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(57) ABSTRACT 

A semiconductor memory device includes a first cell array 
including a plurality of unit cells and a bit line sense 
amplifying unit for sensing and amplifying data signals 
stored in the unit cells. Each unit cell is provided with a 
PMOS transistor and a capacitor. Therefore, the semicon 
ductor memory device efficiently operates with low voltage 
without any degradation of operation speed. 
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SEMCONDUCTOR MEMORY DEVICE FOR LOW 
VOLTAGE 

FIELD OF THE INVENTION 

0001. The present invention relates to a semiconductor 
memory device; and, more particularly, to a semiconductor 
memory device for efficiently operating under a low power 
Supply Voltage condition. 

DESCRIPTION OF RELATED ARTS 

0002 FIG. 1 is a block diagram describing a conven 
tional semiconductor memory device. 
0003. As shown, the conventional semiconductor 
memory device includes a row address decoder 20, a column 
address decoder 30, a cell area 100 and a data input/output 
block 40. 

0004 The cell area 100 includes a plurality of cell arrays, 
e.g., 110, 120, 130 and 140 and a plurality of sense ampli 
fying blocks, e.g., 150 and 160. The row address decoder 20 
receiving a row address decodes the row address in order to 
access a data stored in the cell area 100. The column address 
decoder 30 receiving a column address decodes the column 
address in order to access the data stored in the cell area 100. 
The data input/output block 40 is for outputting a data stored 
in the cell area 100 or transmitting data inputted through a 
data pad?pin into the cell area 100. 
0005 That is, during a read operation, the data accessed 
in response to the row address and the column address is 
outputted to the data input/output block 40. On the contrary, 
under a write operation, a data inputted from an external 
circuit is stored in a unit cell corresponding to the row 
address and the column address through the data input/ 
output block 40. 
0006. In detail, each cell array, e.g., 110, included in the 
cell area 100 includes a plurality of unit cells, each for 
storing a data. Each sense amplifying block, e.g., 150, is for 
sensing and amplifying data outputted from each cell array, 
e.g., 110. 
0007 FIG. 2 is a block diagram depicting a detailed 
structure of the cell array 110 shown in FIG. 1. 
0008. As shown, a first cell array 110 includes a plurality 
of bit line pairs, e.g., BL and /BL, a plurality of cells, e.g., 
CELL1, CELL2 and CELL3, and a plurality of word lines, 
e.g., WL0 to WL5. Herein, each cell is constituted with one 
capacitor and one transistor. For instance, a first cell CELL1 
includes a first capacitor C0 coupled to a plate line PL and 
a first MOS transistor MO having a gate coupled to a first 
word line WL0. The first MOS transistor MO is coupled 
between the first capacitor C0 and a bit line BL for con 
necting or disconnecting the first capacitor C0 to a bit line 
BL in response to a word line WL0. 
0009. Also, the first cell CELL1 and a second cell CELL2 
respectively coupled to the first word line WL0 and a second 
word line WL1 and neighbored with each other are com 
monly connected to the bit line BL. The bit line pair BL and 
/BL is coupled to a sense amplifier 152a included in the 
sense amplifying block 150. 
0010 FIG. 3 is a block diagram describing a connection 
between each cell array and each sense amplifying block 
included in the cell area 100 shown in FIG. 1. 
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0011 Particularly, the conventional semiconductor 
memory device has a shared bit line sense amplifier struc 
ture. Herein, the shared bit line sense amplifier structure 
means that two neighbor cell arrays are coupled to one sense 
amplifying block. 

0012. As shown, there are a plurality of cell arrays 110. 
130 and 180 and a plurality of sense amplifying blocks 150 
and 170. The first sense amplifying block 150 is coupled to 
the first cell array 110 and the second cell array 130; and the 
second sense amplifying block 170 is coupled to the second 
cell array 130 and the fifth cell array 180. 

0013 If one cell array is coupled to one sense amplifying 
block, the sense amplifying block includes a plurality of 
sense amplifiers each corresponding to each bit line pair 
included in the cell array. That is, the number of the sense 
amplifiers included in the sense amplifying block is same to 
the number of bit lines included in the cell array. However, 
referring to FIG. 3, since two cell arrays share one sense 
amplifying block in common under the shared bit line sense 
amplifier structure, the sense amplifying block has a number 
of sense amplifiers each corresponding to each two bit line 
pairs. That is, the number of the sense amplifiers included in 
the sense amplifying block can be decreased by half. 

0014 Under the shared bit line sense amplifier structure 
for implementing a higher integrated circuit, the sense 
amplifying block, e.g., 150, further includes a first connec 
tion block 151 and a second connection block 153. Since the 
first sense amplifying block 150 is commonly coupled to 
two neighbor cell arrays 110 and 130, there should be 
control for connecting or disconnecting the first sense ampli 
fying block 150 to one of the two neighbor cell arrays 110 
and 130. Each of the first and the second connection blocks 
151 and 153 has a plurality of switching units, e.g., transis 
tors. The plurality of transistors, e.g., MN1 to MN4, in the 
first connection block 151 is turned on or off based on a first 
connection control signal BISH1; and the plurality of tran 
sistors, e.g., MN5 to MN8, in the second connection block 
153 is turned on or off based on a second connection control 
signal BISL1. 

0015 For instance, if the first connection control signal 
BISH1 is activated, all transistors included in the first 
connection block 151 is turned on, that is, the first cell array 
110 is coupled to the sense amplifier block 152 of the first 
sense amplifying block 150. Otherwise, if the second con 
nection control signal BISL1 is activated, all transistors 
included in the second connection block 153 is turned on, 
that is, the second cell array 130 is coupled to the sense 
amplifier block 152 of the first sense amplifying block 150. 

0016. Likewise, another sense amplifying block 170 
includes a plurality of sense amplifiers and two connection 
blocks controlled in response to other connection control 
signals BISH2 and BISL2 for connecting or disconnecting a 
sense amplifier block of the sense amplifying block 170 to 
one of the two neighbor cell arrays 130 and 180. 

0017 Moreover, each sense amplifying block, e.g., 150, 
further includes a precharge block and a data output block 
except for connection blocks and sense amplifiers. 

0018 FIG. 4 is a block diagram showing the sense 
amplifying block 150 shown in FIG. 2. 
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0019. As shown, the sense amplifying block 150 includes 
a sense amplifier 152a, a precharge block 155a, first and 
second equalization blocks 154a and 157a and a data output 
block 156a. 

0020. The sense amplifier 152a receives power supply 
signals SAP and SAN for amplifying a potential difference 
between the bit line pair BL and/BL. Enabled by a precharge 
signal BLEQ when the sense amplifier 152a is not activated, 
the precharge block 155a precharges the bit line pair BL and 
/BL as a bit line precharge voltage VBLP. In response to the 
precharge signal BLEQ, the first equalization block 154a 
makes a voltage level of the bit line BL same with a voltage 
level of the bit line bar /BL. Similar to the first equalization 
block 154a, the second equalization block 157a is also used 
for making a voltage level of the bit line BL be same to a 
voltage level of the bit line bar /BL. Lastly, the data output 
block 156a outputs a data amplified by the sense amplifier 
152a to the local data bus pair LDB and LDBB based on a 
column control signal YI generated from a column address. 
0021 Herein, the sense amplifying block 150 further 
includes two connection blocks 151a and 153a each for 
connecting or disconnecting the sense amplifier 152a to one 
of neighbor cell arrays respectively based on connection 
control signals BISH and BISL. 
0022 FIG. 5 is a waveform showing an operation of the 
conventional semiconductor memory device. 
0023) Hereinafter, referring to FIGS. 1 to 5, the operation 
of the conventional semiconductor memory device is 
described in detail. 

0024. As shown, the read operation of the conventional 
semiconductor memory device can be split into four steps: 
a precharge step, a read step, a sense step and a restore step. 
Likewise, the write operation is very similar to the read 
operation. However, the write operation includes a write step 
instead of the read step in the read operation. That is, a 
sensed and amplified data is not outputted, instead, an 
inputted data from an external circuit is latched in the sense 
amplifier during the sense step. 
0.025 Hereinafter, it is assumed that a capacitor of a cell 

is charged, i.e., stores a logic high data '1'. Herein, a symbol 
SN' means a potential level charged in the capacitor of the 

cell. Also, one of two connection blocks in the sense 
amplifying block is activated and the other is inactivated. As 
a result, the sense amplifying block is coupled to one of two 
neighbor cell arrays. 
0026. In the precharge step, the bit line pair BL and /BL 

is precharged by the bit line precharge voltage VBLP. At this 
time, all word lines are inactivated. Generally, the bit line 
precharge voltage VBLP is a % core voltage, i.e., /, Vcore= 
VBLP. 

0027. When the precharge signal BLEQ is activated as a 
logic high level, the first and second equalization blocks 
154a and 157a and a precharge block 155a are also enabled. 
Thus, the bit line pair BL and/BL is percharged as the / core 
voltage. Herein, the first and second connection block 151a 
and 153a are also activated, i.e., all transistors included in 
the first and second connection block 151a and 153a are 
turned on. 

