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Proposed as a configuration, a controlling method, and a 
testing method for a ferroelectric shadow memory are (1) a bit 
line non-precharge method, in which no precharging of a bit 
line is performed during a read/write operation; (2) a plate 
line charge share method, in which electric charge is shared 
between plate lines that are driven sequentially during Store/ 
recall operation; (3) a word line boost method, in which the 
potential on a word line is raised during a write operation; (4) 
a plate line driver boost method, in which the driving capacity 
of a plate line driver is raised during a store/recall operation; 
and (5) a testing method for detecting a defect in a ferroelec 
tric capacitor by arbitrarily setting a potential on a bit line 
from outside a chip. 
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SEMCONDUCTOR MEMORY DEVICE 

0001. This application is based on Japanese Patent Appli 
cation No. 2014-212787 filed on Oct. 17, 2014, the contents 
of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to semiconductor 
memory devices. 
0004 2. Description of Related Art 
0005 Today, nonvolatile memories are widely used in sys 
tem-on-chip (SoC) devices incorporated in a variety of appli 
cations. In particular, in applications with low active factors 
(such as in sensor networks and in living body monitoring), 
tight restrictions are imposed on electric power consumption 
during a standby period with a view to reducing battery 
capacity and system module size. 
0006. If, for the sake of discussion, a volatile memory 
(e.g., SRAM (static random-access memory)) is used as a 
data buffer in an application as mentioned above, the leak 
current through it may greatly affect the total electric power 
consumption of the system. On the other hand, when a non 
volatile memory is used as a data buffer, data can be held on 
a nonvolatile basis without Supply of electric power, and this 
greatly contributes to power saving during a standby period. 
Thus, it can be said that a nonvolatile memory is very suitable 
as a data buffer in an application with a low active factor. 
0007 As a nonvolatile memory, FeRAM (ferroelectric 
random-access memory) is in practical use (e.g., in non 
contact IC cards), which employs ferroelectric capacitors. 
FeRAM, however, is not quite satisfactory in driving speed 
and electric power consumption during an active period, and 
in durability. 
0008 To overcome the shortcomings of FeRAM, there has 
been proposed shadow memory having a 6T-4C structure (or 
a 6T-2C structure) which is a combination of SRAM having a 
6T structure with a ferroelectric capacitor (hereinafter 
referred to as ferroelectric shadow memory). 
0009. A ferroelectric shadow memory operates as an 
SRAM having a 6T structure during an active period (during 
a data read/write operation), but stores data in a ferroelectric 
capacitor and becomes nonvolatile during a standby period. 
Thus, with a ferroelectric shadow memory, it is possible to 
achieve both high-speed operation during an active period 
and power saving (leak current reduction) during a standby 
period. 
00.10 Examples of conventional technology related to the 
foregoing are seen in Non-Patent Documents 1 and 2 identi 
fied below. 

0011 Non-Patent Document 1: S. Masui, W. Yokozeki, et 
al., “Design and applications of ferroelectric nonvolatile 
SRAM and flip-flop with unlimited read/program cycles 
and stable recall. In Proc. of IEEE CICC, pp. 403-406, 
2003. 

0012 Non-Patent Document 2: T. Miwa, J. Yamada, et al., 
“NV-SRAM: A Nonvolatile SRAM with Backup Ferro 
electric Capacitors’, IEEE JSSC, vol. 36, no. 3, pp. 522 
527, 2001. 

0013 Inconveniently, however, compared with SRAM 
having a 6T structure, ferroelectric shadow memory has the 
following shortcomings: (1) high electric power consumption 
during an active period; (2) slow operation speed during an 
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active period; and (3) difficulty detecting defects inferroelec 
tric capacitors due to production variations. 

SUMMARY OF THE INVENTION 

0014. In view of the above-discussed problems found out 
by the present inventors, an object of the present invention is 
to provide a semiconductor memory device that achieves 
power saving during an active period, high-speed operation 
during an active period, and improved yields. 
0015. According to one embodiment disclosed herein, a 
semiconductor memory device includes: a plurality of 
memory cells; a word line commonly connected to the plu 
rality of memory cells; a plurality of bit lines and a plurality 
of inverted bit lines respectively connected to the plurality of 
memory cells; and a memory controller operable to control 
access to the plurality of memory cells. Here, the plurality of 
memory cells each include: an inverter loop connected 
between a first node and a second node; a first access transis 
tor connected between the first node and a bit line and turned 
on and off according to a Voltage applied to the word line; a 
second access transistor connected between the second node 
and an inverted bit line and turned on and off according to a 
Voltage applied to the word line; a first node capacitor con 
nected to the first node and having a higher capacitance than 
a parasitic capacitor of the bit line; and a second node capaci 
tor connected to the second node and having a higher capaci 
tance than a parasitic capacitor of the inverted bit line. When 
accessing a memory cell that is a target of a read/write, the 
memory controller drives the word line to turn on the first and 
second access transistors without precharging a bit line and an 
inverted bit line that are connected to a memory cell that is not 
a target of the read/write. 
0016. According to another embodiment disclosed herein, 
a semiconductor memory device includes: a plurality of 
memory cells; a plurality of plate lines respectively connected 
to the plurality of memory cells; a plate line driver operable to 
drive the plurality of plate lines individually; and a memory 
controller operable to control access to the plurality of 
memory cells. Here, the plurality of memory cells each 
include: an inverter loop connected between a first node and 
a second node, a first access transistor connected between the 
first node and a bit line; a second access transistor connected 
between the second node and an inverted bit line; a first 
ferroelectric capacitor connected between the first node and a 
plate line; and a second ferroelectric capacitor connected 
between the second node and the plate line. When restoring/ 
recalling data in the memory cells, the memory controller 
pulse-drives the plurality of plate lines sequentially by use of 
the plate line driver and meanwhile, before pulse-driving an 
uncharged plate line by use of the plate line driver, the 
memory controller performs charge sharing between a 
charged plate line and the uncharged plate line. 
0017. According to yet another embodiment disclosed 
herein, a wordline driver includes: an output stage operable to 
drive a word line of a memory cell according to a word line 
enable signal; and a boost stage operable to raise the Voltage 
applied to the word line to higher thana Supply Voltage to the 
output stage by driving a ferroelectric capacitor according to 
a boost enable signal. 
0018. According to still another embodiment disclosed 
herein, a plate line driver includes: a first output stage oper 
able to generate a second plate line enable signal according to 
a first plate line enable signal; a second output stage operable 
to drive a plate line of a memory cell according to the second 
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plate line enable signal; and a boost stage operable to augment 
the driving capacity of the second output stage by lowering 
the second plate line enable signal to a negative Voltage by 
driving a ferroelectric capacitor according to a boost enable 
signal. 
0019. According to a further embodiment disclosed 
herein, a semiconductor memory device includes: an inverter 
loop connected between a first node and a second node; a first 
access transistor connected between the first node and a bit 
line; a second access transistor connected between the second 
node and an inverted bit line; a first ferroelectric capacitor 
connected between the first node and a plate line; a second 
ferroelectric capacitor connected between the second node 
and the plate line; and an external terminal operable to apply 
arbitrary analog voltages to the bit line and the inverted bit 
line respectively. 
0020. These and other features, elements, steps, benefits, 
and characteristics of the present invention will become clear 
through the following detailed description of the best modes 
of carrying out the invention with reference to the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a block diagram showing an overall con 
figuration of a semiconductor memory device; 
0022 FIG. 2 is a circuit diagram showing one example of 
configuration of a memory cell 11; 
0023 FIG. 3 is a timing chart showing one example of 
operation of a memory cell 11; 
0024 FIG. 4 is a diagram illustrating necessity forbit line 
precharging in SRAM; 
0025 FIG.5 is a diagram showing a bit line non-precharge 
method in ferroelectric shadow memory; 
0026 FIG. 6 is a diagram showing one example of con 
figuration for realizing BL/XBL equalizing; 
0027 FIG. 7 is a diagram showing usefulness of a bit line 
non-precharge method; 
0028 FIG. 8 is a diagram showing advantage of BL/XBL 
short-circuiting: 
0029 FIG. 9 is a diagram showing one example of con 
figuration for realizing plate line charge sharing; 
0030 FIG. 10 is a timing chart showing one example of 
operation for plate line charge sharing; 
0031 FIG. 11 is a diagram showing usefulness of a plate 
line charge share method; 
0032 FIG. 12 is a circuit diagram showing one example of 
configuration of a word line driver 20; 
0033 FIG. 13 is a table of comparison of areas of different 
types of capacitor, 
0034 FIG. 14 is a timing chart showing one example of 
operation for word line boosting: 
0035 FIG. 15 is a diagram showing usefulness of a word 
line boost method; 
0036 FIG. 16 is a diagram illustrating optimization of a 
boost delay; 
0037 FIG. 17 is a diagram showing how Twr varies as Tbd 

is extended (Tbd-T0); 
0038 FIG. 18 is a diagram showing how Twr varies as Tbd 

is extended (Tbd>T0); 
0039 FIG. 19 is a diagram showing a correlation between 
boost delay Tbd and data rewriting time Twr: 
0040 FIG.20 is a diagram illustrating factors determining 
T1, T2, and T0; 
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0041 FIG. 21 is a diagram showing how T0 varies with 
WL raising time; 
0042 FIG.22 is a circuit diagram showing one example of 
configuration of a delay stage 26: 
0043 FIG. 23 is a diagram showing usefulness of a delay 
stage 26: 
0044 FIG. 24 is a table showing conditions for a simula 
tion; 
0045 FIG. 25 is a diagram of comparison of write access 
times; 
0046 FIG. 26 is a table showing results of a simulation of 
word line boosting: 
0047 FIG.27 is a circuit diagram showing one example of 
configuration of a plate line driver 40: 
0048 FIG. 28 is a timing chart showing one example of 
operation for plate line driver boosting: 
0049 FIG. 29 is a table showing results of a simulation of 
plate line driver boosting: 
0050 FIG. 30 is a conceptual diagram showing the effect 
of application to an intermittently started sensing application; 
0051 FIG. 31 is a table of comparison of active periods: 
0.052 FIG. 32 is a diagram illustrating recall failure due to 
deterioration with time; 
0053 FIG.33 is a circuit diagram showing a first example 
of configuration of a semiconductor memory device taken as 
a target of margin testing: 
0054 FIG. 34 is a timing chart showing a pass pattern in a 

first test; 
0055 
first test; 
0056 FIG. 36 is a circuit diagram showing a second 
example of configuration of a semiconductor memory device 
taken as a target of margin testing: 
0057 FIG. 37 is a timing chart showing a pass pattern in a 
second test; 
0.058 FIG. 38 is a timing chart showing a fail pattern in a 
second test; 
0059 FIG. 39 is a timing chart showing a pass pattern in a 
third test; and 
0060 FIG. 40 is a timing chart showing a fail pattern in a 
third test. 

