared to the 
complementary terminal 27 (complementary terminal 26). 

In this way, the difference in the Voltage of the comple 
mentary terminals 26, 27 of the Sense ampS 8 is amplified 
with the Sense amp activation Signal 12 in an active State 
after the sense amps 8 separate from the bit line pair with the 
direction connection signal 5 in an inactive State (time t2). 
By means of this action, the complementary terminal 26 
(complementary terminal 27) that exhibits a high voltage is 
VCC and the complementary terminal 27 (complementary 
terminal 28) that exhibits a low voltage is OV. Thereafter, 
the bit line pair (positive bit line 2, negative bit line 3) 
connects to the data line pair 16 through the Y-Switch 
circuit 7 at a timing wherein the Y-Switch circuit activation 
Signal 19 is active (time t3) Finally, the signal that appears 
on the data line pair 16 is amplified by the data amp 13. 

After the data is read, a write back is carried out Such that 
the direction of the remnant polarization reverses before the 
read. Initially, with the croSS connection Signal 6 in an active 
State, the bit line pair and the complementary terminals 26, 
27 of the sense amps 8 cross connect. With the sense amps 
8 remaining in an active State, the plate line 4 falls from 
VCC to OV (time (4) and then the sense amp activation 
Signal 12 and the croSS connection signal 6 become inactive 
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with the bit line pre-charge signal 11 rising from OV to VCC 
and the bit line pair becoming OV (time t3). Finally, with the 
word line 11 at OV, the ferroelectric capacitors 22, 23 
Separate from each of the positive bit lines 2, 3. 

Before the ferroelectric capacitor that reversed its polar 
ization during the read lowers the Voltage of the plate line 4, 
OV is applied to the bit line side and VCC is applied to the 
plate line 4 side. When this ferroelectric capacitor lowers the 
plate line to OV, both sides become OV and, as shown in FIG. 
10, the remnant polarization is maintained at point B in the 
Q-V plane. In contrast, when the ferroelectric capacitor that 
did not reverse its polarization during the read lowers the 
voltage of the plate line, VCC is applied to the bit line side 
and OV is applied to the plate line side. When this ferro 
electric capacitor lowers the bit line to OV, both sides 
become OV and as shown in FIG. 10, the remnant polariza 
tion is maintained at point A in the Q-V plane. 

In this way, the nonvolatile Semiconductor memory 
device of this embodiment reverses the polarization direc 
tion of the ferroelectric capacitor (object of the read) only 
one time through the read and write back. 

Next, the write operation of the ferroelectric memory of 
this embodiment will be described. 

Hereupon, in order to simplify the description, writing the 
input data 29 to the memory cell 10 disposed at the 
intersection between the word line 1 and the bit line pair 
that comprises and the positive bit line 2 and the negative 
bit line 3 will be described. 

Because ferroelectric memory is a destructive read type 
memory, the Storage data of the memory cell 10 that shares 
the desired word and word line must be protected. Therefore, 
using the direct connection signal 5 in a procedure identical 
to the previously described read operation, the Storage data 
of the memory cell 10 on the word line is amplified and 
latched by the sense amps 8. Next, the Y-Switch circuit 7 is 
made active in a State wherein the input data 29 is guided 
to the data line pair 16, by means of the write buffer 14. 

If data W that appears on the data line pair that corre 
sponds to the bits comprising the word and the pair of data 
t that appears on the data line that corresponds to the toggle 
bit come into being as (W, t), at that moment the input data 
29 on the data line pair 16, 16, and the initial value (D, 0) 
of the toggle bit will appear. By means of Selectively 
connecting the Sense amps 8 connected to the memory cells 
10 where data will be written to the data line pair 16, 
utilizing the Y-switch circuit 7, the input data 19 latches to 
the sense amp 8 that corresponds to the word that is the write 
object without disturbing the data of the other sense amps 8. 
Thereafter, the plate line 4 falls, a pre-charge of the bit line 
pair 2, 3 to OV occurs, and the word line 1 falls using the 
croSS connection Signal 6 in a procedure identical to the 
previously described write back. 
Whenever a read acceSS for a word on a certain word line 

occurs, the direction of the remnant polarization of all the 
ferroelectric capacitors on that word line reverses. Further, 
in a write access as well. 