0028. In the read step, a read command is inputted and 
carried out. Herein, if the first connection block 151a is 
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coupled to the first cell array 110 and the second connection 
block 153a is coupled to the second cell array 130, the sense 
amplifier 152a is coupled to the first cell array 110 when the 
first connection block 151a is activated and the second 
connection block 153a is inactivated. Otherwise, when the 
second connection block 153a is activated and the first 
connection block 151a is inactivated, the sense amplifier 
152a is coupled to the second cell array 130 and discon 
nected to the first cell array 110. 
0029. In addition, a word line corresponding to an input 
ted address is activated by a power supply voltage VDD or 
a high voltage VPP until the restore step. 
0030 Herein, for activating the word line, the high volt 
age VPP is generally used because it is requested that the 
power Supply Voltage VDD becomes lower and an operating 
speed of the semiconductor memory device becomes faster. 
0.031) If the word line is activated, a MOS transistor of 
the cell corresponding to the word line is turned on; and a 
data stored in a capacitor of the cell is delivered into the bit 
line BL. 

0032) Thus, the bit line BL precharged by the 4 core 
voltage is boosted up by a predetermined voltage level AV. 
Herein, though the capacitor is charged as the core Voltage 
Vcore, a voltage level of the bit line BL cannot be increased 
to the core Voltage Vcore because a capacitance Ce of the 
capacitor is Smaller than a parasitic capacitance Cb of the bit 
line BL. 

0033 Referring to FIG. 5, in the read step, it is under 
stood that a voltage level of the bit line BL is increased by 
the predetermined voltage level AV and the symbol SN is 
also decreased to that voltage level, i.e., Vcore/2+AV. 
0034. At this time, i.e., when the data is delivered into the 
bit line BL, no data is delivered into the bit line bar/BL and, 
then, the bit line bar /BL keeps a % core voltage level. 
0035) Next, in the sense step, the first power supply 
signal SAP is supplied with the core voltage Vcore and the 
second power Supply signal SAN is supplied with a ground 
GND. Then, the sense amplifier can amplify a voltage 
difference, i.e., a potential difference, between the bit line 
pair BL and /BL by using the first and the second power 
supply signals SAP and SAN. At this time, a relatively high 
side between the bit line pair BL and /BL is amplified to the 
core voltage Vcore; and the other side, i.e., a relatively low 
side between the bit line pair BL and /BL, is amplified to the 
ground GND. 
0036. Herein, a voltage level of the bit line BL is higher 
than that of the bit line bar/BL. That is, after the bit line BL 
and the bit line bar /BL are amplified, the bit line BL is 
supplied with the core voltage Vcore and the bit line bar/BL 
is supplied with the ground GND. 
0037 Lastly, in the restore step, the data outputted from 
the capacitor during the read step for boosting up the bit line 
BL by the predetermined voltage level AV is restored in the 
original capacitor. That is, the capacitor is re-charged. After 
the restore step, the word line corresponding to the capacitor 
is inactivated. 

0038. Then, the conventional semiconductor memory 
device carries out the precharge step again. Namely, the first 
and the second power supply signals SAP and SAN are 
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respectively supplied with 4 core voltage Vcore. Also, the 
precharge signal BLEQ is activated and inputted to the first 
and the second equalization blocks 154a and 157a and the 
precharge block 155a. At this time, the sense amplifier 152a 
is coupled to the two neighbor cell arrays, e.g., 110 and 130, 
by the first and the second connection blocks 151a and 153a. 
0039. As a design technology for a semiconductor 
memory device is rapidly developed, a voltage level of a 
power Supply Voltage for operating the semiconductor 
memory device becomes lower. However, though the volt 
age level of the power Supply Voltage becomes lower, it is 
requested that an operation speed of the semiconductor 
memory device becomes faster. 
0040 For achieving the request about the operation speed 
of the semiconductor memory device, the semiconductor 
memory device includes an internal Voltage generator for 
generating a core Voltage Vcore having a lower Voltage level 
than the power supply voltage VDD and a high voltage VPP 
having a higher Voltage level than the core Voltage Vcore. 
0041 Until now, a requested operation speed can be 
achieved by implementing a nano-scale technology for 
manufacturing the semiconductor memory device through 
using above described manner for overcoming a decrease of 
the voltage level of the power supply voltage VDD without 
any other particular method. 
0.042 For example, through a voltage level of the power 
supply voltage is decreased from about 3.3 V to about 2.5 V 
or under 2.5 V, the requested operation speed is achieved if 
the nano-scale technology is implemented based on from 
about 500 nm to about 100 nm. This means that the 
semiconductor memory device is more integrated. That is, as 
the nano-scale technology is upgraded, i.e., developed, a 
power consumption of a fabricated transistor included in the 
semiconductor memory device is reduced and, if the Voltage 
level of the power Supply Voltage is not decreased, an 
operation speed of the fabricated transistor becomes faster. 
0043. However, on the nano-technology based on under 
100 nm, it is very difficult to develop the nano-technology. 
That is, there is a limitation for integrating the semiconduc 
tor memory device more and more. 
0044 Also, a requested voltage level of the power supply 
voltage becomes lower, e.g., from about 2.0 V to about 1.5 
V or so far as about 1.0 V. Thus, the request about the power 
Supply Voltage cannot be achieved by only developing the 
nano-technology. 
0045. If a voltage level of the power supply voltage 
inputted to the semiconductor memory device is lower than 
a predetermined Voltage level, an operating margin of each 
transistor included in the semiconductor memory device is 
not sufficient; and, as a result, a requested operation speed is 
not satisfied and an operation reliability of the semiconduc 
tor memory device is not guaranteed. 

0046) Also, the sense amplifier needs more time for 
stably amplifying a voltage difference between the bit line 
BL and the bit line bar /BL because a predetermined 
turned-on voltage, i.e., a threshold Voltage, of the transistor 
is remained under a low power Supply Voltage. 
0047 Moreover, if a noise is generated at the bit line pair 
BL and /BL, each voltage level of the bit line BL and the bit 
line bar /BL is fluctuated, i.e., increased or decreased by a 
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predetermined level on the /3 core voltage Vcore. That is, as 
the Voltage level of the power Supply Voltage becomes 
lower, a little noise can seriously affect the operation reli 
ability of the semiconductor memory device. 
0048. Therefore, there is a limitation for decreasing a 
Voltage level of the power Supply Voltage under a predeter 
mined level. 

0049. In addition, as the semiconductor memory device is 
more integrated, a size of the transistor becomes Smaller and 
a distance between a gate of the transistor and the bit line 
gets near more and more. As a result, a bleed current is 
generated. Herein, the bleed current means a kind of leakage 
current between the gate of the transistor and the bit line 
because of a physical distance between the gate of the 
transistor and the bit line under a predetermined value. 
0050 FIG. 6 is a cross-sectional view describing a unit 
cell of the semiconductor memory device in order to show 
a cause of the bleed current. 

0051. As shown, the unit cell includes a substrate 10, an 
device isolation layer 11, Source and drain regions 12a and 
12b, a gate electrode 13, a bit line 17, a capacitor 14 to 16 
and insulation layers 18 and 19. Herein, the symbol A 
means a distance between the gate electrode 13 of the 
transistor and the bit line 17. 

0052 As it is rapidly developed the nano-technology for 
manufacturing the semiconductor memory device, the dis 
tance Abetween the gate electrode 13 of the transistor and 
the bit line 17 becomes shorter. 

0053. In the precharge step, the bit line BL is supplied 
with the /3 core voltage and the gate electrode 13, i.e., a 
word line, is Supplied with the ground. 
0054) If the bit line 17 and the gate electrode 13 in a unit 
cell are electronically short since an error is occurred under 
a manufacturing process, a current flows continuously dur 
ing the precharge step and a power consumption is 
increased. In this case, the semiconductor memory device 
includes a plurality of additional unit cells for substituting 
the unit cell where the bit line and the gate electrode are 
short-circuited. At this time, error cells are substituted with 
additional cells in word line basis. 

0055) Otherwise, if there is no error under the manufac 
turing process, i.e., the bit line 17 and the gate electrode 13 
in a unit cell are not electronically short-circuited in any cell 
of the semiconductor memory device, there is no bleed 
current. However, if the distance between the gate electrode 
13 of the transistor and the bit line 17, i.e., A, is too short 
without any error under the manufacturing process, the 
bleed current is generated and flown. 
0056 Recently, how to operate a semiconductor memory 
device under a low power condition is very important. If 
above described bleed current is generated, it is not appre 
ciate that the semiconductor memory device having the 
bleed current is applied to a system though the semiconduc 
tor memory device can be normally operated. 
0057 For reducing an amount of the bleed current, it is 
Suggested that a resistor is added between the gate electrode 
of the transistor and the bit line. However, although the 
resistor can reduce little amount of the bleed current, this is 
not effective and essential for reducing and protecting a flow 
of the bleed current. 
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SUMMARY OF THE INVENTION 

0.058 It is, therefore, an object of the present invention to 
provide a semiconductor memory device for efficiently 
operating with low voltage without any degradation of 
operation speed. 

0059. In accordance with an aspect of the present inven 
tion, there is provided a semiconductor memory device 
including a first cell array including a plurality of unit cells, 
each provided with a PMOS transistor and a capacitor, and 
a bit line sense amplifier for sensing and amplifying infor 
mation stored in the unit cells. 