FIG. 35 is a timing chart showing a fail pattern in a 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0061 Semiconductor Memory Device: 
0062 FIG. 1 is a block diagram showing an overall con 
figuration of a semiconductor memory device. The semicon 
ductor memory device of this configuration example includes 
a memory block 1 and a memory controller 2. 
0063. The memory block 1 is a circuit block for storing 
data, and includes a memory cell array 10, a word line driver 
20, an X decoder 30, a plate line driver 40, a Y decoder/ 
column selector 50, a write circuit 60, and a read circuit 70. 
The memory controller 2 is a circuit block for controlling 
access to the memory block 1 (and hence a plurality of 
memory cells 11), and suitably comprises a CPU (central 
processing unit) or the like. 
0064. The memory cell array 10 includes a plurality of 
memory cells 11 arrayed in a matrix. The memory cells 11 
comprise ferroelectric shadow memory having a 6T-4C or 
6T-2C structure. To the memory cells 11, there are connected 
word lines WL for controlling access during a read/write 
operation, bit lines BL and inverted bit lines XBL for input 
ting/outputting data during a read/write operation, and first 
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plate lines PL1 and second plate lines PL2 for driving ferro 
electric capacitors during a restore/recall operation, etc. The 
configuration and operation of the memory cells 11 will be 
described in detail later. 
0065. In response to an instruction from the X decoder 30, 
the word line driver 20 drives a word line WL that is con 
nected to a memory cell 11 that is a target of a read/write 
operation. 
0066. In response to an instruction from the memory con 

troller 2, the X decoder 30 drives the word line driver 20. 
0067. In response to an instruction from the Y decoder/ 
column selector 50, the plate line driver 40 drives plate lines 
PL1 and PL2 that are connected to a memory cell 11 that is a 
target of a store/recall operation. 
0068. In response to an instruction from the memory con 

troller 2, the Y decoder/column selector 50 drives the plate 
line driver 40. In response to an instruction from the memory 
controller 2, the Y decoder/column selector 50 makes a bit 
line BL and an inverted bit line XBL that are connected to a 
memory cell 11 that is a target of a read/write operation 
conduct selectively either to the write circuit 60 or to the read 
circuit 70. 
0069. According to data to be written to the memory cells 
11, the write circuit 60 drives the bit lines BL and the inverted 
bit lines XBL. 

0070. The read circuit 70 includes a sense amplifier which 
compares Voltages (amplify Voltage differences) between the 
bit lines BL and the inverted bit lines XBL and thereby read 
data from the memory cells 11. 
(0071 Memory Cells: 
0072 FIG. 2 is a circuit diagram showing one example of 
the configuration of a memory cell 11. The memory cell 11 of 
this configuration example is a ferroelectric memory having a 
6T-4C structure, and includes drive transistors M2 and M4 of 
an N-channel type, load transistors M1 and M3 of a P-channel 
type, access transistors M5 and M6 of an N-channel type, and 
ferroelectric capacitors FC1 to FC4. In the following descrip 
tion, for convenience' sake, the drive transistors M2 and M4, 
the load transistors M1 and M3, and the access transistors M5 
and M6 are referred to simply as the transistors M1 to M6 
respectively. 
0073. The sources of the transistors M1 and M3 are both 
connected to a Supply power node. The drains of the transis 
tors M1 and M2 and the gates of the transistors M3 and M4 are 
all connected to an internal node Node 1. The drains of the 
transistors M3 and M4 and the gates of the transistors M1 and 
M2 are all connected to an internal node Node2. The sources 
of the transistors M2 and M4 are both connected to a ground 
node. 

0.074 The transistors M1 and M2 constitute an inverter of 
which the input terminal is connected to the internal node 
Node2 and of which the output terminal is connected to the 
internal node Node 1. The transistors M3 and M4 constitute an 
inverter of which the input terminal is connected to the inter 
nal node Node 1 and of which the output terminal is connected 
to the internal node Node2. Thus, the transistors M1 to M4 
function as an inverter loop connected between the internal 
nodes Node1 and Node2. 

0075. The transistor M5 is connected between the internal 
node Node1 and a bit line BL, and is turned on and off 
according to the Voltage applied to a word line WL connected 
to the gate of the transistor M5. On the other hand, the tran 
sistor M6 is connected between the internal node Node2 and 
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an inverted bit line XBL, and is turned on and off according to 
the voltage applied to a word line WL connected to the gate of 
the transistor M6. 

(0076. The ferroelectric capacitor FC1 is connected 
between the internal node Node1 and a plate line PL2. The 
ferroelectric capacitor FC2 is connected between the internal 
node Node1 and the plate line PL2. The ferroelectric capaci 
tor FC3 is connected between the internal node Nodel and a 
plate line PL1. The ferroelectric capacitor FC4 is connected 
between the internal node Node2 and the plate line PL1. 
0077. In the memory cell 11 configured as described 
above, the internal nodes Nodel and Node2 both function as 
storage nodes of the memory cell 11, and the Voltages at those 
nodes have voltage levels that reflect logic data “0” or “1” 
stored at the memory cell 11. 
0078 FIG. 3 is a timing chart illustrating one example of 
the operation of the memory cell 11 (a write operation in 
column (a), a read operation in column (b), a store operation 
in column (c), and a recall operation in column (d)). In each of 
columns (a) to (d) are shown, from top down, the word line 
WL, the bit line BL, the inverted bit line XBL, the plate lines 
PL1 and P12, and the supply voltage VDD (corresponding to 
an enabled or a disabled state of the inverter loop). 
0079. In a write operation in the memory cell 11, the word 
line WL is raised to high level, so that the transistors M5 and 
M6 turn on. At this point, if the bit line BL is at high level and 
the inverted bit line XBL is at low level, the transistors M1 and 
M4 turn on, and the transistors M2 and M3 turnoff. As a result 
of the operation state of the inverter loop being definitively 
determined in this way, the internal node Node1 is held at high 
level, and the internal node Node2 is held at low level. This 
state corresponds to a state where logic data “1” is written to 
the memory cell 11, and is maintained so long as the Supply 
voltage VDD is being supplied, even after the word line WL 
is lowered to low level. In contrast, logic data “0” can be 
written to the memory cell 11 by, while the word line WL is at 
high level, turning the bit line BL to low level and turning the 
inverted bit line XBL to high level. During a write operation 
in the memory cell 11, the plate lines PL1 and PL2 are both 
held at low level. 

0080. In a read operation in the memory cell 11, the bit line 
BL and the inverted bit line XBL are brought into a floating 
state, and the word line WL is raised to high level, so that the 
transistors M5 and M6 turn on. At this point, the voltages 
applied to the internal nodes Node1 and Node2 appear at the 
bit line BL and the inverted bit line XBL respectively. Thus, 
by comparing Voltages (amplifying the Voltage difference) 
between the bit line BL and the inverted bit line XBL, whether 
the logic data written to the memory cell 11 is “1” or “0” can 
be read out. 

I0081. As described above, in the memory cell 11 having a 
6T-4C structure, read/write operations are performed basi 
cally in the same manner as in SRAM having a 6T structure. 
I0082 Astore operation in the memory cell 11 is an opera 
tion in which data is transferred from the internal nodes 
Node 1 and Node2 to the ferroelectric capacitors FC1 to FC4 
So as to be made nonvolatile, and is performed during transi 
tion from an active state to a sleep state (before the supply of 
the supply voltage VDD to the inverter loop is shut off). More 
specifically, in a store operation in the memory cell 11, the 
plate lines PL1 and PL2 are both pulse-driven so as to deter 
mine the residual polarization states of the ferroelectric 
capacitors FC1 to FC4. 
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0083 Consider, for example, a case where logic data “1” is 
stored in the memory cell 11, that is, the internal node Node 1 
is at high level and the internal node Node2 is at low level. In 
this case, while the plate lines PL1 and PL2 are kept at low 
level, no voltage is applied across either the ferroelectric 
capacitor FC2 or FC4, and Voltages of opposite polarities are 
applied across the ferroelectric capacitors FC1 and FC3 
respectively. On the other hand, while the plate lines PL1 and 
PL2 are kept at high level, no voltage is applied across either 
the ferroelectric capacitor FC2 or FC4, and voltages of oppo 
site polarities are applied across the ferroelectric capacitors 
FC1 and FC3 respectively. As a result, the residual polariza 
tion states of the ferroelectric capacitors FC1 to FC4 are such 
that the ferroelectric capacitors FC1 and FC3 have opposite 
polarities, that the ferroelectric capacitors FC2 and FC4 have 
opposite polarities, that the ferroelectric capacitors FC1 and 
FC2 have opposite polarities, and that the ferroelectric 
capacitors FC3 and FC4 have opposite polarities. When logic 
data “0” is stored in the memory cell 11, the residual polar 
ization states of the ferroelectric capacitors FC1 to FC4 are 
quite the opposite of what is described above. 
0084. Thereafter, the supply of the supply voltage VDD is 
shut off, and transition from an active state to a sleep state 
takes place. Here, however, the residual polarization states of 
the ferroelectric capacitors FC1 to FC4 are held to be those 
before the power shut-off. This state corresponds to a state 
where data has been transferred from the internal nodes 
Node1 and Node2 to the ferroelectric capacitors FC1 to FC4 
and has been made nonvolatile. 

0085. A recall operation in the memory cell 11 is an opera 
tion in which data is restored from the ferroelectric capacitors 
FC1 to FC4 to the internal nodes Node1 and Node2, and is 
performed during recovery from a sleep state to an active state 
(before the supply of the supply voltage VDD to the inverter 
loop is restarted). More specifically, in a recall operation in 
the memory cell 11, one of the plate lines PL1 and PL2 is 
pulse-driven, so that Voltages that reflect the residual polar 
ization states of the ferroelectric capacitors FC1 to FC4 are 
induced at the internal nodes Node1 and Node2. 