Therefore, the word that initially wrote the data Dappears 
as (D, 0) or (D',1) on the data line during a read. Hereupon, 
D' represents a reversed D bit. Because of this, by means of 
executing an EXCLUSIVE OR operation between the out 
put of the data amp 13 that corresponds to the bits which 
comprise the word and the output of the data amp 13, of the 
toggle bit and outputting the data, the output data 28 always 
is D. 

By means of the operation described above, during a read 
that corresponds to a certain word and during an access to 
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8 
another word that shares the word line, either of the two 
ferroelectric capacitors which Store the data of that word 
reverse their polarization one time only in the 2T/2C type 
ferroelectric memory of the present invention. 

FIG. 4 shows the plot the ferroelectric capacitor described 
above follows during a read/write back. 
From among the two ferroelectric capacitors which com 

prise the memory cell, the ferroelectric capacitor that 
reversed its polarization during a read does not reverse 
polarization during a write back (FIG. 4 (a)) and in contrast, 
the ferroelectric capacitor that did not reverse its polariza 
tion during a read reverses its polarization during a write 
back (FIG. 4 (b)). 

In the 2T/2C type ferroelectric memory that is the non 
Volatile Semiconductor memory device of this embodiment, 
during a read, both of the two ferroelectric capacitors which 
comprise the memory cell reverse their polarization one time 
each. Therefore, compared to a conventional 2T/2C type 
ferroelectric memory wherein one of the two ferroelectric 
capacitors reverses its polarization two times and the other 
ferroelectric capacitor does not reverse its polarization, for 
a case when repeatedly reading the same data, this repetition 
relieves fatigue of the ferroelectric capacitors and extends 
the lifespan twice as long. 

Because ferroelectric memory is a destructive read type 
memory, the read operation for a certain word of course 
occurs when outputting data of that word to an external 
ferroelectric memory and also occurs during a read opera 
tion and a write operation for another word that shares that 
word and the word line. Even further, in the usage method 
of a normal Semiconductor memory, it is considered that 
data written once and then repeatedly read occurs frequently. 
Due to these factors, writes are extremely infrequent com 
pared to reads. Because of this, the nonvolatile Semiconduc 
tor memory device of this embodiment that relieves fatigue 
while repeating a read operation is very effective in improv 
ing the extension of lifespan as well as the reliability. 
Moreover, in the ferroelectric memory of this 

embodiment, overhead occurs in the circuit Scale and opera 
tion Speed compared to a conventional ferroelectric memory. 
However, the benefit of an extended lifespan is thought to be 
greater by far. 

(Second Embodiment) 
FIG. 5 is a Schematic showing a Switching circuit in the 

ferroelectric memory of the second embodiment of the 
present invention. In the example shown in FIG. 5, during a 
read, a positive bit line and a first complementary terminal, 
and a negative bit line and a Second complementary terminal 
directly connect using a transfer gate that comprises first and 
fifth MOS transistors, and second and sixth MOS transistors. 
Further, during a write, a positive bit line and a Second 
complementary terminal, and a negative bit line and a first 
complementary terminal croSS connect using a transfer gate 
that comprises third and seventh MOS transistors, and fourth 
and eighth MOS transistors. 

Therefore, with the active level of the direct connection 
Signal and the croSS connection signal left as is at VCC, a 
write and read voltage within a range from ground level to 
VCC level is sufficiently transferred. 

For the nonvolatile semiconductor memory device of this 
embodiment, the Switching circuit 18 in the nonvolatile 
semiconductor memory device of the first embodiment of 
FIG. 1 is replaced by the Switching circuit 58. 
Compared to the Switching circuit 18 of FIG. 2, the 

Switching circuit 58 of this embodiment is comprised by an 



5,978.252 

inverter 39 that logically reverses the direct connection 
signal 5, P-channel MOS transistors 35, 36 wherein the gates 
are connected to the output of the inverter 39, an inverter 40 
that logically reverses the croSS connection Signal 6, and 
P-channel transistors 37, 38 wherein the gates are connected 
to the output of the inverter 40. 

This embodiment is comprised by transfer gates utilizing 
the N-channel MOS transistor 31 and the P-channel MOS 
transistor 35, the N-channel MOS transistor 32 and the 
P-channel MOS transistor 36, the N-channel MOS transistor 
33 and the P-channel MOS transistor 37, and the N-channel 
MOS transistor 34 and the P-channel MOS transistor 38. 