0060. In accordance with another aspect of the present 
invention, there is provided a semiconductor memory device 
including a first and a second cell array, a bit line sense 
amplifier, a first and a second reference cell block, and a first 
and a second precharge block. 
0061 The first cell array includes a plurality of unit cell, 
each provided with a PMOS transistor and a capacitor, and 
a plurality of bit line pairs. The first cell array transmits a 
data signal stored in a unit cell selected from the unit cells 
to one of a first bit line pair, wherein the first bit line pair is 
selected from the bit line pairs. The bit line sense amplifier 
senses and amplifies a difference between the first bit line 
pair after the data signal is loaded at one of the first bit line 
pair. The first reference cell block for transmits a reference 
signal to a first bit line bar when the data signal is loaded at 
the first bit line and for transmits the reference signal to the 
first bit line when the data signal is loaded at the first bit line 
bar. The first precharge block equalizes the first bit line pair 
without Supplying any precharge Voltage at a precharge 
SectOr. 

0062 Further, the second cell array includes a plurality of 
unit cells, each provided with a PMOS transistor and a 
capacitor, and a plurality of bit line pairs. The second cell 
array transmits a data signal stored in a unit cell selected 
from the unit cells to one of a second bit line pair, wherein 
the second bit line pair is selected from the bit line pairs. The 
second reference cell block ransmits a reference signal to a 
second bit line bar when the data signal is loaded at the 
second bit line and transmits the reference signal to the 
second bit line when the data signal is loaded at the second 
bit line bar. The second precharge block equalizes the second 
bit line pair without Supplying any precharge Voltage at a 
precharge sector. 
0063. In accordance with still another aspect of the 
present invention, there is provided a method for driving a 
semiconductor memory device including a plurality of unit 
cells and a plurality of bit line pairs. The method includes 
turning on a PMOS transistor included in a unit cell selected 
from the unit cells; transmitting a data signal stored in the 
unit cell to a corresponding bit line; and sensing and 
amplifying a difference between the bit line and a bit line bar 
corresponding to the bit line based on a low Voltage which 
is lower than a ground Voltage. 
0064. In accordance with still another aspect of the 
present invention, there is provided a method for driving a 
semiconductor memory device having a folded bit line 
structure and including a plurality of unit cells, each pro 
vided with a PMOS transistor and a capacitor, and a plurality 
of bit line pairs. The method includes connecting a first bit 
line pair to a bit line sense amplifier and disconnecting a 
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second bit line pair from the bit line sense amplifier; 
activating a PMOS transistor of a unit cell selected from the 
plurality of unit cells configured in the first cell array to 
thereby transmitting a data stored in the unit cell to a first bit 
line; transmitting a reference signal to a first bit line bar, and 
sensing and amplifying a difference between a first bit line 
pair provided with the first bit line and the first bit line bar 
based on a ground Voltage and a low Voltage. 
0065. In accordance with still another aspect of the 
present invention, there is provided a semiconductor 
memory device. The semiconductor memory device 
includes a first cell array including a plurality of unit cells, 
each provided with a PMOS transistor and a capacitor, for 
transmitting a first data signal stored in a unit cell selected 
from the unit cells to a first bit line corresponding to the first 
data signal; a second cell array including a plurality of unit 
cells, each provided with a PMOS transistor and a capacitor, 
for transmitting a second data signal stored in a unit cell 
selected from the unit cells to a second bit line correspond 
ing to the second data signal; a bit line sense amplifier for 
sensing and amplifying a difference between the first bit line 
the second bit line; a reference cell block transmitting a 
reference signal to the second bit line when the data signal 
is loaded at the first bit line and for transmitting the reference 
signal to the first bit line when the data signal is loaded at the 
second bit line; and a precharge block for equalizing the first 
bit line and the second bit line without supplying the first and 
the second bit lines with any precharge Voltage at a pre 
charge sector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0066. The above and other objects and features of the 
present invention will become apparent from the following 
description of preferred embodiments taken in conjunction 
with the accompanying drawings, in which: 
0067 FIG. 1 is a block diagram describing a conven 
tional semiconductor memory device; 
0068 FIG. 2 is a block diagram depicting a detailed 
structure of a cell array shown in FIG. 1; 
0069 FIG. 3 is a block diagram describing a connection 
between each cell array and each sense amplifying block 
included in the cell area shown in FIG. 1; 
0070 FIG. 4 is a block diagram showing the sense 
amplifying block 150 shown in FIG. 2; 
0071 FIG. 5 is a waveform showing an operation of the 
conventional semiconductor memory device; 
0072 FIG. 6 is a cross-sectional view describing a unit 
cell of the semiconductor memory device in order to show 
a cause of the bleed current; 
0073 FIG. 7 is a block diagram showing a semiconduc 
tor memory device in accordance with an embodiment of the 
present invention; 
0074 FIG. 8 is a block diagram for depicting the semi 
conductor memory device shown in FIG. 7 in detail; 
0075 FIG. 9 is a schematic circuit diagram depicting a 
sense amplifying block shown in FIG. 7: 
0076 FIG. 10 is a waveform showing an operation of the 
semiconductor memory device when the semiconductor 
memory device performs a read operation; 
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0.077 FIG. 11 is a waveform showing an operation of the 
semiconductor memory device when the semiconductor 
memory device performs a write operation; 
0078 FIG. 12 is a block diagram describing a semicon 
ductor memory device in accordance with an embodiment of 
the present invention; 
0079 FIG. 13 is a schematic circuit diagrams depicting 
a reference cell block shown in FIG. 12; and 
0080 FIG. 14 is a schematic circuit diagram showing a 
sense amplifying block shown in FIG. 12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0081. Hereinafter, a semiconductor memory device in 
accordance with the present invention will be described in 
detail referring to the accompanying drawings. 
0082 FIG. 7 is a block diagram showing a semiconduc 
tor memory device in accordance with an embodiment of the 
present invention. 
0083. As shown, the semiconductor memory device 
includes a plurality of cell arrays, e.g., 300a and 300b, a 
plurality of sense amplifying blocks, e.g., 200. The semi 
conductor memory device further includes word line con 
trollers, e.g., 500a and 500b, and reference cell blocks, e.g., 
400a and 400b, corresponding to the cell arrays. 
0084. In detail, each cell array, e.g., 300a, includes a 
plurality of unit cells, e.g., 310, each provided with a PMOS 
transistor and a capacitor. The PMOS transistor included in 
each unit cell connected to a corresponding word line WL0 
and WL1, driven based on a low voltage VBB and a power 
supply voltage VDD. 
0085. The word line controller 500a and 500b, deter 
mines a voltage transmitted to the word line WL0 and WL1. 
That is, the word line controller transmits the low voltage 
VBB to a word line when an inputted row address corre 
sponds to the word line; and transmits the power Supply 
voltage VDD when the word line is not activated. As 
described, the word line is driven by the low voltage VBB 
because of the PMOS transistor included in the unit cells. 

0.086 The PMOS transistor is turned on in response to a 
negative Voltage and, therefore, has a possibility to lose a 
low data. To prevent abovementioned low data loss, a word 
line connected to the PMOS transistor is driven by a low 
Voltage whose Voltage level is lower than a ground Voltage 
by an absolute value of a threshold voltage level of the 
PMOS transistor. For example, if a threshold voltage is 
about 0.7V, the low voltage VBB becomes about -0.7V. In 
actual case the PMOS transistor of about -2.0V is used in 
order to guarantee a reliable operation of the PMOS tran 
sistor. 

0087. The PMOS transistor included in the cell arrays of 
the embodiment of the present invention can be imple 
mented with a general MOS transistor which has carrier 
under a gate or a finFET. The finFET includes a fin pattern 
connecting a drain and a source and a gate Surrounding the 
fin pattern. The finFET performs operation reliably because 
a channel is formed on three sides of the fin pattern. 
0088. The sense amplifying block 200 for sensing and 
amplifying a data loaded at a bit line is shared by two 
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neighboring cell arrays, e.g., 300a and 300b. Therefore, the 
sense amplifying block 200 includes connection units for 
selectively connecting the cell arrays and the sense ampli 
fying block 200. 
0089 Bit lines of the semiconductor memory device in 
accordance with an embodiment of the present invention are 
in a floating state during a precharge step because any 
precharge Voltage is not supplied to the bit lines. Therefore, 
the reference cell block 400a and 400b transmits a reference 
voltage to the bit line bar/BL in order to correctly sense the 
data loaded at the bit line BL. 

0090 FIG. 8 is a block diagram for depicting the semi 
conductor memory device shown in FIG. 7 in detail. 
0091. The semiconductor memory device having a folded 
bit line structure receives a power supply voltage VDD and 
a ground Voltage VSS for operating and includes a plurality 
of unit cells each having a PMOS transistor and a capacitor. 
0092. In detail, the semiconductor memory device 
includes a first cell array 300a for storing data and for 
outputting a data signal to a bit line pair BL and /BL, a sense 
amplifying block 200 having a bit line sense amplifier 210 
for sensing and amplifying the data signal loaded on one of 
the first bit line BL and the first bit line bar /BL by 
amplifying a potential difference between the first bit line 
BL and the first bit line bar /BL, and a first reference cell 
block 400a for transferring a reference signal to the first bit 
line bar /BL when the data signal is outputted to the first bit 
line BL or to the first bit line BL when the data signal is 
outputted to the first bit line bar /BL. 
0093. The first reference cell block 400a includes a 
reference capacitor Top RC whose one terminal is coupled 
to a reference power supply terminal Top RPL: a first 
reference switching PMOS transistor Top PM1 for connect 
ing the other terminal of the reference capacitor Top RC to 
the first bit line BL when a data signal is delivered to the first 
bit line bar /BL; and a second reference switching PMOS 
transistor Top PM2 for connecting the other terminal of the 
reference capacitor Top RC to the first bit line bar/BL when 
a data signal is delivered to the first bit line BL. 
0094. Herein, a capacitance of the reference capacitor 
Top RC is substantially same with that of a unit cell 
capacitor, e.g., Cap1, included in the first cell array 300a. A 
Voltage level at the reference power Supply terminal 
Top RPL is one of the ground voltage VSS, a half of the 
power Supply Voltage VDD and the power Supply Voltage 
VDD. 