I0086 Consider, for example, a case where logic data “1” is 
stored in the ferroelectric capacitors FC1 to FC4. In this case, 
when the plate line PL1 is switched from low level to high 
level, at the internal node Node1, according to the residual 
polarization states of the ferroelectric capacitors FC1 and 
FC3, a voltage wkH (weak high) that is high relative to the 
internal node Node2 is induced. On the other hand, at the 
internal node Node2, according to the residual polarization 
states of the ferroelectric capacitors FC2 and FC4, a voltage 
wkL (weaklow) that is low relative to the internal node Node 1 
is induced. Thus, between the internal nodes Nodel and 
Node2, a voltage difference reflecting the residual polariza 
tion states of the ferroelectric capacitors FC1 to FC4 appears. 
0087. Thereafter, when the supply of the supply voltage 
VDD to the inverter loop is restarted, due to the amplifying 
action of the inverter loop, the internal node Node1 is raised 
from an unstable voltage wkH to high level, and the internal 
node Node2 is lowered from an unstable voltage wkl, to low 
level. This state is a state where data has been restored from 
the ferroelectric capacitors FC1 to FC4 to the internal nodes 
Node1 and Node2. Incidentally, in a case where logic data “0” 
is stored in the ferroelectric capacitors FC1 to FC4, the volt 
ages induced at the internal nodes Node1 and Node2 when the 
plate line PL1 is pulse-driven are quite the opposite from what 
is described above. 
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First Embodiment 

I0088 Next, a description will be given of a bit line non 
precharge method, in which the bit line and the inverted bit 
line are not precharged during a read/write operation. 
I0089 FIG. 4 is a diagram illustrating the necessity for bit 
line precharging in an SRAM memory cell having a 6T struc 
ture. As shown there, a plurality of SRAM memory cells 11-1 
and 11-2 belonging to the same row are all connected to a 
single word line WL. On the other hand, a plurality of SRAM 
memory cells 11-1 and 11-2 belonging to different columns 
are respectively connected to corresponding bit lines BL1 and 
BL2 and to corresponding inverted bit lines XBL1 and XBL2. 
(0090. In a read/write operation in the SRAM memory cell 
11-1, the word line WL is raised to high level. As a result, the 
SRAM memory cell 11-1 that is a target of the read/write 
operation becomes connected to the corresponding bit line 
BL1 and inverted bit line XBL1. Here, the word line WL is 
connected also to the SRAM memory cell 11-2 that is not a 
target of the read/write operation. Accordingly, when the 
word line WL is raised to high level, the SRAM memory cell 
11-2 that is not a target of the read/write operation also 
becomes connected to the corresponding bit line BL2 and 
inverted bit line XBL2. 
(0091. Here, the internal nodes in the SRAM memory cells 
11-1 and 11-2 are accompanied by a parasitic capacitor Cp1 
with a very low capacitance. By contrast, laid over a very 
large wiring length, the bit line BL and the inverted bit line 
XBL are accompanied by a parasitic capacitor Cp2 with a 
higher capacitance. 
0092. Thus, when, in a read/write operation in the SRAM 
memory cell 11-1, the word line WL is raised to high level, if 
the bit line BL2 and inverted bit line XBL2 connected to the 
SRAM memory cell 11-2 have not been precharged (i.e., if 
the parasitic capacitor Cp2 has not been charged), electric 
charge redistribution between the parasitic capacitors Cp1 
and Cp2 may cause data corruption in the SRAM memory cell 
11-2. 
0093. To prevent such data corruption, in conventional 
operation, before the word line WL is raised to high level, a 
predetermined voltage (VDD or VDD/2) is applied to the bit 
line BL2 and inverted bit line XBL2 connected to the SRAM 
memory cell 11-2 that is not a target of the read/write opera 
tion, so that the parasitic capacitor Cp2 is charged previously. 
This is called a bit line precharge method. 
0094. By contrast, in the memory cell 11 (ferroelectric 
shadow memory) shown in FIG. 2, to the internal nodes 
Node 1 and Node2 are connected the ferroelectric capacitors 
FC1 to FC4 which have a far higher capacitance than the 
parasitic capacitor Cp2. Thus, when the word line WL is 
raised to high level, even if the bit line BL and inverted bit line 
XBL are not precharged, electric charge redistribution 
between the parasitic capacitor Cp2 and the ferroelectric 
capacitors FC1 to FC4 causes only slight Voltage variations at 
the internal nodes Nodel and Node2. 
0.095 However, conventionally, even in the operation of 
ferroelectric shadow memory, since it is based on SRAM 
memory cells, a method for driving these has been followed, 
and bit line precharging is performed rather routinely. 
0096 Suspicious of the significance of such bit line pre 
charging, the present inventors have, through intensive stud 
ies, found out that the ferroelectric capacitors FC1 to FC4. 
which are provided chiefly for the purpose of making data 
nonvolatile, can also contribute to prevention of data corrup 
tion in the memory cell 11 during an active period, and have 
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come to a conclusion that no bit line precharging is necessary 
in the operation of ferroelectric shadow memory. 
0097 FIG.5 is a diagram showing a bit line non-precharge 
method inferroelectric shadow memory. As shown in column 
(a), in the operation of an SRAM memory cell, before the 
word line WL is raised to high level, the bit line BL and 
inverted bit line XBL are precharged. By contrast, as shown in 
column (b), in the operation of ferroelectric shadow memory, 
based on the above-mentioned finding, the word line WL can 
be raised to high level with no precharging of the bit line BL 
and inverted bit line XBL. 
0098 Specifically, in a semiconductor memory device 100 
that adopts ferroelectric shadow memory as memory cells 11, 
it is preferable to program the operation sequence of the 
memory controller 2 such that, when accessing a memory cell 
that is a target of a read/write operation, it drives the word line 
WL to turn on the transistors M5 and M6 without precharging 
the bit line BL and inverted bit line XBL connected to a 
memory cell that is not a target of the read/write operation. 
0099 Moreover, in a case where the bit line non-precharge 
method is adopted, it is preferable to provide an equalizer for 
making the potentials on a bit line BL and an inverted bit line 
XBL in a pair equal. 
0100 FIG. 6 is a diagram showing one example of con 
figuration for achieving equalizing between a bit line BL and 
an inverted bit line XBL. In this configuration example, a 
transmission gate SW is connected between a bit line BL and 
an inverted bit line XBL in a pair. Though not expressly 
shown in the figure, transmission gates SW are provided one 
for each pair comprising one each of a plurality of bit lines BL 
and a plurality of inverted bit lines XBL provided. 
0101 The transmission gate SW is turned on and offby the 
memory controller 2. More specifically, when accessing a 
memory cell that is a target of a read/write operation, the 
memory controller 2 turns on a transmission gate SW 
between a bit line BL and an inverted bit line XBL that are 
connected to a memory cell that is not a target of the read/ 
write operation. 
0102. By turning on the transmission gate SW, it is pos 
sible to short-circuit together the bit line BL and inverted bit 
line XBL connected to the memory cell that is not a target of 
the read/write operation, and thereby to make the potentials 
on them equal. Thus, it is possible to avoid the worst case in 
which data in the memory cell 11 corrupts (e.g., a situation 
where high level is applied to the low level-side internal node 
and low level is applied to the high level-side internal node), 
and thus to more reliably prevent data corruption in the 
memory cell 11. 
0103) As described above, the semiconductor memory 
device 100 proposed in the first embodiment omits bit line 
precharging in a read/write operation by use of the high 
capacity ferroelectric capacitors FC1 to FC4 connected to the 
internal nodes Node1 and Node2 in the memory cell 11, and 
thus operates only with equalizing by use of a transmission 
gate SW. By adopting this configuration, it is possible to 
greatly reduce the electric power consumption during a read/ 
write operation. 
0104 FIG. 7 is a diagram showing the usefulness of the bit 
line non-precharge method. As shown there, by adopting the 
bit line non-precharge method, it is possible to reduce the 
electric power consumption during a write operation by 74% 
from the conventional level, and to reduce the electric power 
consumption during a read operation by 77% from the con 
ventional level. 
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0105. Also, for its high-speed operation, the equalizing 
method involving short-circuiting between a bit line BL and 
an inverted bit line XBL with a transmission gate SW is 
Superior to the conventional bit line precharge method. 
0106 FIG. 8 is a diagram showing the advantage of the 
equalizing method described above. As shown in column (a) 
there, in a case where a bit line BL and an inverted bit line 
XBL are precharged with the supply voltage VDD, in the 
worst case (BL=XBL=GND), it takes time T1 for the bit line 
BL and inverted bit line XBL to reach the supply voltage 
VDD. This requires that the bit line precharging time be set 
equal to or longer than the time T1. 
0107. By contrast, as shown in column (b) in FIG. 8, in a 
case where a bit line BL and an inverted bit line XBL are 
short-circuited together, the time it takes for the potentials on 
the bit line BL and inverted bit line XBL to become equal is, 
even in the worst case (BL=VDD, XBL=GND), shorter than 
the above-mentioned time T1. Thus, it is possible to quickly 
complete equalizing and raise the word line WL to high level, 
and hence to shorten the read/write time. Shortening the 
read/write time leads to shortening active periods (lengthen 
ing sleep periods), and thus also contributes to power saving 
in the entire system. 
0.108 Moreover, adopting the bit line non-precharge 
method also contributes to increased capacity of the semicon 
ductor memory device 100. Conventionally, for a read/write 
operation in a given memory cell, all the bit lines BL and 
inverted bit lines XBL connected to each memory cell other 
than the one that is a target of the read/write operation are 
precharged. Thus, with consideration given to the electric 
power required forbit line precharging, there is inherently an 
upper limit on the number of memory cells 11 connected to 
one word line WL (and hence the wiring length of the word 
line WL). Moreover, the longer the wiring length of the bit 
line and the inverted bit line XBL, the higher the capacitance 
of the parasitic capacitor Cp2 that accompanies them, and 
thus the higher the electric power required for precharging. 
Thus, there is inherently an upper limit also on the wiring 
length of the bit line and the inverted bit line XBL. 
0109. On the other hand, adopting the bit line non-pre 
charge method makes it possible to make the memory cell 
array 10 larger (make the word line WL, or the bit line BL and 
inverted bit line XBL, longer) with no consideration given to 
precharging electric power. Thus, it is possible to increase the 
proportion of the area of the memory cell array 10 in the entire 
memory block 1 (the ratio of the area of the memory cell array 
10 to that of the peripheral circuits 20 to 70). It is thus possible 
to increase the storage capacity (storage density per unit time) 
of the semiconductor memory device 100 without unduly 
increasing its device size). 
0110. Although the above description deals with an 
example where the bit line non-precharge method is applied 
to a ferroelectric shadow memory, this is not meant to limit 
the target of its application. The bit line non-precharge 
method described above can suitably be applied to any 
memory based on SRAM memory cells having a 6T structure 
wherein internal nodes are connected to node capacitors hav 
ing a higher capacitance than the parasitic capacitor Cp2. 
That is, node capacitors that can contribute to the holding of 
data in a memory cell 11 are not limited to ferroelectric 
capacitors FC1 to FC4 connected to plate lines PL1 and PL2. 
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Second Embodiment 