In the Switching circuit 58, when the direct connection 
signal 5 becomes active, the N-channel MOS transistors 31, 
32 turn ON and the output of the inverter 39 becomes 
inactive. By means of these actions, the P-channel MOS 
transistors 35,36 turn ON and the positive bit line 2 and the 
complementary terminal 26 as well as the negative bit line 
3 and the complementary terminal 27 connect. 

Furthermore, in the Switching circuit 58, when the cross 
connection signal 6 becomes active, the N-channel MOS 
transistors 33, 34 turn ON and the output of the inverter 40 
becomes inactive. By means of these actions, the P-channel 
MOS transistors 37, 38 turn ON and the positive bit line 2 
and the complementary terminal 27 as well as the negative 
bit line 3 and the complementary terminal 26 connect. 

In the Switching circuit 18 of the first embodiment 
described above, it is necessary to Set the active levels of the 
direct connection signal 5 and the croSS connection signal 6 
higher than VCC by only the threshold voltage portion of the 
MOS transistors. However, in the Switching circuit 58 of this 
embodiment, the active levels of the direct connection signal 
5 and the cross connection signal 6 can be VCC and the 
number of transistors per one Sense amp is eight which is 
more when compared to the first embodiment. 

(Third Embodiment) 
FIG. 6 is a Schematic showing the composition of a 

Switching circuit in the ferroelectric memory of the third 
embodiment of the present invention. In the example shown 
in FIG. 6, during a read, a positive bit line and a first 
complementary terminal, and a negative bit line and a 
Second complementary terminal directly connect using a 
first and second MOS transistor and the threshold voltage, 
portion of the read bit line voltage lower than VCC, is 
Sufficiently transferred. Further, during a write only, a posi 
tive bit line and a Second complementary terminal, and a 
negative bit line and a first complementary terminal croSS 
connect using a transfer gate that comprises third and fifth 
MOS transistors, and fourth and sixth MOS transistors. By 
means of this action, a write Voltage within a range from 
ground level, amplified by the sense amp, to VCC level is 
sufficiently transferred to the bit line. 

For the nonvolatile semiconductor memory device of this 
embodiment, the Switching circuit 18 in the nonvolatile 
semiconductor memory device of the first embodiment of 
FIG. 1 is replaced by the Switching circuit 68. 
Compared to the Switching circuit 18 of FIG. 2, the 

Switching circuit 68 of this embodiment is comprised by an 
inverter 40 that logically reverses the croSS connection 
signal 6, and P-channel transistors 37, 38 wherein the gates 
are connected to the output of the inverter 40. 

This embodiment is comprised by transfer gates utilizing 
the N-channel MOS transistor 33and the P-channel MOS 
transistor 37, the N-channel MOS transistor 34 and the 
P-channel MOS transistor 38. 
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In the Switching circuit 68, when the direct connection 

signal 5 becomes active, the N-channel MOS transistors 31, 
32 turn ON and the positive bit line 2 and the complemen 
tary terminal 26 as well as the negative bit line 3 and the 
complementary terminal 27 connect. 

Furthermore, in the Switching circuit 68, when the cross 
connection signal 6 becomes active, the N-channel MOS 
transistors 33, 34 turn ON and the output of the inverter 40 
becomes inactive. By means of these actions, the P-channel 
MOS transistors 37,38 turn ON and the positive bit line 2 
and the complementary terminal 27 as well as the negative 
bit line 3 and the complementary terminal 26 connect. 

In the Switching circuit 68 of this embodiment, the cross 
connection during a write is carried out in like manner to the 
Switching circuit 58 of the above-mentioned second embodi 
ment. Moreover, during a read, the Sense amps 8 and the bit 
line pair connect by means of the two MOS transistors in 
like manner to the Switching circuit 18 of the above 
mentioned first embodiment. 

In this embodiment, because the electric potential output 
to the bit line pair during a read is not amplified by the Sense 
ampS 8, only a Voltage lower than VCC is output, becoming 
lower than VCC- (threshold voltage of MOS transistors). 
Because of this, a Sufficient connection can be obtained in 
this embodiment using the N-channel MOS transistors dur 
ing a read and during a write using only the transfer gates. 

Furthermore, the write voltage at VCC level is transferred 
to the bit line utilizing the transfer gates during a croSS 
connected write. 
The invention may be embodied in other specific forms 

without departing from the Spirit or essential characteristic 
thereof. The present embodiments is therefore to be consid 
ered in all respects as illustrative and not restrictive, the 
Scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 
The entire disclosure of Japanese Patent Application No. 