0095 The number of reference capacitors included in the 
first reference cell block 400a corresponds to the number of 
bit line pairs included in a corresponding cell array, i.e., the 
first cell array 300a. For instance, if the first cell array 300a 
includes 256 bit line pairs, the first reference cell block 400a 
includes 256 reference capacitors. Each reference capacitor 
is coupled to one of a corresponding bit line pair which 
carries no data signal to thereby deliver a reference signal 
stored in the reference capacitor to the coupled bit line. 
0096 FIG. 9 is a schematic circuit diagram depicting a 
sense amplifying block shown in FIG. 7. 
0097 As shown, the sense amplifying block 200 includes 
a bit line sense amplifier 210, a first and a second precharge 
units 220a and 220b, a first and a second auxiliary bit line 



US 2006/01 81917 A1 

sense amplifiers 230a and 230b, a data input/output unit 240, 
and a first and a second connection units 250a and 250b. 

0098. The first precharge unit 220a equalizes a potential 
difference between the first bit line pair BL and /BL coupled 
to the first cell array 300a at a precharge operation. That is, 
the first precharge unit 220a floats the first bit line bit line 
pair BL and /BL not providing a precharge Voltage to the first 
bit line bit line pair BL and /BL at the precharge operation. 
Herein, the first precharge unit 220a includes a first PMOS 
transistor Tp1 for connecting the first bit line BL to the first 
bit line bar /BL at the precharge operation. 

0099] The first connection unit 250a connected between 
the bit line sense amplifier 210 and the first precharge unit 
220a connects/disconnects the first bit line pair BL and /BL 
included in the first cell array 300a to/from the bit line sense 
amplifier 210. 

0100. The first connection unit 250a includes a second 
PMOS transistor TBH1 for connecting the bit line BL to the 
bit line sense amplifier 210 in response to a first connection 
control signal BISH; and a third PMOS transistor TBH2 for 
connecting the bit line bar/BL to the bit line sense amplifier 
210 in response to the first connection control signal BISH. 
0101 The first auxiliary bit line sense amplifier 230a 
amplifies and maintains a voltage level of one of the first bit 
line BL and the first bit line bar /BL included between the 
first cell array 300a and the first connection unit 250a, which 
has a smaller Voltage level than the other, as a voltage level 
of the ground voltage VSS. A signal BLPD H inputted to the 
first auxiliary bit line sense amplifier 230a has a voltage 
level of the ground voltage VSS while the bit line sense 
amplifier is operated. 

0102) In detail, the first auxiliary bit line sense amplifier 
230a includes a first auxiliary MOS transistor TSB1 and a 
second auxiliary MOS transistor TSB2. 
0103) One terminal of the first auxiliary MOS transistor 
TSB1 receives the signal BLPD H which is activated when 
the bit line sense amplifier 210 is enabled and the other 
terminal is coupled to the first bit line BL connected between 
the first cell array 300a and the first connection unit 250a. 
A gate of the first auxiliary MOS transistor TSB1 is coupled 
to the first bit line bar /BL connected between the first cell 
array 300a and the first connection unit 250a. Similarly, one 
terminal of the second auxiliary MOS transistor TSB2 
receives the signal BLPD H which is activated when the bit 
line sense amplifier 210 is enabled and the other terminal is 
coupled to the first bit line bar /BL connected between the 
first cell array 300a and the first connection unit 250a. Agate 
of the second auxiliary MOS transistor TSB2 is coupled to 
the first bit line BL connected between the first cell array 
300a and the first connection unit 250a. 

0104 Meanwhile, in accordance with the preferred 
embodiment, a cell array has a folded structure and also has 
a shared structure, i.e., a bit line sense amplifier is commonly 
coupled two neighboring cell arrays. Therefore, the semi 
conductor memory device further includes a second cell 
array 300b coupled to the other side of the bit line sense 
amplifier 210; and a second reference cell block 400b. 
0105 Similar to the first cell array 300a, the second cell 
array 300b stores data and outputs a data signal to a selected 
second bit line Bot BL or a second bit line bar /Bot BL. 
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0106 Herein, the semiconductor memory device further 
includes a second reference cell block 400b for transferring 
a reference signal to the second bit line bar/Bot BL when 
the data signal is outputted to the second bit line Bot BL or 
to the second bit line Bot BL when the data signal is 
outputted to the second bit line bar /Bot BL. 

0.107 Meanwhile, the sense amplifying unit 200 further 
includes the second precharge unit 220b, the second auxil 
iary bit line sense amplifier 230b, and the second connection 
unit 250b for connecting/disconnecting the second cell array 
300b to/from bit line sense amplifier 210. 
0108. The second precharge unit 220b equalizes a poten 

tial difference between the second bit line Bot BL and the 
second bit line bar/Bot BL included in the second cell array 
300b at the precharge operation. That is, the second pre 
charge unit 220b floats the second bit line Bot BL and the 
second bit line bar/Bot BL not proving a precharge Voltage 
to the second bit line Bot BL and the second bit line bar 
/Bot BL at the precharge operation. Herein, the second 
precharge unit 220b includes a fourth PMOS transistor Tp2 
for connecting the second bit line Bot BL to the second bit 
line bar/Bot BL at the precharge operation. 

0109) The second auxiliary bit line sense amplifier 230b 
connected between the second cell array 300b and the bit 
line sense amplifier 210 amplifies and maintains a voltage 
level of one of the second bit line Bot BL and the second bit 
line bar /Bot BL included between the second cell array 
300b and the second connection unit 250b, which has a 
smaller voltage level than the other, as a voltage level of the 
ground voltage VSS. 

0110. In detail, the second auxiliary bit line sense ampli 
fier 230b includes a first auxiliary NMOS transistor TSB3 
and a second auxiliary NMOS transistor TSB4. 

0111. One terminal of the first auxiliary NMOS transistor 
TSB3 receives a signal BLPD L which is activated when the 
bit line sense amplifier 210 is enabled and the other terminal 
is coupled to the second bit line Bot BL connected between 
the second cell array 300b and the second connection unit 
250b. Agate of the first auxiliary NMOS transistor TSB3 is 
coupled to the second bit line bar /Bot BL connected 
between the second cell array 300b and the second connec 
tion unit 250b. Similarly, one terminal of the second auxil 
iary NMOS transistor TSB4 receives the signal BLPD L 
which is activated when the bit line sense amplifier 210 is 
enabled and the other terminal is coupled to the second bit 
line bar /Bot BL connected between the second cell array 
300b and the second connection unit 250b. A gate of the 
second auxiliary NMOS transistor TSB4 is coupled to the 
second bit line Bot BL connected between the second cell 
array 300b and the second connection unit 250b. 
0112 Meanwhile, the bit line sense amplifier 210 
includes a first and a second sense amplifying PMOS 
transistors TS1 and TS2 and a first and a second sense 
amplifying NMOS transistors TS3 and TS4. 

0113. A gate of the first sense amplifying PMOS transis 
tor TS1 is connected to the first bit line bar /BL by the first 
connection unit 250a or to the second bit line bar /Bot BL 
by the second connection unit 250b. One terminal of the first 
sense amplifying PMOS transistor TS1 receives the power 
supply voltage VDD and the other terminal is connected to 
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the first bit line BL by the first connection unit 250a or to the 
second bit line Bot BL by the second connection unit 250b. 
0114 Similarly, a gate of the second sense amplifying 
PMOS transistor TS2 is connected to the first bit line BL by 
the first connection unit 250a or to the second bit line 
Bot BL by the second connection unit 250b. One terminal 
of the second sense amplifying PMOS transistor TS2 
receives the power supply voltage VDD and the other 
terminal is connected to the first bit line bar /BL by the first 
connection unit 250a or to the second bit line bar /Bot BL 
by the second connection unit 250b. 
0115) A gate of the first sense amplifying NMOS tran 
sistor TS3 is connected to the first bit line bar/BL by the first 
connection unit 250a or to the second bit line bar /Bot BL 
by the second connection unit 250b. One terminal of the first 
sense amplifying NMOS transistor TS3 receives a first low 
voltage VBB and the other terminal is connected to the first 
bit line BL by the first connection unit 250a or to the second 
bit line Bot BL by the second connection unit 250b. 
0116 Similarly, a gate of the second sense amplifying 
NMOS transistor TS4 is connected to the first bit line BL by 
the first connection unit 250a or to the second bit line 
Bot BL by the second connection unit 250b. One terminal 
of the second sense amplifying NMOS transistor TS4 
receives the first low voltage VBB and the other terminal is 
connected to the first bit line bar/BL by the first connection 
unit 250a or to the second bit line bar/Bot BL by the second 
connection unit 250b. 