0111. Next, a description will be given of a plate line 
charge share method in which electric charge is shared 
between plate lines PL1 and PL2 that are sequentially driven 
in a store/recall operation. 
0112 FIG. 9 is a diagram showing one example of con 
figuration for achieving the plate line charge share method. 
The semiconductor memory device 100 of this configuration 
example includes, as described previously, a plurality of 
memory cells 11 arrayed in a matrix, plate lines PL1(a, b, .. 
..) and PL2(a, b, ...) connected to the plurality of memory 
cells 11 respectively, a plate line driver 40 for driving the plate 
lines PL1(a, b, . . . ) and PL2(a, b, . . . ) individually, and a 
memory controller 2 for controlling access to the plurality of 
memory cells 11. 
0113. The semiconductor memory device 100 of this con 
figuration example further includes a plurality of transmis 
sion gates SW1(ab, bc,...) and SW2(ab, bc,...) commented 
between adjacent plate lines. Specifically, a transmission gate 
SW1ab is connected between plate lines PL1a and PL1b, and 
a transmission gate SW1bc is connected between plate lines 
PL1b and PL1c (the latter unillustrated). Likewise, a trans 
mission gate SW2ab is connected between plate lines PL2a 
and PL2b, and a transmission gate SW2bC is connected 
between plate lines PL2b and PL2c (the latter unillustrated). 
0114. When restoring/recalling data in the memory cell 
11, the memory controller 2 pulse-drives the plate lines PL1 
(a, b, ...) and PL2(a, b, ...) sequentially by use of the plate 
line driver 40. 
0115 Meanwhile, the memory controller 2 so controls 

that, before an uncharged plate line is pulse-driven by the 
plate line driver 40, charge sharing takes place between a 
charged and an uncharged plate line. More specifically, the 
memory controller 2 so controls that, before an uncharged 
plate line is pulse-driven by the plate line driver 40, a trans 
mission gate between a charged and an uncharged plate line is 
turned on and thereby these plate lines are short-circuited 
together. 
0116 FIG. 10 is a timing chart illustrating one example of 
operation for plate line charge sharing, and shows, from top 
down, an output enable signal OUT EN from the plate line 
driver 40, the voltages applied to the plate lines PL1(a, b, c), 
and the on/off states of the transmission gates SW1(ab, b.c). 
The plate line PL2(a, b, ...) and the transmission gate SW2(a, 
b, ...) are controlled so as to behave in a similar manner to the 
plate line PL1(a, b, ...) and the transmission gate SW1(a, b, 
. . . ), and are therefore omitted from illustration here. 
0117. When, at time point t1, the output enable signal 
OUT EN from the plate line driver 40 is raised to high level 
(the logic level with output enabled), the plate line PL1a is 
charged up to the supply voltage VDD. 
0118 When, at time point t2, the output enable signal 
OUT EN from the plate line driver 40 is lowered to low level, 
the plate line PL1a is brought into a floating state. Thus, the 
plate line PL1a is kept substantially at the supply voltage 
VDD after time point t2. 
0119 When, at time point t3, the transmission gate 
SW1ab is turned on, the path between the charged plate line 
PL1a and the uncharged plate line PL1b conducts, and thus 
charge sharing (charge redistribution) takes place until the 
voltages on them are equal (VDD/2). 
0120 When, at time point tak, the transmission gate 
SW1ab is turned off, the path between the plate lines PL1a 
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and PL1b is cut off. The plate lines PL1a and PL1b are kept 
substantially at an equal voltage (VDD/2) after time point 
t4. 
I0121 When, at time point t5, the output enable signal 
OUT EN from the plate line driver 40 is raised to high level 
(the logic level with output enabled), whereas the plate line 
PL1b is charged up to the supply voltage VDD, the plate line 
PL1a is discharged downto a ground voltage GND. Here, the 
plate line PL1b has already been charged up to VDD/2; thus 
the electric power that needs to be supplied from the plate line 
driver 40 is less than (ideally one-half of) the electric power 
required for initial charging. 
I0122. After time point t6, charge sharing between a 
charged and an uncharged plate line continues in a similar 
manner as described above. 
I0123. The floating periods between time points t2 and t3, 
between time points ta and t5, and between time points té and 
t7 can be shortened or omitted as necessary. 
0.124. As described above, by adopting the plate line 
charge share method, unlike the conventional method involv 
ing individual charging of a plurality of plate lines, it is 
possible, instead of discarding all the electric charge stored in 
previous plate line charging, to exploit part of it in Subsequent 
plate line charging. It is thus possible to greatly reduce (ide 
ally down to approximately one-half) the electric power con 
sumption by the plate line driver 40. 
0.125. Although FIG. 10 deals with an example where 
plate lines are driven sequentially, one at the time, a configu 
ration is also possible where plate lines are driven a plurality 
of them at a time, in a plurality of steps. However, the larger 
the number of plate lines that are driven simultaneously, the 
higher the peak value of the drive current, and also the higher 
the electric power required in initial charging. Thus, the num 
ber of plate lines that are driven simultaneously can be 
designed with consideration given to a tradeoff between 
speed and required electric power. 
0.126 FIG. 11 is a diagram showing the usefulness of the 
plate line charge share method. As shown there, by adopting 
the plate line charge share method, it is possible to reduce the 
electric power consumption during a store operation by 22% 
relative to the conventional level, and to reduce the electric 
power consumption during a recall operation by 11% relative 
to the conventional level. 

Third Embodiment 

I0127. As shown in FIG. 2 previously referred to, in a 
ferroelectric shadow memory having a 6T-4C structure, inter 
nal nodes Node1 and Node2 are connected to ferroelectric 
capacitors FC1 to FC4 with a high capacitance. Thus, with a 
ferroelectric shadow memory, data writing during an active 
period requires longer time than with an SRAM having a 6T 
structure. As a solution to this problem, a description will be 
given below of a word line boost method in which the poten 
tial on a word line WL is raised in a write operation. 
I0128 FIG. 12 is a circuit diagram showing one example of 
the configuration of the word line driver 20. The word line 
driver 20 of this configuration example includes P-channel 
type field-effect transistors 21 and 22, an N-channel type 
field-effect transistor 23, an inverter 24, and a capacitor ele 
ment 25. 