9-166103 (Filed on Jun. 23, 1997) including specification, 
claims, drawings and Summary are incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. A nonvolatile ferroelectric memory device having a 

plurality of memory cells arranged in columns and rows, the 
memory cells comprising ferroelectric electrodes that main 
tain a polarization state of “0” or “1”, the memory cells 
being connected to bit lines, the memory device comprising: 

a Switching circuit that reverses the Sign of data read from 
a first memory cell when this data is written back to the 
first memory cell; 

a toggle bit memory that Stores a toggle bit that represents 
the State of the Sign Switched by the Switching circuit; 
and 

a reswitching circuit that returns the reversed Sign to its 
normal State utilizing the Switching circuit, based on 
the data read from the memory cells and the toggle bit 
read from the toggle bit memory. 

2. A nonvolatile ferroelectric memory device according to 
claim 1, wherein the toggle bit memory is a memory cell that 
is provided for a group of memory cells and Stores the toggle 
bit of the group of memory cells. 

3. A nonvolatile ferroelectric memory device according to 
claim 1, wherein the reswitching circuit comprises a logic 
circuit that outputs an EXCLUSIVE OR using the output of 
the first memory cell and the output of the toggle bit 
memory. 
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4. A nonvolatile ferroelectric memory device having a 
plurality of memory cells arranged in columns and rows, the 
memory cells comprising ferroelectric electrodes that main 
tain a polarization state of “0” or “1”, the memory cells 
being connected to bit lines, the memory cell columns 
having a word line and a plate line connected to each 
memory cell along the columns, the memory cell rows 
having a pair of the bit lines, positive and negative, con 
nected to each memory cell along the rows, the memory 
device comprising: 

Sense amps that amplify a Voltage difference between the 
pair of bit lines when a first voltage is applied to the 
word line and a Second Voltage is applied to the plate 
line, the Sense amps each having a complementary pair 
of terminals, wherein the Sense amps are connected 
along the columns by the complementary pair of ter 
minals, 

a Switching circuit disposed between the Sense amps and 
the memory cells, the Switching circuit using an input 
front Stage of the Sense amps to Switch the positive and 
negative bit lines that connect the Sense amps to the 
memory cells, the Switching of bit lines effecting one of 
a normal correspondence and a reversal of a sign of 
data; 

a toggle bit memory that Stores a toggle bit that represents 
the State that is Switched by the Switching circuit, and 

a reswitching circuit that returns the reversed State to its 
normal State by utilizing the Switching circuit based on 
data read from the memory cells and the toggle bit read 
from the toggle bit memory. 

5. A nonvolatile ferroelectric memory device according to 
claim 4, wherein Said Switching circuit further comprises: 

first and Second transistors that receive a direct connection 
Signal; and 

third and fourth transistors that receive a croSS connection 
Signal; 

wherein, the first and Second transistors connect the pair 
of bit lines to the respective one of the Sense amps in 
positive/negative normal correspondence with the 
complementary terminals when the direct connection 
Signal is active; 

and wherein the third and fourth transistors connect the 
pair of bit lines to the respective one of the Sense amps 
in reversed positive/negative correspondence with the 
complementary terminals when the croSS connection 
Signal is active. 

6. A nonvolatile ferroelectric memory device according to 
claim 4, wherein Said Switching circuit further comprises: 

first and Second transistors that receive a direct connection 
Signal; 

third and fourth transistors that receive a croSS connection 
Signal; 

fifth and sixth transistors that receive an inverted direct 
connection Signal; and 

Seventh and eighth transistors that receive an inverted 
croSS connection Signal; 

and wherein the first, Second, fifth and Sixth transistors 
connect the bit lines and the Sense amps in normal 
positive/negative correspondence when the direct con 
nection Signal is active; 

and wherein the third and fourth transistors connect the bit 
lines and the Sense amps in reversed positive/negative 
correspondence with the complementary terminals 
when the croSS connection signal is active. 