0117) Herein, the first low voltage VBB has a lower 
Voltage level than the ground Voltage VSS having a Voltage 
level of about -0.5V. The bit line sense amplifier 210 
performs a sensing and amplifying operation by using the 
first low voltage VBB and the power supply voltage VDD. 
0118. Meanwhile, a PMOS transistor included in a unit 
cell, e.g., TC1, is turned on in response to a second low 
voltage VBBW which is lower than the first low voltage 
VBB having a voltage level of about -2.0V. A selected unit 
cell included in the first cell array 300a is activated by 
turning on a PMOS transistor included in the selected unit 
cell by using the second low voltage VBBW and the selected 
unit cell is inactivated by turning off the PMOS transistor by 
using the power Supply Voltage VDD. 

0119) Meanwhile, the semiconductor memory device fur 
ther includes a data input/output unit 240 for outputting a 
data sensed and amplified by the bit line sense amplifier 210 
through a data line (LDB, LDBB) and for delivering a data 
inputted from the data line to the bit line sense amplifier 210. 
0120 In detail, the data input/output unit 240 includes a 

first and a second input/output MOS transistors TO1 and 
T02. A gate of the first input/output MOS transistor TO1 
receives an input/output control signal. One terminal of the 
first input/output MOS transistor TO1 is connected to the 
first and the second bit lines BL and Bot BL and the other 
terminal of the first input/output MOS transistor TO1 is 
coupled to a first data line LDB. Similarly, a gate of the 
second input/output MOS transistor T02 receives the input/ 
output control signal; and one terminal of the second input/ 
output MOS transistor T02 is connected to the first and the 
second bit line bars /BL and Bot BL and the other terminal 
of the second input/output MOS transistor T02 is coupled to 
a second data line LDBB. 

Aug. 17, 2006 

0121 FIGS. 10 and 11 are waveforms respectively 
showing a read and a write operation of the semiconductor 
memory device. 
0122) Referring to FIGS. 7 to 11, the operations of the 
semiconductor memory device are described below. 
0123. As abovementioned, each of the unit cells in accor 
dance with the embodiment of the present invention is 
implemented with a PMOS transistor and a capacitor. There 
fore, the low voltage VBB, e.g., 2V, is used for activating a 
word line and the power supply voltage VDD is used for 
deactivating the word line. 
0.124. Further, the connection units 250a and 250b and 
the precharge units 220a and 220b are provided with PMOS 
transistors. Thus, the PMOS transistors included in the 
connection units 250a and 250b and the precharge units 
220a and 220b can be configured in an N-well provided for 
unit cells. 

0.125 Meanwhile, the semiconductor memory device 
floats a bit line and a bit line bar without providing a 
precharge voltage to the bit line and the bit line bar at the 
precharge operation. For this operation, a reference cell bock 
is included. 

0.126 The bit line sense amplifier performs a sensing and 
amplifying operation by using the power Supply Voltage 
VDD and the low voltage VBB which is lower than the 
ground voltage GND. If a voltage level of the power supply 
voltage is more decreased, it is possible that an absolute 
quantity of the power Supply Voltage VDD is equal to that 
of the low voltage VBB. In this case, a precharge voltage 
level of a bit line is maintained as the ground voltage VSS 
if voltage levels of two bit lines are maintained same after 
a sensing operation of the bit line sense amplifier. 
0127. The semiconductor memory device includes an 
auxiliary bit line sense amplifier for maintaining a voltage 
level of a neighboring bit line pair as a half of VDD by using 
a reference cell block and a precharge unit when the bit line 
sense amplifier is operated for a data access. 
0128. Hereinafter, the above-mentioned operations of the 
semiconductor memory device are described in detail. 
Herein, it is assumed that a read operation is performed for 
reading a high-level data 1, and the data is transferred to 
the first bit line BL. 

0129. A data access operation of the semiconductor 
memory device can be classified into four steps: a precharge 
step, a read/write step, a sense step, and a restore step. 
0.130. At the precharge step, precharge signals BLEQ H 
and BLEQ L are activated and, thus, voltage levels of the 
first bit line BL and the first bit line bar /BL are equalized 
and voltage levels of a first bit line Top BL and a first bit line 
bar (Top BL are also equalized. 
0.131. As above-mentioned, since a particular precharge 
Voltage is not provided at the precharge step, bit line pairs 
BL and /BL, SABL and SA/BL and Bot BL and/Bot BL 
are floated (to). At this time, the first and the second 
connection units 250a and 250b are turned on. 

0132) Therefore, the bit line pairs BL and /BL, SA BL 
and SA /BL and Bot BL and /Bot BL keep a voltage level 
of about half of the power supply voltage VDD at the 
precharge step by using enabled precharge units 220a and 
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220b right after a read/write operation is performed. That is, 
after a sensing and amplifying operation is performed by the 
bit line sense amplifier, one of a bit line pair has a Voltage 
level of the power supply voltage VDD and the other has a 
voltage level of the ground voltage GND. Thereafter, since 
a particular precharge Voltage is not provided, the bit line 
voltage level of half of the power supply voltage VDD is 
decreased if a period of the precharge step is longer. If the 
precharge step is more continuously performed not entering 
the read step, the voltage level of the bit line pairs BL and 
/BL and SA BL and SA /BL is decreased to the ground 
voltage GND. 
0133. Therefore, a precharge voltage of a floated bit line 
has a variable voltage level between the half of the power 
supply voltage VDD and the ground voltage GND. As a 
result, a timing of performing the read step determines the 
precharge voltage of the floated bit line. 

0134) Thereafter, at the read step, a single word line is 
selected by decoding an inputted address. The second low 
voltage VBBW of about -2.0V is inputted to the selected 
word line. The absolute value of the second low voltage 
VBBW is greater than that of the threshold voltage of the 
PMOS transistor included in unit cells. 

0135 All the MOS transistors corresponding to the 
selected word line are turned on and a data stored in a 
capacitor is transferred to the bit line BL through a turned-on 
MOS transistor. 