0129. The source of the transistor 21 is connected to a 
Supply Voltage node. The drain of the transistor 21 is con 
nected to the source of the transistor 22. The drains of the 
transistors 22 and 23 are both connected to a word line WL. 
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The source of the transistor 23 is connected to a ground node. 
The gates of the transistors 21 and 23 are both connected to 
the output terminal of the inverter 24. The input terminal of 
the inverter 24 is connected to a node to which a word line 
enable signal WL EN is applied. The gate of the transistor 22 
is connected to a node to which a boost enable signal BST 
EN is applied. The capacitor element 25 is connected between 
the node to which the word line enable signal WL EN is 
applied and the node to which the boost enable signal BST 
EN is applied. 
0130. The transistors 21 and 23 and the inverter 24 func 
tion as an output stage which drives the word line WL of a 
memory cell 11 according to the word line enable signal 
WL EN. The transistor 22 and the capacitor element 25 func 
tion as a boost stage which drives the capacitor element 25 
(controls its coupling or connection so as to perform charge 
pumping) according to the boost enable signal BST EN so as 
to raise the voltage applied to the word line WL to higher than 
the Supply Voltage VDD in the output stage. 
0131 Conventionally, it is common to use, as the capacitor 
element 25 provided in the boost stage, (a) a MOS (metal 
oxide-semiconductor) capacitor, (c) a MIM (metal-insulator 
metal) capacitor, or (d) a MOM (metal-oxide-metal) capaci 
tor. By contrast, in the word line driver 20 of this 
configuration example, as the capacitor element 25, (b) a 
ferroelectric capacitor (Fe capacitor) is used. 
0132 FIG. 13 is a table of comparison of areas of different 
types of capacitor (the areas of a word line driver 20 and of a 
16-Kbit memory block 1 using each type of capacitor with the 
same capacitance). As shown there, for a given capacitance, a 
ferroelectric capacitor has a smaller area than the other types 
of capacitor. Accordingly, by using a ferroelectric capacitor 
as the capacitor element 25, it is possible to achieve word line 
boosting without unduly increasing the circuit area of the 
word line driver 20 (and hence of the memory block 1). 
0.133 For the capacitor element 25 provided in the boost 
stage, capacitance linearity is not very important, and thus a 
ferroelectric capacitor can be used there without problem 
despite a high polarizing property. Moreover, a ferroelectric 
shadow memory inherently incorporates ferroelectric capaci 
tors to achieve nonvolatility, and therefore adopting a ferro 
electric capacitor as the capacitor element 25 does not change 
in any way the manufacturing process of the semiconductor 
memory device 100. 
0134 FIG. 14 is a timing chart illustrating one example of 
operation for word line boosting, showing, from top down, 
the word line enable signal WL EN, the boost enable signal 
BST EN, and the voltage applied to the word line WL. 
0135) In a write operation in the memory cell 11, first, the 
word line enable signal WL EN is raised to high level, so that 
the voltage applied to the word line WL gradually increases. 
At this point, the boost enable signal BST EN is kept at low 
level. Accordingly, a Voltage difference appears across the 
capacitor element 25, and thus the capacitor element 25 is 
charged. 
0136. At the lapse of a predetermined delay time (boost 
delay) after the word line enable signal WL EN is raised to 
high level, the boost enable signal BST EN is raised to high 
level (e.g., VDD=1.8 V). At this point, electric charge has 
been charged across the capacitor element 25 (ferroelectric 
capacitor), and thus according to the principle of charge con 
servation, the word line WL is raised up to (Supply Voltage 
VDD)+a (e.g., 1.8 V+a). 
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0.137 As a result, the access transistors M5 and M6 pro 
vided in the memory cell 11 exhibit higher conductivity than 
when the supply voltage VDD is applied to the word line WL 
(without a boost). Thus, it is possible to shorten the time 
required for data writing during an active period without 
unduly increasing the driving capacity of the write circuit 60. 
0.138 FIG. 15 is a diagram illustrating the usefulness of 
the word line boost method. In column (a) is shown behavior 
without a word line boost, and in column (b) is shown behav 
ior with a word line boost. As will be understood from com 
parison between columns (a) and (b), by adopting a word line 
boost, it is possible to shorten the time for data rewriting, that 
is, the time until the Voltages applied to the internal nodes 
Node 1 and Node2 cross each other in a write operation. 
0.139 FIG. 16 is a diagram illustrating optimization of the 
boost delay. In the following description, the delay time after 
the word line enable signal WL EN is raised to high level 
until the boost enable signal BST EN is raised to high level is 
referred to as boost delay Tbd. The time after the word line 
enable signal WL EN is raised to high level until the voltages 
applied to the internal nodes Node1 and Node2 cross each 
other is referred to as data rewriting time Twr. The boost delay 
that minimizes the data rewriting time Twr is referred to as 
ideal boost delay T0. 
0140 FIGS. 17 and 18 are diagrams showing how the data 
rewriting time Twr varies as the boost delay Tbd is extended. 
FIG. 17 shows a case where the boost delay Tbd is shorter 
than the ideal boost delay T0 (Tbd<T0), and FIG. 18 shows a 
case where the boost delay Tbd is longer than the ideal boost 
delay T0 (Tbd>TO). 
(0.141. As shown in FIG. 17, in the region Tbd-T0, the 
more the boost delay Tbd is extended and thus the closer it is 
brought to the ideal boost delay T0, the higher the potential on 
the word line WL after the voltage raising. 
0142. On the other hand, as shown in FIG. 18, in the region 
Tbd-T0, the more the boost delay Tbd is extended and thus 
the farther it is deviated from the ideal boost delay T0, the 
shorter the time of the voltage raising on the word line WL, 
resulting in a smaller effect of improving the data rewriting 
time Twr. 
0.143 FIG. 19 is a diagram showing a correlation between 
the boost delay Tbd and the data rewriting time Twr. As shown 
there, the data rewriting time Twr is the shortest when the 
boost delay Tbd is equal to the ideal boost delay T0, and is the 
longer the farther the boost delay Tbd is deviated from the 
ideal boost delay T0. In the following description, the boost 
delay Tbd that is so short as to result in the same data rewriting 
time Twras without a boost is referred to as lower-limit boost 
delay T1. On the other hand, the boost delay Tbd that is so 
long as to result in the same data rewriting time Twras without 
a boost is referred to as upper-limit boost delay T2. 
014.4 FIG. 20 is a diagram illustrating the factors that 
determine the lower-limit boost delay T1, the upper-limit 
boost delay T2, and the ideal boost delay T0. 
0145 As shown in columns (a) and (b) in FIG. 20, the 
lower-limit boost delay T1 and the ideal boost delay T0 are 
determined based on how far the voltage applied to the word 
line WL has risen at the time point that the boost enable signal 
BST EN is raised to high level. On the other hand, as shown 
in column (c) there, the upper-limit boost delay T2 is deter 
mined based on how far the potential difference between the 
internal nodes Node1 and Node2 has lessened at the time 
point that the boost enable signal BST EN is raised to high 
level. 
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0146 FIG. 21 is a diagram showing how the ideal boost 
delay T0 varies with the duration of voltage raising on the 
word line WL (word line WL raising time). 
0147 Due to production variations among the transistors 
provided in the semiconductor memory device 100 (in par 
ticular, the word line driver 20), the word line WL raising time 
and the data writing time vary. Accordingly, the lower-limit 
boost delay T1, the upper-limit boost delay T2, and the ideal 
boost delay T0 also vary due to production variations among 
the transistors. 
0148 For example, as shown in column (a) in FIG. 21, the 
shorter the word line WL raising time, the shorter the ideal 
boost delay T0. In contrast, as shown in column (b) there, the 
longer the word line WL raising time, the longer the ideal 
boost delay T0. 
0149. As described above, the ideal boost delay T0 varies 
with the word line WL raising time. Accordingly, to obtain a 
maximum effect of improving the data rewriting time Twr by 
the word line boost method, it is necessary to generate the 
boost delay Tbd according to variation in the ideal boost delay 
TO. 
0150 FIG.22 is a circuit diagram showing one example of 
the configuration of the delay stage 26. The delay stage 26 of 
this configuration example is incorporated as a stage preced 
ing the word line driver 20, and generates the boost enable 
signal BST EN by delaying the word line enable signal 
WL EN by the boost delay Tbd. 
0151. More specifically, the delay stage 26 includes an 
X-stage inverter chain 261, which generates the word line 
enable signal WL EN by giving a predetermined delay to a 
reference enable signal DRV EN, and a y-stage inverter 
chain 262, which generates the boost enable signal BST EN 
by delaying the word line enable signal WL EN by the boost 
delay Tbd. 
0152 Incidentally, the transistors provided in the inverter 
chains 261 and 262 respectively are all formed by the same 
process by which the other transistors provided in the word 
line driver 20 are formed. Accordingly, even when there are 
production variations among the transistors, the characteris 
tics of the word line driver 20 and of the delay stage 26 vary 
in the same way. 
0153. More specifically, when production variations 
among the transistors are such that the word line driver 20 has 
higher driving capacity, the word line WL raising time is 
shorter, and the ideal boost delay T0 is also shorter (see FIG. 
21, column (a) referred to previously). Here, the inverter 
chain 262 has accordingly higher driving capacity, and thus 
the boost delay Tbd is shorter as the ideal boost delay T0 is. 
0154 By contrast, when production variations among the 

transistors are such that the word line driver 20 has lower 
driving capacity, the word line WL raising time is longer, and 
the ideal boost delay T0 is also longer (see FIG. 21, column 
(b) referred to previously). Here, the inverter chain 262 has 
accordingly lower driving capacity, and thus the boost delay 
Tbd is longer as is the ideal boost delay T0. 
0155 As described above, by configuring the delay stage 
26 with inverter chains 261 and 262, it is possible to vary the 
boost delay Tbd properly in accordance with the ideal boost 
delay T0. It is thus possible to obtain a maximum effect of 
improving the data rewriting time Twr by the word line boost 
method. 
0156 FIG. 23 is a diagram showing the usefulness of the 
delay stage 26. The boost delay Tbd generated by the delay 
stage 26 (inverter chains) is adjusted Such that, in a TT corner 
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at room temperature (25°C.), the boost delay Tbd equals the 
ideal boost delay T0. As shown in FIG. 23, the boost delay 
Tbd generated by the delay stage 26 equals the ideal boost 
delay T0 in any of process corners (FF. (fast/fast), SF (slow/ 
fast), TT (typical/typical), FS (fast/slow), and SS (slow/ 
slow)). The maximum deviation of the boost delay Tbd from 
the ideal boost delay T0 is -18% in the FF corner at -40°C. 
0157 FIG. 24 is a table showing the conditions for a 
SPICE simulation performed to evaluate the performance of 
the word line boost method. As shown there, the simulation 
was performed under the following conditions: process, 130 
nm, temperature, 25°C.; Supply Voltage, 1.5 V, macro con 
figuration, 16 bits per word; number of cells connected to a 
word line WL,256; and number of cells connected to a bit line 
BL 256. 
0158 FIG. 25 is a diagram of comparison of write access 
times. As shown there, the SPICE simulation yielded results 
that indicated a 21% improvement in write access time at the 
minimum. 
0159 FIG. 26 is a table showing the results of a simulation 
of word line boosting (in the TT corner, at 25°C.). As shown 
there, adopting the word line boost method described above 
resulted in a 47.8% increase in the electric power consump 
tion by the word line driver 20 compared with a configuration 
without a boost. However, in the 16-Kb memory block 1 as a 
whole, its electric power consumption increased only by a 
slight 1.3%. 
(0160 Thus, with the word line boost method described 
above, a reduction as large as 21% in write access time is 
achieved at the cost of an increase as slight as 1.3% in electric 
power consumption. 
0.161 Although the above description deals with, as an 
example, a word line driver that takes a ferroelectric shadow 
memory as a target of driving, this is not meant to limit the 
application of the word line boost method. The word line 
boost method described above can suitably be applied also in 
cases where the target of driving is, for example, a memory 
based on SRAM memory cells having a 6T structure wherein 
internal nodes are connected to a node capacitor having a 
higher capacitance than the parasitic capacitor Cp2. 

Fourth Embodiment 

0162 To make a memory cell 11 (ferroelectric shadow 
memory) nonvolatile, it is necessary, before the shutting-off 
and restarting of the Supply Voltage VDD, to perform a data 
store/recall operation by pulse-driving plate lines PL1 and 
PL2 by use of the plate line driver 40. 
(0163. However, the ferroelectric capacitors FC1 to FC4 
connected to the plate lines PL1 and PL2 have a high capaci 
tance, and thus charging the plate lines PL1 and PL2 up to 
predetermined potentials requires a long time. A description 
will be given below of a plate line driver boost method in 
which the driving capacity of the plate line driver 40 is aug 
mented during a store/recall operation as a means for short 
ening the charging time of the plate lines PL1 and PL2 to 
achieve a high-speed store/recall operation. 
0164 FIG.27 is a circuit diagram showing one example of 
the configuration of the plate line driver 40. The plate line 
driver 40 includes P-channel type field-effect transistors 41 
and 42, N-channel type field effect transistors 43 to 45, an 
inverter 46, and a ferroelectric capacitor 47. 
0.165. The source of the transistor 41 is connected to a 
Supply Voltage node. The drains of transistors 41 and 43 are 
both connected to a node to which a second plate line enable 
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signal PL EN2 is applied (corresponding to a boost target 
node). The source of the transistor 43 is connected to the drain 
of the transistor 44. The source of the transistor 44 is con 
nected to a ground node. The gates of the transistors 41 and 44 
are both connected to a node to which a plate line enable 
signal PL EN is applied. The gate of the transistor 43 is 
connected to the output terminal of the inverter 46 (a node to 
which an inverted boost enable signal B ENB is applied). 
The input terminal of the inverter 46 is connected to a node to 
which a boost enable signal B EN is applied. The ferroelec 
tric capacitor 47 is connected between the output terminal of 
the inverter 46 and the node to which the second plate line 
enable signal PL EN2 is applied. The source of the transistor 
42 is connected to the Supply Voltage node. The drains of the 
transistors 42 and 45 are both connected to a plate line PL. 
The source of the transistor 45 is connected to the ground 
node. The gates of the transistors 42 and 45 are both con 
nected to the node to which the second plate line enable signal 
PL EN2 is applied. 
0166 The transistors 41 and 44 function as a first output 
stage (first inverter stage) which generates the second plate 
line enable signal PL EN2 according to the plate line enable 
signal PL EN. The transistors 42 and 45 function as a second 
output stage (second inverter stage) which drives the plate 
line of the memory cell 11 according to the plate line enable 
signal PL EN. The transistor 43, the inverter 46, and the 
ferroelectric capacitor 47 function as a boost stage which 
augments the driving capacity of the second output stage by 
lowering the plate line enable signal PL EN down to a nega 
tive voltage by driving the ferroelectric capacitor 47 (control 
ling its coupling or connection so as to perform charge pump 
ing) according to the boost enable signal B EN. 
0167 As in the word line driver 20 described previously, it 