7. A nonvolatile ferroelectric memory device according to 
claim 4, wherein the Switching circuit further comprises: 
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12 
first and Second transistors that receive a direct connection 

Signal; 
third and fourth transistors that receive a croSS connection 

Signal; and 
Seventh and eighth transistors that receive an inverted 

croSS connection Signal; 
and wherein the first and Second transistors connect the bit 

lines and the Sense amps in normal positive/negative 
correspondence when the direct connection signal is 
active; 

and wherein the third, fourth, Seventh and eighth transis 
tors connect the bit lines and the Sense amps in reversed 
positive/negative correspondence with the complemen 
tary terminals when the croSS connection signal is 
active. 

8. A nonvolatile ferroelectric memory device having a 
plurality of memory cells arranged in columns and rows, the 
memory cells comprising ferroelectric electrodes that main 
tain a polarization state of “0” or “1”, the memory cells 
being connected to bit lines, the memory device comprising: 

Switching means that reverses the Sign of the data when 
data read from the memory cells is written back to the 
memory cells, 

toggle bit memory means that Stores a toggle bit that 
represents the State of the Sign that was Switched by 
Switching means, and 

a reswitching circuit that returns the reversed Sign to its 
normal State utilizing the Switching circuit based on the 
data read from the memory cells and the toggle bit read 
from the toggle bit memory. 

9. A nonvolatile ferroelectric memory device having a 
plurality of memory cells arranged in columns and rows, the 
plurality of memory cells provided for words that are units 
of data, the memory device also having a plurality of data 
line pairs and a plurality of bit line pairs, the bit line pairs 
each comprising a positive bit line and a negative bit line, the 
memory cells disposed at the interSection between one of the 
bit line pairs, and a word line, the memory cells each 
comprising a first transistor having a gate connected to the 
word line, a Second transistor having a gate connected to the 
word line, a first ferroelectric capacitor having one terminal 
connected to the word line through the first transistor and its 
other terminal connected to a plate line, a Second ferroelec 
tric capacitor having one terminal connected to the word line 
through the Second transistor and its other terminal con 
nected to the plate line, the memory device comprising: 

a plurality of Sense amps each having a first complemen 
tary terminal and a Second complementary terminal 
each respective Sense amp amplifying an electric poten 
tial difference between its first complementary terminal 
and its Second complementary terminal; 

a Y-switch circuit that selectively connects the bit line 
pairs and data line pairs, 

a plurality of data amps that each output an electric 
potential difference between a respective one of the 
data line pairs as data; 

a plurality of write buffers that transfer data from an 
external Source to the data line pairs, 

a Switching circuit disposed between the Sense amps and 
the bit line pairs, the Switching circuit connecting each 
respective positive bit line to the first complementary 
terminal of each corresponding one of the Sense amps 
as well as connecting each respective negative bit line 
to the Second complementary terminal of the corre 
sponding one of the Sense amps when a direct connec 
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tion signal becomes active during a read, the Switching 
circuit also connecting each respective positive bit line 
to the Second complementary terminal of each corre 
sponding one of the Sense amps as well as connecting 
each respective negative bit line to the first comple 
mentary terminal of the corresponding one of the Sense 
amps when a croSS connection signal becomes active 
during a write; 

write/read means comprising the data amps, the write 
buffers, and groups of the memory cells for performing 
write/read of the words and for Storing toggle bits 
which are “0” when data that is stored in a correspond 
ing word is logically the same as data that was written 
or “1” when data that is Stored in a corresponding word 
is reversed from data that was written; and 

a plurality of logical operation elements that execute an 
EXCLUSIVE OR operation using data that was output 
from the data ampS and the toggle bits and output the 
operation results as output data. 

10. A nonvolatile ferroelectric memory device according 
to claim 9, wherein the Switching circuit comprises: 

a plurality of first MOS transistors having the direct 
connection signal connected to each first MOS transis 
tor's gate and which turn ON when the direct connec 
tion signal becomes active, thereby connecting each of 
the positive bit lines to the first complementary termi 
nal of each of the Sense amps, 

a plurality of second MOS transistors having the direct 
connection signal connected to each Second MOS tran 
sistor's gate and which turn ON when the direct con 
nection signal becomes active, thereby connecting each 
of the negative bit lines to the Second complementary 
terminal of each of the Sense amps, 

a plurality of third MOS transistors having the cross 
connection signal connected to each third MOS tran 
sistor's gate and which turn ON when the cross con 
nection signal becomes active, the connecting each of 
the positive bit lines to the Second complementary 
terminal of each of the Sense amps, and 

a plurality of fourth MOS transistors having the cross 
connection signal connected to each fourth MOS tran 
sistor's gate and which turn ON when the cross con 
nection signal becomes active, thereby connecting each 
of the negative bit lines to the first complementary 
terminal of each of Sense amps. 