0136. If the data, i.e., "1, is delivered to the bit line BL, 
voltage levels of the bit lines BL and SA BL, which have a 
voltage level between the half of the power supply voltage 
VDD and the ground voltage GND as above-mentioned, are 
increased by an amount of a signal level of the data. 
0137 Meanwhile, a reference signal is inputted to the bit 
lines /BL and SA /BL which have no data signal. A refer 
ence word line (Top RWL having no data signal is activated 
as the second low voltage VBBW and, thus, the second 
reference MOS transistor Top PM2 is turned on. Accord 
ingly, the reference signal stored in the reference capacitor 
Top RC is transferred to the bit lines /BL and SA /BL and, 
thus, voltage levels of the bit lines /BL and SA /BL are 
increased by an amount of a predetermined Voltage level. At 
this time, similar to the bit lines BL and SA BL, voltage 
levels of the bit lines /BL and SA/BL is decreased from the 
half of the power supply voltage before the input of the 
reference signal and, then, voltage levels of the bit lines /BL 
and SA /BL are increased by an amount of a signal level of 
the reference signal. 
0138. As above-mentioned, a capacitance of the refer 
ence capacitor Top RC is substantially same to that of a unit 
cell capacitor Cap. A charge amount of the reference capaci 
tor Top RC which stores the reference signal is half of a 
charge amount of the unit cell capacitor Cap which stores the 
data 1. That is, reference power supply terminals, i.e., Half 
VDD, Top RPL and Bot RPL receive a voltage level of 
VDD/2, a charge amount of the reference capacitor Top RC 
which stores the reference signal is half of a charge amount 
of the unit cell capacitor Cap which stores the data 1. At 
this time, a voltage level supplied by the reference power 
supply terminals Top RPL and Bot RPL is same to a 
voltage level of a plate voltage PL of a unit cell capacitor 
included in a cell array. At this time, the Voltage level can 
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have a voltage level of VDD, VDD/2 or GND. A voltage 
level which is same to the plate voltage PL is supplied to a 
reference signal power supply terminal VCP so that the 
reference signal can have a half signal level of the data 
signal. 
0.139. Accordingly, a signal level increased of the bit line 
bar /BL which receives the reference signal is half of that of 
the bit line BL which receives the data signal. For instance, 
when the power supply voltage is 1.0V and there is a voltage 
increase by 0.2V due to the data signal, the bit lines BL and 
/BL have a voltage level of about 0.5V at an initial state of 
the precharge step. Thereafter, as the precharge step is 
continued, a voltage level of the bit lines BL and /BL is 
decreased to about 0.3V. At this time, if a read command is 
performed, a voltage level of the bit line BL having the data 
signal is increased to about 0.5V (=0.3V+0.2V) and a 
voltage level of the bit line bar /BL having the reference 
signal is increased to 0.4V (=0.3V+0.1V). 
0140 Meanwhile, the precharge signal BLEQ H is 
inputted as an activated state of the low voltage VBB in 
order to enable the first precharge unit 220a during the 
precharge step and is inputted as an inactivated State of the 
power Supply Voltage in order to disable the first precharge 
unit 220a during the read, sense and restore steps. 
0.141 Next, at the sense step, a first sense amplifier power 
supply terminal SAP of the bit line sense amplifier 210 
receives the power Supply Voltage VDD and a second sense 
amplifier power supply terminal SAN receives the low 
voltage VBB. 
0142. Therefore, the bit line sense amplifier 210 sense a 
voltage difference between the bit lines BL and /BL to 
thereby amplify a voltage level of a bit line having a higher 
voltage level, i.e., the bit line BL, to a voltage level of a high 
voltage VPP and amplify a voltage level of the bit line bar 
/BL to the ground voltage GND (t2). 
0.143 Since the bit line sense amplifier 210 performs the 
amplifying operation by using the high voltage VPP and the 
low voltage VBB, the amplifying operation can be per 
formed at a high speed in comparison with using the power 
supply voltage VDD and the ground voltage GND. 
0144. Herein, a voltage level of the bit line SA /BL 
included between the bit line sense amplifier 210 and the 
second connection unit 250b is amplified to the negative low 
voltage VBB; however, the bit line/BL included between the 
first cell array 300a and the first connection unit 250a is 
amplified to the ground voltage GND. Since the first con 
nection control signal BISH inputted to each gate of the 
Second and the third PMOS transistors TSH1 and TSH2 
included in the first connection unit 250a has a voltage level 
of a low voltage VBB H, even though the bit line SA /BL 
coupled to the bit line sense amplifier 210 is amplified to the 
low voltage, the bit line /BL coupled to the first cell array 
300a is amplified to the ground voltage which is higher than 
the low Voltage. 
0145 Accordingly, the second connection unit 250b per 
forms a clamping operation so that a low voltage level is not 
transferred to the second cell array 300b even though the bit 
line sense amplifier 210 amplifies the bit line SA /BL to the 
low Voltage VBB. Also, since a parasitic capacitance is 
relatively smaller than a sub-threshold voltage of the second 
and the third PMOS transistors TSH1 and TSH2 included in 
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the first connection unit 250a, the bit line /BL coupled to a 
cell array can keep a voltage level of the ground Voltage 
GND during the sensing and amplifying operation of the bit 
line sense amplifier 210 and the restore step. 
0146 Therefore, since the bit lines BL and /BL coupled 
to a cell array can keep a voltage level of the ground Voltage 
by preventing the low voltage VBB amplified by the bit line 
sense amplifier 210 from being transferred to the bit lines BL 
and /BL, a Voltage variation of a bit line is prevented and, 
thus, an operational speed of the bit line sense amplifier 210 
can be improved and a power consumption due to a Voltage 
variation of a bit line coupled to a cell array can be reduced. 
For this, the first and the second connection units 250a and 
250b are provided not only for controlling the connection 
between the bit line sense amplifier 210 and a cell array but 
also for preventing a low voltage VBB H from being 
transferred to the bit lines BL, /BL, Top BL and (Top BL 
included in a cell array. 
0147 However, the first and the second connection units 
250a and 250b are not enough for stably maintaining a 
voltage level of the bit lines BL and /BL included in a cell 
array as the ground voltage GND. Therefore, the first and the 
second auxiliary bit line sense amplifier 230a and 230b are 
provided for maintaining a voltage level of the bit lines BL 
and /BL included in a cell array as the ground voltage GND 
even though the bit lines SA BL and SA /BL coupled to the 
bit lines sense amplifier 210 are amplified to the negative 
low voltage VBB H. 
0148. The auxiliary bit line sense amplifier, e.g., 230a, 
amplifies and maintains one of the bit lines BL and /BL 
included in the first cell array 300a, which has a lower 
Voltage level than the other, as the ground Voltage level 
while the bit line sense amplifier 210 performs the sensing 
and amplifying operation. When the bit line sense amplifier 
210 amplifies a voltage level of the bit line SA BL to the 
power supply voltage VDD and amplifies a voltage level of 
the bit line SA /BL to the low voltage VBB, the bit line BL 
keeps a Voltage level of the power Supply Voltage and the bit 
line bar /BL keeps a voltage level of the ground voltage 
GND. At this time, the auxiliary bit line sense amplifier 230a 
decreases a voltage level of the bit line bar/BL to the ground 
voltage GND when a voltage level of the bit line bar /BL is 
higher than the ground Voltage GND and increases a Voltage 
level of the bit line bar/BL to the ground voltage GND when 
a voltage level of the bit line bar /BL is lower than the 
ground voltage GND. 
0149 The signals BLPD H and BLPD L respectively 
inputted to the first and the second auxiliary bit line sense 
amplifiers 230a and 230b are activated as the ground voltage 
during an activation period of the bit line sense amplifier 210 
(t2, t3, ta). As above-mentioned, gates of two MOS transis 
tors included in the auxiliary bit line sense amplifier, e.g., 
TSB1 and TSB2, are cross-coupled to the bit lines BL and 
/BL and each one terminal of the MOS transistors receives 
the ground Voltage to thereby maintain a Voltage level of a 
lower bit line to the ground voltage. 
0150. If each unit pixel included in cell arrays is imple 
mented with a NMOS transistor and a capacitor and a sense 
amplifier amplifies a bit line pair as a power Supply Voltage 
VDD and a low voltage VBB, the NMOS transistor may be 
turned on in response to the low voltage VBB loaded at the 
bit line. Therefore, a data corresponding to unselected word 
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line is lost. Thus, it is prevented the low voltage VBB from 
being transmitted to the bit line configured in cell array. 
0151. On the other hand, the unit cell in accordance with 
the embodiment of the present invention includes a PMOS 
transistor. Therefore, the PMOS transistor is not turned on 
even though the low voltage VBB amplified by the sense 
amplifier is transmitted to the cell array. Because of the 
reason, the bit line is not required to be classified into a bit 
line configured in cell arrays and a bit line amplified by the 
sense amplifier. 
0152 However, a driving capability of the sense ampli 
fier must be increased to amplify the bit line configured in 
the cell arrays as the low voltage VBB level. In this case, an 
amount of power consumption increases. The semiconduc 
tor memory device in accordance with an embodiment of the 
present invention only amplifies the bit line configured in 
sense amplifying block as the low voltage VBB. Therefore, 
the amount of power consumption is dramatically reduced. 
0153. Meanwhile, each connection control signal input 
ted to the first and the second connection unit 250a and 250b 
has two voltage levels: one is a low voltage VBB L having 
a negative Voltage level whose absolute quantity is larger 
than a threshold voltage of a PMOS transistor included in the 
first and the second connection units 250a and 250b and the 
other is a low voltage VBB H having a negative voltage 
level whose absolute quantity is equal to the threshold 
voltage of a PMOS transistor included in the first and the 
second connection units 250a and 250b. 

0154) The first and the second connection control signals 
BISH and BISL are inputted as the low voltage VBB H for 
equalizing Voltage levels of a bit line pair included in the 
first and the second cell arrays 300a 300b, e.g., the bit line 
pair BL and /BL, during the precharge step. 
0.155). At the read step where first cell array 300a is 
connected to the bit line sense amplifier 210 and the second 
cell array 300b is disconnected from the bit line sense 
amplifier 210, the second connection control signal BISL is 
provided as the power supply voltage VDD to disable the 
second connection unit 250b and the first connection control 
signal BISH is activated having a voltage level of the low 
voltage VBB L to enable the first connection unit 250a. 
Thereafter, at the sense step where the bit line sense ampli 
fier 210 senses and amplifies a voltage difference between 
bit lines SA BL and SA /BL and the restore step, the 
activated first connection control signal BISH is provided as 
the low voltage VBB H. 
0156 Therefore, during the sensing and amplifying 
operation, the relatively lower low voltage VBB L is used 
for more reliable isolation between the bit line sense ampli 
fier and a bit line coupled to a cell array and, then, the 
relatively higher low voltage VBB H is used for the isola 
tion between the bit line sense amplifier and the bit line 
coupled to the cell array. This is for the bit line sense 
amplifier to perform the sensing and amplifying operation 
more quickly by using the low voltage VBB H when the bit 
line sense amplifier mainly performs the sensing and ampli 
fying operation. 

0157 Thereafter, when the sensing and amplifying 
operation of the bit line sense amplifier 210 is completed, an 
input/output control signal Y1 is activated for a predeter 
mined time. Then, in response to the input/output control 
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signal Y1, a data signal latched by the bit line sense amplifier 
210 is outputted to the first local data line pair SIO and SIOB 
(t3). 
0158. Thereafter, at the restore step, the data signal is 
restored to an original unit cell by using the data signal 
latched by the bit line sense amplifier 210 (ta). When the 
restore step is completed, a word line WL is inactivated as 
the power supply voltage VDD, and the first and the second 
sense amplifier power supply terminals SAP and SAN are 
respectively supplied with the ground voltage GND and a 
half of the power supply voltage VDD so that the bit line 
sense amplifier 210 is disabled. 

0159. Since the first local data line pair SIO and SIOB is 
precharged to the power supply voltage VDD or a half of the 
power supply voltage VDD while a data is not transferred, 
according to the prior art, a Voltage level of a bit line, i.e., 
SA /BL, amplified to the ground voltage by the bit line 
sense amplifier 210 is increased to predetermined voltage 
level during transferring a data amplified by the bit line 
sense amplifier 210. Accordingly, an enough time for the 
restore time should be provided for the increased voltage 
level of the bit line /BL to be decreased to the ground 
Voltage. Otherwise, a wrong data can be restored to the 
original unit cell; particularly, if an original data is 0, the 
original data is restored as 1. For overcoming the above 
mentioned problem, a period of the restore step (ta) should 
be long according to the prior art. 

0160 However, in accordance with the present invention, 
since the bit line SA BL is amplified to the low voltage VBB 
which is lower than the ground voltage GND, even though 
a current is flown to the bit line/BL coupled to the bit line 
sense amplifier by the first local data line pair SIO and SIOB, 
a voltage level of the bit line/BL coupled to the bit line sense 
amplifier is not increased because the flown current is 
compensated by the bit line having the low voltage VBB. 
Even though the voltage level of the bit line/BL is increased, 
the voltage level of the bit line /BL is not higher than a 
voltage level of the ground voltage GND at least. Accord 
ingly, the period of the restore step (ta) can be decreased in 
comparison with the prior art. 