is preferable to use, as the capacitor element provided in the 
boost stage, a ferroelectric capacitor 47, which has a high 
capacitance per unit area. However, the ferroelectric capaci 
tor 47 may be replaced with a MOS capacitor, a MIM capaci 
tor, or a MOM capacitor. 
0168 FIG. 28 is a timing chart showing one example of 
operation for plate line driver boosting, and shows, from top 
down, the plate line enable signal PL EN, the inverted boost 
enable signal B ENB, the second plate line enable signal 
PL EN2, and the voltage applied to the plate line. 
0169. In a store/recall operation in the memory cell 11, 

first, the plate line enable signal PL EN is raised to high level, 
and the second plate-line enable signal PL EN2 is lowered to 
low level. As a result, the transistor 42 turns on, and thus the 
Voltage applied to the plate line gradually increases. At this 
point, the boost enable signal B EN remains at low level, and 
the inverted boost enable signal B ENB is kept at high level. 
Accordingly, a potential difference appears across the ferro 
electric capacitor 47, and thus the ferroelectric capacitor 47 is 
charged. 
0170 Next, at the time point that the second plate line 
enable signal PL EN2 becomes equal to the ground Voltage 
GND, the boost enable signal B EN turns to high level, and 
the inverted boost enable signal B ENB is lowered to low 
level. At this point, electric charge has been charged across 
the ferroelectric capacitor 47, and thus according to the prin 
ciple of charge conservation, the second plate line enable 
signal PL EN2 is lowered down to a negative voltage 
(=GND-C). 
0171 As a result, the transistor 42 exhibits higher conduc 

tivity than when the second plate line enable signal PL EN2 
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is made equal to the ground Voltage GND (with no boost), and 
hence the driving capacity of the second output stage (the 
on-state current through the transistor 42) is augmented. In 
this way, by augmenting the driving capacity of the plate line 
driver 40 instead of increasing the high-level voltage on the 
plate line, it is possible to shorten the charging time of the 
plate line PL and achieve a high-speed store/recall operation. 
0172 FIG.29 is a table showing the results of a simulation 
of plate line driver boosting (in a TT corner, at 25°C.). The 
conditions for the simulation were the same as those shown in 
FIG. 24 referred to previously. As shown in FIG. 29, adopting 
the plate line driver boost method described above resulted in 
a reduction as large as about 33% in the plate line charge time 
being achieved with an increase as slight as 0.43% in electric 
power consumption. 
0173 FIG. 30 is a conceptual diagram showing workings 
and benefits on a system level (shortened active periods and 
reduced electric power consumption) as achieved in a case 
where the word line boost method and the plate line driver 
boost method described above are applied to a sensing appli 
cation of an intermittently started type. FIG. 31 is a table of 
comparison of active periods (active times). 
0.174. This evaluation assumes, as one example of an 
application of an intermittently started type, a sensor network 
for environmental monitoring. In this sensor network, the 
MCU (micro-controller unit) of a sensor recovers from a 
sleep state to an active state every one second, reads/writes 
160-bit measurement data and arithmetically processes it, 
and then slips from an active state back into a sleep state. In a 
sleep state, the Supply of electric power to the sensor is shut 
off. 

(0175. As shown in FIGS. 30 and 31, adopting the word 
line boost method alone resulted in a 4% reduction in active 
periods, and additionally adopting the plate line driver boost 
method resulted in a further 25% reduction in active periods. 
Ultimately, adopting the word line boost method and the plate 
line driver boost method together resulted in a 29% reduction 
in total access time being achieved with a 1.3% increase in 
active electric power at the maximum. 

Fifth Embodiment 

0176 FIG. 32 is a diagram illustrating a recall failure due 
to deterioration with time. As shown in column (a) there, in a 
normal memory cell with a Sufficiently wide recall margin 
(the potential difference between the internal nodes Node 1 
and Node2 appearing during a recall operation; referred to 
simply as the margin in the following description) at the time 
of manufacture, even if the margin is reduced slightly due to 
deterioration with time, data stored before power shut-off can 
be recalled correctly. 
0177. By contrast, as shown in column (b) there, in a 
defective memory cell with a small margin at the time of 
manufacture, even if a recall operation can be performed 
correctly immediately after shipping, as the margin is reduced 
due to deterioration with time, a recall failure becomes 
increasingly likely to occur. Thus, to enhance the reliability of 
the semiconductor memory device 100, it is important to test 
the margins of memory cells 11 in inspection prior to ship 
ment to Screen out defective memory cells. 
0.178 Accordingly, a margin testing method will be pro 
posed below for detection of defects in ferroelectric capaci 
tors through arbitrary setting of a potential on bit lines from 
outside. 
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0179 FIG.33 is a circuit diagram showing a first example 
of the configuration of a semiconductor memory device taken 
as a target of margin testing. The semiconductor memory 
device 100 of this configuration example has a configuration 
similar to that shown in FIG. 2 and described previously, and 
includes external terminalsTA and TB and transmission gates 
SWA and SWB. 

0180. The external terminal TA is a terminal via which an 
arbitrary analog Voltage is applied to a bit line BL from 
outside the semiconductor memory device 100. The external 
terminal TB is a terminal via which an arbitrary analog volt 
age is applied to an inverted bit line XBL from outside the 
semiconductor memory device 100. The transmission gate 
SWA is connected between the external terminal TA and the 
bit line BL, and is turned on and off according to a test enable 
signal TEST1 E. The transmission gate SWB is connected 
between the external terminal TB and the inverted bit line 
XBL, and is turned on and off according to a test enable signal 
TEST2 E. 
0181 FIG.33 specifically shows, as circuit components of 
the memory cell 11, power switches M7 and M8 for turning 
on and off the supply of electric power to the inverter loop. 
The power switch M7 is a P-channel type field-effect transis 
tor connected between a Supply power node and the inverter 
loop, and is turned on and off according to an inverted 
memory cell enable signal MC EN. The power switch M8 is 
an N-channel type field effect transistor connected between 
the inverter loop and a ground node, and is turned on and off 
according to a memory cell enable signal MC E. It should be 
noted that the power switches M7 and M8 are simply omitted 
from illustration in FIG. 2, and are not circuit elements that 
are additionally provided in this configuration example. The 
read circuit 70 (sense amplifier) is switched between an 
enabled State and a disabled State according to a sense ampli 
fier enable signal SAE. 
0182 FIG. 34 is a timing chart showing a pass pattern 
(acceptance pattern) in a first test that takes the semiconductor 
memory device 100 of the first configuration example (FIG. 
33) as an inspection target, and shows the states of, from top 
down, the plate lines PL1 and PL2, the word line WL, the 
sense amplifier enable signal SAE, the internal nodes Node 1 
and Node2, the bit line BL, the inverted bit line XBL, the test 
enable signals TEST1 E and TEST2 E, the memory cell 
enable signal MC E, and the inverted memory cell enable 
signal MC EN. 
0183 During period (1), the plate lines PL1 and PL2 are 
pulse-driven, so that data (in the example shown in FIG. 34. 
Node1=H, Node2=L) is stored in the ferroelectric capacitors 
FC1 to FC4. Thereafter, the memory cell enable signal MC E 
is lowered to low level and the inverted memory cell enable 
signal MC EN is raised to high level, and thereby the power 
switches M7 and M8 are both turned off, so that the supply of 
electric power to the inverter chains are shut off. 
0184. During period (2), the test enable signal TEST2 E is 
raised to and kept at high level for a predetermined period, so 
that the transmission gate SWB is turned on, and an arbitrary 
reference voltage REF is applied from the external terminal 
TB to the inverted bit line XBL. 