11. A nonvolatile ferroelectric memory device according 
to claim 9, wherein the Switching circuit comprises: 

a plurality of first MOS transistors having the direct 
connection signal connected to each first MOS transis 
tor's gate and which turn ON when the direct connec 
tion signal becomes active, thereby connecting each of 
the positive bit lines and the first complementary ter 
minal of each of Sense amps, 

a plurality of second MOS transistors having the direct 
connection signal connected to each Second MOS tran 
sistor's gate and which turn ON when the direct con 
nection signal becomes active connecting each of the 
negative bit lines and the Second complementary ter 
minal of each of the Sense amps, 

a plurality of third MOS transistors having the cross 
connection signal connected to each third MOS tran 
sistor's gate and which turn ON when the cross con 
nection signal becomes active, thereby connecting each 
of the positive bit lines and the Second complementary 
terminal of each of the Sense amps, 

a plurality of fourth MOS transistors having the cross 
connection signal connected to each fourth MOS tran 
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sistor's gate and which turn ON when the cross con 
nection signal becomes active, thereby connecting each 
of the negative bit lines and the first complementary 
terminal of each of the Sense amps, 

a first inverter that inverts the logic of the direct connec 
tion signal, the first inverter having an output; 

a Second inverter that inverts the logic of the croSS 
connection signal, the Second inverter having an out 
put; 

a plurality of fifth MOS transistors having the output of 
the first inverter connected to each fifth MOS transis 
tor's gate and which turn ON when the output of the 
first inverter becomes inactive thereby connecting each 
of the positive bit lines and the first complementary 
terminal of each of the Sense amps, 

a plurality of sixth MOS transistors having the output of 
the first inverter connected to each sixth MOS transis 
tor's gate and which turn ON when the output of the 
first inverter becomes inactive, thereby connecting each 
of the negative bit lines and the Second complementary 
terminal of each of the Sense amps, 

a plurality of seventh MOS transistors having the output 
of the second inverter connected to each seventh MOS 
transistor's gate and which turn ON when the output of 
the Second inverter becomes inactive connecting each 
of the positive bit lines and the Second complementary 
terminal of each of the Sense amps, and 

a plurality of eighth MOS transistors having the output of 
the second inverter connected to each eighth MOS 
transistor's gate and which turn ON when the output of 
the Second inverter becomes inactive connecting each 
of the negative bit lines and the first complementary 
terminal of each of the Sense amps. 

12. A nonvolatile ferroelectric memory device as set forth 
in claim 9, wherein the Switching circuit comprises: 

a plurality of first MOS transistors having the direct 
connection signal connected to each first MOS transis 
tor's gate and which turn ON when the direct connec 
tion signal becomes active, thereby connecting each of 
the positive bit lines and the first complementary ter 
minal of each of Sense amps, 

a plurality of second MOS transistors having the direct 
connection signal connected to each Second MOS tran 
sistor's gate and which turn ON when the direct con 
nection signal becomes active, thereby connecting each 
of the negative bit lines and the Second complementary 
terminal of each of the Sense amps, 

a plurality of third MOS transistors having cross connec 
tion signal connected to each third MOS transistor's 
gate and which turn ON when the croSS connection 
Signal becomes active, thereby connecting each of the 
positive bit lines and the Second complementary ter 
minal of each of the Sense amps, 

a plurality of fourth MOS transistors having the cross 
connection signal connected to each fourth MOS tran 
sistor's gate and which turn ON when the cross con 
nection signal becomes active, thereby connecting each 
of the negative bit lines and the first complementary 
terminal of each of the Sense amps, 

an inverter that inverts the logic of the croSS connection 
Signal; 

a plurality of fifth MOS transistors having the output of 
the inverter connected to each fifth MOS transistor's 
gate and which turn ON when the output of the inverter 
becomes inactive, thereby connecting each of the posi 
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tive bit lines and the Second complementary terminal of becomes inactive, thereby connecting each of the nega 
each of the Sense amps, tive bit lines and the first complementary terminal of 

a plurality of sixth MOS transistors having the output of each of the Sense amps. 
the inverter connected to each sixth MOS transistor's 
gate and which turn ON when the output of the inverter k . . . 