0161 Thereafter, when the precharge signal BLEQ H is 
activated as a logic high level, the bit lines BL and /BL have 
a same voltage level and are floated. Also, the first and the 
second connection signals BISH and BISL are provided as 
the low voltage VBB H and, thus, all of the bit lines BL, 
SABL, Bot BL, FBL, SA /BL and /Bot BL are connected 
(t5). 
0162. As above-mentioned, at an initial state of the 
precharge step, the bit lines BL and /BL keep a voltage level 
of a half of the power supply voltage; however, the voltage 
level of the bit lines BL and /BL is decreased as time passes 
because the bit lines BL and /BL are floated not receiving a 
particular precharge Voltage. 

0163 Meanwhile, while the first connection unit 250a is 
enabled, the second reference cell block 400b and the second 
precharge unit 220b are enabled so that a voltage level of the 
second bit line Bot BL and the second bit line bar /Bot BL 
is maintained as a precharge Voltage. In accordance with the 
present invention, while voltage levels of a bit line pair are 
maintained to have a same Voltage level at the precharge 
step, the bit line pair is floated not being supplied with a 
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special precharge Voltage. Therefore, there is no particular 
precharge voltage which all of the bit lines keep at the 
precharge step. 
0164. However, the precharge voltage means a half of the 
power Supply Voltage which a bit line pair keeps when the 
bit line pair has a same voltage level after one of the bit line 
pair has a Voltage level of the power Supply Voltage and the 
other has a Voltage level of the ground Voltage after per 
forming a data read or write operation. That is, while the bit 
line sense amplifier 210 accesses a data of a unit cell, a 
voltage level of a bit line pair which shares the bit line sense 
amplifier 210 and is not connected to the bit line sense 
amplifier 210 is maintained as the half of the power supply 
Voltage by using a corresponding precharge unit and a 
reference cell block. This operation of the reference block is 
shown in FIG. 11. Since a voltage level of a bit line included 
in an inactivated cell array is rapidly decreased due to a 
voltage difference between the power supply terminal (SAP) 
of the bit line sense amplifier which operates for accessing 
a data and a voltage level of the bit line included in the 
inactivated cell array, the above-mentioned operation is 
needed. 

0.165 Although MOS transistors which receive the first 
or the second connection control signals BISL or BISH are 
provided between the power supply terminal SAP and the 
inactivated cell array, and even though the MOS transistors 
are turned off, a sub-current still flows and the bit line 
included in the inactivated cell array is rapidly decreased 
due to a leakage current of the sub-current. If a size of the 
MOS transistor is larger, the above-mentioned problem 
becomes more serious. 

0166 Generally, a semiconductor memory device keeps 
a precharge Voltage as VDD/2. Herein, in a shared structure, 
when the bit line sense amplifier senses and amplifies a 
voltage difference between a bit line pair coupled to one side 
of the bit line amplifier for a data accessing, the other bit line 
pair which does not serve to access a data and is coupled to 
the other side of the bit line sense amplifier keeps a pre 
charge voltage level of VDD/2. However, there occurs an 
error since the precharge Voltage level is decreased due to a 
Voltage difference between the precharge Voltage and a 
ground Voltage Supply terminal of a bit line. 
0.167 In accordance with the present invention, since a 
bit line pair which does not serve to access a data is floated 
at the precharge step, the above-mentioned problem does not 
occur. However, if the precharge Voltage is maintained as a 
VDD/2, a data access operation can be performed more 
effectively since the precharge voltage level of VDD/2 is the 
most effective for sensing a high-level data and a low-level 
data. 

0.168. Since the semiconductor memory device in accor 
dance with the present invention maintains a Voltage level of 
a bit line pair which neighbors with a bit line pair served for 
a data access as the VDD/2 by using a reference cell block 
and a precharge unit, all of bit line pairs which neighbor with 
the data accessing bit line pair can keep a Voltage level of 
VDD/2. Accordingly, a precharge Voltage can be secured no 
generating a particular control signal. 
0169. The above-mentioned operation of the semicon 
ductor memory device is described on the assumption that a 
data 1 is read out. Hereinafter, an operation of the semi 
conductor memory device for read a data 0 is described 
below. 
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0170 In case that a data to be read is 0, a capacitor of 
a selected unit cell is discharged. Accordingly, a Voltage 
level of the first bit line BL receiving a data signal is not 
changed at the read step after the precharge step (t2). That 
is, a voltage level of the first bit line BL keeps a voltage level 
of the ground Voltage. 

0171 Meanwhile, since the first bit line bar/BL receives 
a reference signal, a voltage level of the first bit line bar/BL 
is increased by a predetermined Voltage level. Herein, an 
amount of the voltage increase of the first bit line bar/BL is 
determined by a charge quantity corresponding to the ref 
erence signal, i.e., a charge quantity stored in the reference 
capacitor Top RC. 

0172 Thereafter, the bit line sense amplifier 210 senses 
the voltage difference between the first bit line BL and the 
first bit line bar /BL and amplifies a voltage level of the bit 
line BL and a voltage level of the first bit line bar/BL to the 
low voltage VBB and to the power supply voltage VDD 
respectively, then, the bit line sense amplifier 210 latches the 
amplified voltage levels. Herein, a voltage level of the first 
bit line BL included in the first cell array 300a is maintained 
as the ground voltage by the first connection unit 250a. 
0173 Since the remaining operations for reading 0 is 
same to that for reading 1, detailed descriptions are omit 
ted. 

0174 Hereinafter, the writing operation of the semicon 
ductor memory device is described below. 
0175. The write operation is very similar to the read 
operation. While a data signal sensed and amplified by the 
bit line sense amplifier 210 is outputted to the first local data 
line LDB and LDBB during t3 at the read operation, a data 
signal inputted according to a write command is transferred 
to the write driver unit through the input/output pad and the 
data input/output buffer at the write operation. Then, the data 
signal outputted from the write driver unit is delivered to the 
bit line sense amplifier 210 through the first and the second 
local data lines. 

0176) Then, the bit line sense amplifier 210 replaces a 
previously latched data signal with the delivered data signal, 
and the newly latched data signal is stored to a unit cell at 
the restore step (ta). The bit line sense amplifier 210 also 
performs a sensing and amplifying operation by using the 
power supply voltage VDD and the low voltage VBB at the 
write operation. 

0177 FIG. 12 is a block diagram describing a semicon 
ductor memory device in accordance with an embodiment of 
the present invention. 

0178 As shown, the semiconductor memory device 
employs an open bit line structure which a bit line pair is 
configured neighboring two cell arrays. For example, a bit 
line BLn is configured in a first cell array 300a and a bit line 
bar /BLn is configured in a second cell array 300b. When 
data is loaded at one of the bit line pair, a reference signal 
is loaded at the other of the bit line pair. Then, a sense 
amplifier performs sensing and amplifying operation the 
difference between the bit line pair. 

0179 FIGS. 13 and 14 are schematic circuit diagrams 
respectively depicting a reference cell block and a sense 
amplifying block shown in FIG. 12. 
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0180. The operation of the semiconductor memory 
device employing the open bit line structure is Substantially 
same with that of the semiconductor memory device 
employing the folded bit line structure. Therefore, detailed 
description about the operation of the semiconductor 
memory device shown in FIGS. 12 to 14 is omitted. 
0181. As above described, the semiconductor memory 
device in accordance with an embodiment of the present 
invention includes PMOS transistor in unit cells and in 
reference blocks and precharge blocks included in sense 
amplifying block. Therefore, the semiconductor memory 
device reduces an amount of leakage current occurring to the 
unit cell and it is possible to form the unit cell, the reference 
block, and the precharge block in a single N-well. Moreover, 
the semiconductor memory device efficiently operates with 
low Voltage without any degradation of operation speed. 

0182. The present application contains subject matter 
related to Korean patent application No. 2005-08131, filed 
in the Korean Patent Office on Jan. 28, 2005, the entire 
contents of which being incorporated herein by reference. 

0183 While the present invention has been described 
with respect to the particular embodiments, it will be appar 
ent to those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following 
claims. 

What is claimed is: 

1. A semiconductor memory device, comprising: 

a first cell array including a plurality of unit cells, each of 
which has a PMOS transistor and a capacitor; and 

a bit line sense amplifying unit for sensing and amplifying 
data signals stored in the unit cells. 

2. The semiconductor memory device as recited in claim 
1, wherein the PMOS transistor is turned on in response to 
a first low Voltage having a lower Voltage level than a ground 
Voltage. 

3. The semiconductor memory device as recited in claim 
2, wherein an absolute value of the first low voltage is 
greater than that of a threshold voltage of the PMOS 
transistor. 

4. The semiconductor memory device as recited in claim 
2, wherein the PMOS transistor is turned on in case that a 
corresponding unit cell is activated and is turned offin case 
that the corresponding unit cell is inactivated. 

5. The semiconductor memory device as recited in claim 
4, wherein the bit line sense amplifying unit amplifies the 
data signals stored in the unit cells based on a power Supply 
Voltage and a second low Voltage which is higher than the 
first low Voltage and lower than the ground Voltage. 

6. The semiconductor memory device as recited in claim 
5, wherein the first low voltage is about -2.0V and the 
second low voltage is about -0.5V. 