0185. During period (3), with the inverter loop disabled 
(MC E=L, MC EN=H), the plate line PL1 is pulse-driven 
(raised to high level), so that a recall operation is performed in 
the memory cell 11. At this point, voltages wkH and wkIL 
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reflecting the residual polarization states of ferroelectric 
capacitors FC1 to FC4 appear at the internal nodes Node1 and 
Node2 respectively. 
0186. During period (4), the word line WL is raised to high 
leveland the transistors M5 and M6 are both turned on, so that 
potentials are made equal between the internal node Node1 
and the bit line BL and between the internal node Node2 and 
the inverted bit line XBL. That is, the bit line BL and the 
internal node Node 1 are now both at the voltage wkH, and the 
inverted bit line XBL and the internal node Node2 are now 
both at the reference voltage REF. 
0187. During period (5), the sense amplifier enable signal 
SA E is raised to high level, and the read circuit 70 performs 
a read operation. Specifically, between the bit line BL and the 
inverted bit line XBL, the voltages applied to them, namely 
the voltage wkH and the reference voltage REF, are com 
pared. 
0188 In the example shown in FIG. 34, the voltage wkH 
which is recalled to the internal node Node1 is higher than the 
reference voltage REF. Thus, by the differential amplification 
action of the read circuit 70, the bit line BL and the internal 
node Node 1 are raised to high level, and the inverted bit line 
XBL and the internal node Node2 are lowered to low level. 
This state is identical with the state before power shut-off, and 
thus the inspection result is a pass (acceptance). 
0189 FIG. 35 is a timing chart showing a fail pattern 
(rejection pattern) in the first test that takes the semiconductor 
memory device 100 of the first configuration example (FIG. 
33) as an inspection target, and shows the states of from top 
down, the plate lines PL1 and PL2, the word line WL, the 
sense amplifier enable signal SA E, the internal nodes Node 1 
and Node2, the bit line BL, the inverted bit line XBL, the test 
enable signals TEST1 E and TEST2 E, and the inverted 
memory cell enable signal MC EN. 
0190. The sequence of testing operations through periods 
(1) through (5) itself is the same as in FIG. 34 referred to 
above. The difference is that, in the example shown in FIG. 
35, the voltage wkH recalled to the internal node Node1 is 
lower than the reference voltage REF. Thus, by the differen 
tial amplification action of the read circuit 70, the bit line BL 
and the internal node Node 1 are lowered to low level, and the 
inverted bit line XBL and the internal node Node2 are raised 
to high level. This state is opposite to the state before power 
shut-off, and thus the inspection result a fail (rejection). 
0191 Incidentally, it is possible to know the absolute value 
of the voltage wkH recalled to the internal node Node1 by 
finding the above-described test result (pass/fail) succes 
sively while sweeping the reference voltage REF applied to 
the inverted bit line XBL. For example, if a test applying as 
the reference voltage REF a voltage REF1 results in a pass 
and a test applying a Voltage REF2 results in a fail, then it is 
found that REF1<wkH<REF2. 
0.192 Moreover, during period (2), by raising the test 
enable signal TEST1 E to high level, it is possible to turn on 
the transmission gate SWA and apply an arbitrary reference 
voltage REF from the external terminal TA to the bit line BL. 
Thus, in a similar manner as described just above, by finding 
the above-described test result successively while sweeping 
the reference voltage REF applied to the bit line BL, it is also 
possible to know the absolute value of the voltage wkl 
recalled to the internal node Node2. 
0193 As described above, by knowing the absolute values 
of the voltages wkH and wkIL recalled to the internal nodes 
Node 1 and Node2, it is possible to test the margin Vm 
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(-wkH-wkL) of the memory cell 11. It is thus possible, in 
inspection before shipment, to screen out defective memory 
cells that are likely to end in a recall failure due to deteriora 
tion with time. 
0194 Ina case where the external terminalsTA and TB are 
shared among a plurality of memory cells 11, it is preferable 
that, for those memory cells which are not a target of testing, 
the bit line BL (or the inverted bit line XBL) to which the 
reference voltage REF is applied be kept short-circuited to the 
plate lines PL1 and PL2. With this configuration, no data 
corruption occurs in memory cells that are not a target of 
testing, and this eliminates the need to rewrite data when 
those memory cells are a target of testing. 
0.195 FIG. 36 is a circuit diagram showing a second 
example of the configuration of a semiconductor memory 
device taken as a target of margin testing. The semiconductor 
memory device 100 of this configuration example has a con 
figuration basically similar to that shown in FIG.33 referred 
to previously, a difference being that, here, there are sepa 
rately and independently provided a word line WL1 con 
nected to the gate of the transistor M5 and a word line WL2 
connected to the gate of the transistor M6. 
0.196 FIGS. 37 and 38 are timing charts showing a pass 
pattern and a fail pattern, respectively, in a second test that 
takes the semiconductor memory device 100 of the second 
configuration example (FIG. 36) as an inspection target, and 
shows the states of from top down, the plate lines PL1 and 
PL2, the word lines WL1 and WL2, the sense amplifier enable 
signal SA E, the internal nodes Node1 and Node2, the bit line 
BL, the inverted bit line XBL, the test enable signals 
TEST1 E and TEST2 E, the memory cell enable signal 
MC E, and the inverted memory cell enable signal MC EN. 
0197) The sequence of testing operations through periods 
(1) through (5) itself is basically the same as in FIGS. 34 and 
35 referred to previously. A difference is that, in the second 
test, during period (4), the word line WL1 is turned to high 
level, while the word line WL2 is kept at low level. That is, of 
the transistors M5 and M6, only the transistor M5, to which 
the reference voltage REF is not applied, is turned on, while 
the transistor M6 is kept off. 
0198 As a result, the internal node Node2 is kept in a state 
cut off from the inverted bit line XBL to which the reference 
Voltage REF is applied, and thus keeps holding the Voltage 
wkL obtained through the recall operation. 
0199. With this configuration, even when the reference 
voltage REF is applied to the inverted bit line XBL, no data 
corruption occurs at the internal node Node2. Thus, after the 
measurement of the absolute value of the voltage at the inter 
nal node Node1, when the reference voltage REF is applied to 
the bit line BL to measure the absolute value at the internal 
node Node2, there is no need to rewrite data to the memory 
cell 11. 
0200 FIG. 39 is a timing chart showing a pass pattern 
(acceptance pattern) in a third test that takes the semiconduc 
tor memory device 100 of the first configuration example 
(FIG.33) as an inspection target, and shows the states of, from 
top down, the plate lines PL1 and PL2, the word line WL, the 
sense amplifier enable signal SA E, the internal nodes Node 1 
and Node2, the bit line BL, the inverted bit line XBL, the test 
enable signals TEST1 E and TEST2 E, the memory cell 
enable signal MC E, and the inverted memory cell enable 
signal MC EN. 
0201 During period (1), the plate lines PL1 and PL2 are 
pulse-driven, so that data (in the example shown in FIG. 39. 
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Node1=H, Node1=L) is stored in the ferroelectric capacitors 
FC1 to FC4. Thereafter, the memory cell enable signal MC E 
is lowered to low level and the inverted memory cell enable 
signal MC EN is raised to high level, and thereby the power 
switches M7 and M8 are both turned off, so that the supply of 
electric power to the inverter chains are shut off. 
0202. During period (2), the test enable signal TEST2 E is 
raised to and kept at high level for a predetermined period, so 
that the transmission gate SWB is turned on, and an arbitrary 
offset Voltage OFS is applied from the external terminal TB to 
the inverted bit line XBL. It is preferable that, meanwhile, the 
bit line BL be kept connected to the ground terminal. 
0203 During period (3), the word line WL is raised to high 
leveland the transistors M5 and M6 are both turned on, so that 
potentials are made equal between the internal node Node1 
and the bit line BL and between the internal node Node2 and 
the inverted bit line XBL. As a result, the internal node Nodel 
is now at the ground voltage GND, and the internal node 
Node2 is now at the offset voltage OFS. In this way, in the 
third test, prior to a recall operation in the memory cell 11, an 
offset is given between the internal nodes Node1 and Node2. 
The offset voltage OFS is for stricter setting of the marginVm 
of the memory cell 11. Accordingly, the offset voltage OFS is 
fed to that internal node to which the relatively low voltage 
wkL is recalled (in the example shown in FIG. 39, the internal 
node Node2). 
0204. During period (4), with the inverter loop disabled 
(MC E=L, MC EN=H), the plate line PL1 is pulse-driven 
(raised to high level), so that a recall operation is performed in 
the memory cell 11. At this point, voltages wkH and wkIL 
reflecting the residual polarization states of ferroelectric 
capacitors FC1 to FC4 appear at the internal nodes Node1 and 
Node2 respectively. However, since the internal node Node2 
has been raised up to the offset voltage OFS prior to the recall 
operation in the memory cell 11, the voltage level there after 
the recall operation equals (wkL+OFS). 
0205 During period (5), the inverter loop is brought into 
an enabled state (MC E=H. MC EN=L), and thus the logic 
levels at the internal nodes Node1 and Node2 are definitively 
determined. In the example shown in FIG. 39, the voltage 
wkH which is recalled to the internal node Node1 is higher 
than the voltage including the offset (wkL+OFS) which is 
recalled to the internal node Node2. Thus, by the amplifica 
tion action of the inverter loop, the internal node Node1 is 
raised to high level, and the internal node Node2 is lowered to 
low level. This state is identical with the state before power 
shut-off, and thus the inspection results is a pass (acceptance). 
Incidentally, whether or not a recall result in the memory cell 
11 is correct can be known by performing an ordinary recall 
operation by use of the read circuit 70 and comparing Voltages 
between the bit line BL and the inverted bit line XBL. 
0206 FIG. 40 is a timing chart showing a fail pattern 
(rejection pattern) in the third test that takes the semiconduc 
tor memory device 100 of the first configuration example 
(FIG.33) as an inspection target, and shows the states of, from 
top down, the plate lines PL1 and PL2, the word line WL, the 
sense amplifier enable signal SA E, the internal nodes Node 1 
and Node2, the bit line BL, the inverted bit line XBL, the test 
enable signals TEST1 E and TEST2 E, the memory cell 
enable signal MC E, and the inverted memory cell enable 
signal MC EN. 
0207. The sequence of testing operations through periods 
(1) through (5) itself is the same as in FIG. 39 referred to 
previously. The difference is that, in the example shown in 
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FIG. 40, the voltage wkH which is recalled to the internal 
node Node1 is lower than the Voltage including the offset 
(wkL+OFS) which is recalled to the internal node Node2. 
Thus, by the amplification action of the inverter loop, the 
internal node Node1 is lowered to low level, and the internal 
node Node2 is raised to high level. This state is opposite to the 
state before power shut-off, and thus the inspection result is a 
fail (rejection). 
0208 Incidentally, it is possible to know the absolute value 
of the margin Vm of the memory cell 11 by finding the 
above-described test result (pass/fail) successively while 
sweeping the offset voltage OFS applied to the inverted bit 
line XBL. For example, if a test applying as the offset voltage 
OFS a voltage OFS1 results in a pass and a test applying a 
voltage OFS2 results in a fail, then it is found that 
OFS1<Vm3OFS2. 

0209. With the first or second test described previously, it 
is necessary to perform unordinary operations involving 
extracting a node voltage before definitive determination of 
logic levels by the inverter loop to the bit line BL (or the 
inverted bit line XBL) and comparing it with a reference 
voltage REF by use of the read circuit 70. By contrast, with 
the third test, an offset voltage OFS has only to be applied 
prior to a recall operation so that thereafter, through a recall 
operation and a read operation as ordinarily performed, the 
margin Vm of the memory cell 11 can be tested. Thus, it is 
possible to perform a margin test with more realistic charac 
teristics (with no dependence on the parasitic capacitance of 
bit lines BL and the like), and hence with higher accuracy. 
0210 Moreover, with the third test, unlike the first or 
second test described previously, it is possible to test the 
margin Vm of the memory cell 11 more directly without 
individually measuring the absolute values of the Voltages 
recalled to the internal nodes Node1 and Node2 respectively. 
Thus, it is possible to reduce the time required by a margin test 
compared with the first and second tests. 

Other Modifications 

0211. The different technical features disclosed hereincan 
be implemented in any other manners than specifically 
described above and allow for many modifications without 
departure from the spirit of the invention. For example, 
although the embodiments described in detail above deal with 
aferroelectric shadow memory having a 6T-4C structure as an 
example, this is not meant to limit the structure of the ferro 
electric shadow memory; a 6T-2C structure may instead be 
adopted by omitting the ferroelectric capacitors FC3 and FC4 
(or the ferroelectric capacitors FC1 and FC2). 
0212 That is, the embodiments described above should be 
considered to be in every aspect simply illustrative and not 
restrictive, and it should be understood that the technical 
scope of the present invention is defined not by the description 
of embodiments given above but by the appended claims and 
encompasses any modifications in the sense and scope 
equivalent to those of the appended claims. 

INDUSTRIAL APPLICABILITY 

0213. The present invention can be suitably used as a data 
buffer in applications where “lower standby electric power 
during sleep periods and “maximized sleep periods are 
sought (e.g., in sensor networks with low active factors and in 
living body monitoring). 
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What is claimed is: 
1. A semiconductor memory device comprising: 
a plurality of memory cells; 
a word line commonly connected to the plurality of 
memory cells; 

a plurality of bit lines and a plurality of inverted bit lines 
respectively connected to the plurality of memory cells; 
and 

a memory controller operable to control access to the plu 
rality of memory cells, 

wherein the plurality of memory cells each include: 
an inverter loop connected between a first node and a 

second node; 
a first access transistor connected between the first node 

and a bit line, the first access transistor being turned 
on and off according to a Voltage applied to the word 
line; 

a second access transistor connected between the second 
node and an inverted bit line, the second access tran 
sistor being turned on and off according to a Voltage 
applied to the word line; 

a first node capacitor connected to the first node, the first 
node capacitor having a higher capacitance than a 
parasitic capacitor of the bit line; and 

a second node capacitor connected to the second node, 
the second node capacitor having a higher capaci 
tance than a parasitic capacitor of the inverted bit line, 
and 

wherein, when accessing a memory cell that is a target of a 
read/write, the memory controller drives the word line to 
turn on the first and second access transistors without 
precharging a bit line and an inverted bit line that are 
connected to a memory cell that is not a target of the 
read/write. 

2. The semiconductor memory device according to claim 1, 
further comprising: 

a plurality of transmission gates connected respectively 
between the plurality of bit lines and the plurality of 
inverted bit lines, 

wherein, when accessing the memory cell that is a target of 
the read/write, the memory controller turns on a trans 
mission gate between a bit line and an inverted bit line 
that are connected to a memory cell that is not a target of 
the read/write. 

3. The semiconductor memory device according to claim 1, 
wherein the first and second node capacitors are ferroelec 

tric capacitors connected between a plate line and the 
first and second nodes respectively, and 

wherein, when restoring/recalling data in a memory cell, 
the memory controller pulse-drives the plate line. 

4. A semiconductor memory device comprising: 
a plurality of memory cells; 
a plurality of plate lines respectively connected to the plu 

rality of memory cells; 
a plate line driver operable to drive the plurality of plate 

lines individually; and 
a memory controller operable to control access to the plu 

rality of memory cells, 
wherein the plurality of memory cells each include: 

an inverter loop connected between a first node and a 
second node; 

a first access transistor connected between the first node 
and a bit line; 
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a second access transistor connected between the second 
node and an inverted bit line; 

a first ferroelectric capacitor connected between the first 
node and a plate line; and 

a second ferroelectric capacitor connected between the 
second node and the plate line, 

wherein, when restoring/recalling data in the memory 
cells, the memory controller pulse-drives the plurality of 
plate lines sequentially by use of the plate line driver and 
meanwhile, before pulse-driving an uncharged plate line 
by use of the plate line driver, the memory controller 
performs charge sharing between a charged plate line 
and the uncharged plate line. 

5. The semiconductor memory device according to claim 4. 
further comprising: 

a plurality of transmission gates each connected between 
adjacent plate lines, 

wherein, before pulse-driving the uncharged plate line by 
use of the plate line driver, the memory controller turns 
on a transmission gate between the charged plate line 
and the uncharged plate line. 

6. A word line driver comprising: 
an output stage operable to drive a word line of a memory 

cell according to a word line enable signal; and 
aboost stage operable to raise a Voltage applied to the word 

line to higher thana Supply Voltage to the output stage by 
driving a ferroelectric capacitor according to a boost 
enable signal. 

7. The word line driver according to claim 6, 
wherein the output stage includes: 

an inverter of which an input terminal is connected to a 
node to which the word line enable signal is applied: 

a first transistor of a P-channel type of which a source is 
connected to a Supply Voltage node and a gate is 
connected to an output terminal of the inverter; and 

a second transistor of an N-channel type of which a drain 
is connected to the word line, a source is connected to 
a ground node, and a gate is connected to the output 
terminal of the inverter, and 

wherein the boost stage includes: 
a third transistor of a P-channel type of which a source is 

connected to the drain of the first transistor, a drain is 
connected to the word line, and a gate is connected to 
a node to which the boost enable signal is applied; and 

a ferroelectric capacitor connected between the node to 
which the boost enable signal is applied and the word 
line. 

8. A semiconductor memory device comprising: 
a memory cell; 
a memory controller operable to control access to the 
memory cell; and 

the word line driver according to claim 6 operable to drive 
the word line of the memory cell. 

9. The semiconductor memory device according to claim8, 
further comprising: 

a delay stage operable to generate the boost enable signal 
by delaying the word line enable signal by a predeter 
mined delay time. 

10. The semiconductor memory device according to claim 
9, 

wherein the delay stage includes an inverter chain. 
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11. The semiconductor memory device according to claim 
8, 

wherein the memory cell includes: 
an inverter loop connected between a first node and a 

second node; 
a first access transistor connected between the first node 

and a bit line, the first access transistor being turned 
on and off according to a Voltage applied to the word 
line; 

a second access transistor connected between the second 
node and an inverted bit line, the second access tran 
sistor being turned on and off according to a Voltage 
applied to the word line; 

a first node capacitor connected to the first node, the first 
node capacitor having a higher capacitance than a 
parasitic capacitor of the bit line; and 

a second node capacitor connected to the second node, 
the second node capacitor having a higher capaci 
tance than a parasitic capacitor of the inverted bit line. 

12. The semiconductor memory device according to claim 
11, 

wherein the first and second node capacitors are ferroelec 
tric capacitors connected between a plate line and the 
first and second nodes respectively, and 

wherein, when restoring/recalling data in a memory cell, 
the memory controller pulse-drives the plate line. 

13. A plate line driver comprising: 
a first output stage operable to generate a second plate line 

enable signal according to a first plate line enable signal; 
a second output stage operable to drive a plate line of a 
memory cell according to the second plate line enable 
signal; and 

a boost stage operable to augment driving capacity of the 
second output stage by lowering the second plate line 
enable signal to a negative Voltage by driving a ferro 
electric capacitor according to a boost enable signal. 

14. The plate line driver according to claim 13, 
wherein the first output stage includes: 

a first transistor of a P-channel type of which a source is 
connected to a Supply Voltage node, a gate is con 
nected to a node to which the first plate line enable 
signal is applied, and a drain is connected to a node to 
which the second plate line enable signal is applied; 
and 

a second transistor of an N-channel type of which a 
Source is connected to a ground node and a gate is 
connected to the node to which the first plate line 
enable signal is applied, 

wherein the second output stage includes: 
a third transistor of a P-channel type of which a source is 

connected to the Supply Voltage node, a drain is con 
nected to the plate line, and a gate is connected to the 
node to which the second plate line enable signal is 
applied; and 

a fourth transistor of an N-channel type of which a drain 
is connected to the plate line, a source is connected to 
the ground node, and a gate is connected to the node to 
which the second plate line enable signal is applied, 
and 

wherein the boost stage includes: 
an inverter of which an input terminal is connected to a 

node to which the boost enable signal is applied; 
a fifth transistor of an N-channel type of which a drain is 

connected to the node to which the second plate line 
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enable signal is applied, a source is connected to the 
drain of the second transistor, and a gate is connected 
to an output terminal of the inverter; and 

a ferroelectric capacitor connected between the output 
terminal of the inverter and the node to which the 
second plate line enable signal is applied. 

15. A semiconductor memory device comprising: 
a memory cell; 
a memory controller operable to control access to the 
memory cell; and 

the plate line driver according to claim 13 operable to drive 
a plate line of the memory cell. 

16. The semiconductor memory device according to claim 
15, 

wherein the memory cell includes: 
an inverter loop connected between a first node and a 

second node; 
a first access transistor connected between the first node 

and a bit line; 
a second access transistor connected between the second 

node and an inverted bit line; 
a first ferroelectric capacitor connected between the first 

node and a plate line; and 
a second ferroelectric capacitor connected between the 

second node and the plate line, and 
wherein, when restoring/recalling data in a memory cell, 

the memory controller pulse-drives the plate line. 
17. A semiconductor memory device comprising: 
an inverter loop connected between a first node and a 

second node: 
a first access transistor connected between the first node 

and a bit line; 
a second access transistor connected between the second 

node and an inverted bit line; 
a first ferroelectric capacitor connected between the first 

node and a plate line; 
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a second ferroelectric capacitor connected between the 
second node and the plate line; and 

an external terminal operable to apply arbitrary analog 
voltages to the bit line and the inverted bit line respec 
tively. 

18. The semiconductor memory device, further compris 
ing, independently of each other: 

a first word line connected to a gate of the first access 
transistor, and 

a second word line connected to a gate of the second access 
transistor. 

19. A method for testing the semiconductor memory device 
according to claim 17, the method comprising: 

a step of applying an arbitrary reference Voltage to one of 
the bit line and the inverted bit line via the external 
terminal; 

a step of pulse-driving the plate line with the inverter loop 
disabled; 

a step of turning on both of the first and second access 
transistors or only one of the first and second access 
transistors to which the reference Voltage is not applied; 
and 

a step of comparing Voltages between the bit line and the 
inverted bit line. 

20. A method for testing the semiconductor memory device 
according to claim 17, the method comprising: 

a step of applying an arbitrary offset Voltage to one of the 
bit line and the inverted bit line via the external terminal; 

a step of turning on the first and second access transistors; 
a step of pulse-driving the plate line with the inverter loop 

disabled; 
a step of enabling the inverter loop; and 
a step of comparing Voltages between the bit line and the 

inverted bit line. 