7. The semiconductor memory device as recited in claim 
1, further comprising a second cell array sharing the bit line 
sense amplifying unit with the first cell array, wherein the 
second cell array includes a plurality of unit cells, each of 
which has a PMOS transistor and a capacitor. 
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8. The semiconductor memory device as recited in claim 
7, further comprising: 

a first connecting PMOS transistor for connecting/discon 
necting the first cell array to/from the bit line sense 
amplifying unit; and 

a second connecting PMOS transistor for connecting/ 
disconnecting the second cell array to/from the bit line 
sense amplifying unit. 

9. The semiconductor memory device as recited in claim 
8, wherein the first and the second connecting PMOS 
transistors are turned on by a first negative Voltage during a 
period where data signals stored in the plurality of unit cells 
loaded at a bit line pair and are turned on by a second 
negative voltage during the other periods, wherein an abso 
lute value of the first negative Voltage is greater than those 
of threshold Voltages of the first and the second connecting 
PMOS transistors and an absolute value of the second 
negative voltage is Substantially the same as those of the 
threshold voltages of the first and the second PMOS tran 
sistors. 

10. The semiconductor memory device as recited in claim 
1, wherein the PMOS transistor is a finFET. 

11. The semiconductor memory device as recited in claim 
7, wherein the bit line sense amplifying unit amplifies the 
data signals stored in the unit cells based on a power Supply 
Voltage and a low Voltage which is lower than a ground 
Voltage. 

12. The semiconductor memory device as recited in claim 
11, wherein absolute values of the low voltage and the power 
Supply Voltage are the same. 

13. A semiconductor memory device, comprising: 

a first cell array including a plurality of unit cells, each of 
which has a PMOS transistor and a capacitor, and a 
plurality of bit line pairs, wherein the first cell array 
provides a data signal stored in a unit cell selected from 
the unit cells to a first bit line pair selected from the bit 
line pairs, the first bit line pair containing a first bit line 
and a first bit line bar; 

a bit line sense amplifier for sensing and amplifying a 
voltage difference between the first bit line and the first 
bit line bar after the data signal is provided to the first 
bit line pair; 

a first reference cell block for transmitting a reference 
signal to the first bit line bar when the data signal is 
loaded on the first bit line and for transmitting the 
reference signal to the first bit line when the data signal 
is loaded on the first bit line bar; and 

a first precharge block for equalizing Voltage levels of the 
first bit line and the first bit line bar during a precharge 
period without Supplying a precharge Voltage to the 
first bit line pair, wherein the first bit line and the first 
bit line bar are in a floating state during the precharge 
period. 

14. The semiconductor memory device as recited in claim 
13, wherein the first precharge block includes a PMOS 
transistor for connecting the first bit line and the first bit line 
bar during the precharge period. 
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15. The semiconductor memory device as recited in claim 
13, wherein the first reference cell block includes: 
a first reference capacitor whose one terminal is coupled 

to a reference power Supply terminal for providing the 
reference signal; 

a first switch for connecting the other terminal of the first 
reference capacitor to the first bit line when the data 
signal is delivered to the first bit line bar; and 

a second Switch for connecting the other terminal of the 
first reference capacitor to the first bit line bar when the 
data signal is delivered to the first bit line. 

16. The semiconductor memory device as recited in claim 
15, wherein a capacitance of the first reference capacitor is 
substantially the same as that of the capacitor of the unit cell 
in the first cell array. 

17. The semiconductor memory device as recited in claim 
15, wherein each of the first and the second switches 
includes a PMOS transistor. 

18. The semiconductor memory device as recited in claim 
16, wherein the reference power supply terminal provides 
one of a ground Voltage, a half of a power Supply Voltage, 
and the power Supply Voltage. 

19. The semiconductor memory device as recited in claim 
15, wherein the number of the first reference capacitors 
included in the first reference cell block corresponds to the 
number of the bit line pairs included in the first cell array. 

20. The semiconductor memory device as recited in claim 
13, wherein the bit line sense amplifier performs sensing and 
amplifying operation based on a first low Voltage which is 
lower than a ground Voltage. 

21. The semiconductor memory device as recited in claim 
20, wherein the PMOS transistor in the unit cell is turned on 
in response to a second low Voltage which is lower than the 
first low voltage. 

22. The semiconductor memory device as recited in claim 
20, wherein an absolute value of the first low voltage is 
greater than that of a threshold voltage of the PMOS 
transistor in the unit cell. 

23. The semiconductor memory device as recited in claim 
21, wherein the PMOS transistor in the unit cell is turned on 
in response to the second low Voltage when the unit cell is 
activated and turned off in response to a power Supply 
Voltage when the unit cell is inactivated. 

24. The semiconductor memory device as recited in claim 
13, wherein the bit line sense amplifier amplifies the data 
signal based on a power Supply Voltage and a low Voltage 
which is lower than a ground Voltage. 

25. The semiconductor memory device as recited in claim 
24, wherein absolute values of the low voltage and the 
power Supply Voltage are the same. 

26. The semiconductor memory device as recited in claim 
13, further comprising a first connection block configured 
between the bit line sense amplifier and the first precharge 
block to connect/disconnect the first bit line pair to/from the 
bit line sense amplifier. 

27. The semiconductor memory device as recited in claim 
26, wherein the first connection block includes: 

a first connecting PMOS transistor for connecting the first 
bit line and the bit line sense amplifier in response to a 
first connection control signal; and 

a second connecting PMOS transistor for connecting the 
first bit line bar and the bit line sense amplifier in 
response to the first connection control signal. 
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28. The semiconductor memory device as recited in claim 
27, wherein the first and the second connecting PMOS 
transistors are turned on by a first negative Voltage during a 
period where the data signal is loaded on the first bit line or 
the first bit line bar and are turned on by a second negative 
Voltage during the other periods, wherein an absolute value 
of the first negative voltage is greater than those of threshold 
voltages of the first and the second connecting PMOS 
transistors and an absolute value of the second negative 
voltage is substantially the same as those of the threshold 
voltages of the first and the second PMOS transistors. 

29. The semiconductor memory device as recited in claim 
27, further comprising a first auxiliary bit line sense ampli 
fier for amplifying and maintaining a line Voltage of the first 
bit line pair to a ground Voltage, wherein the line Voltage is 
a voltage of the first bit line or that of the first bit line bar 
whose voltage level is lower than the other. 

30. The semiconductor memory device as recited in claim 
29, wherein the first auxiliary bit line sense amplifier 
includes: 

a first NMOS transistor whose first terminal receives a 
signal which is enabled when the bit line sense ampli 
fier is activated, the other terminal is coupled to the first 
bit line connected between the first cell array and the 
first connection block, and gate is coupled to the first bit 
line bar connected between the first cell array and the 
first connection block; and 

a second NMOS transistor whose first terminal receives 
the signal which is enabled when the bit line sense 
amplifier is activated, the other terminal is coupled to 
the first bit line bar connected between the first cell 
array and the first connection block, and gate is coupled 
to the first bit line connected between the first cell array 
and the first connection block. 

31. The semiconductor memory device as recited in claim 
29, further comprising: 

a second cell array including a plurality of unit cells, each 
of which has a PMOS transistor and a capacitor, and a 
plurality of bit line pairs, wherein the second cell array 
provides a data signal stored in a unit cell selected from 
the unit cells to a second bit line pair selected from the 
bit line pairs, the second bit line pair containing a 
second bit line and a second bit line bar; 

a second connection block for connecting/disconnecting 
the second line pair to/from the bit line sense amplifier; 

a second reference cell block for transmitting a reference 
signal to the second bit line bar when the data signal is 
loaded on the second bit line and for transmitting the 
reference signal to the second bit line when the data 
signal is loaded on the second bit line bar, and 

a second precharge block for equalizing Voltage levels of 
the second bit line and the second bit line bar during the 
precharge period without Supplying a precharge Voltage 
to the second bit line pair. 

32. The semiconductor memory device as recited in claim 
31, wherein the second reference cell block and the second 
precharge block are activated when the second connection 
block is activated to thereby make the second bit line pair 
maintain the precharge Voltage level. 
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33. The semiconductor memory device as recited in claim 
31, wherein the second connection block includes: 

a third connecting PMOS transistor for connecting the 
second bit line and the bit line sense amplifier in 
response to a second connection control signal; and 

a fourth connecting PMOS transistor for connecting the 
second bit line bar and the bit line sense amplifier in 
response to the second connection control signal. 

34. The semiconductor memory device as recited in claim 
33, wherein the third and the fourth connecting PMOS 
transistors are turned on by a third negative Voltage during 
a period where the data signal is loaded on the second bit line 
or the second bit line bar and are turned on by a fourth 
negative voltage during the other periods, wherein an abso 
lute value of the third negative Voltage is greater than those 
of threshold voltages of the third and the fourth connecting 
PMOS transistors and an absolute value of the fourth 
negative voltage is Substantially the same as those of the 
threshold voltages of the third and the fourth PMOS tran 
sistors. 

35. The semiconductor memory device as recited in claim 
31, further comprising a second auxiliary bit line sense 
amplifier for amplifying and maintaining a line Voltage of 
the second bit line pair to the ground voltage, where the line 
voltage is a voltage of the second bit line or that of the 
second bit line bar whose voltage level is lower than the 
other. 

36. The semiconductor memory device as recited in claim 
35, wherein the second auxiliary bit line sense amplifier 
includes: 

a first NMOS transistor whose first terminal receives a 
signal which is enabled when the bit line sense ampli 
fier is activated, the other terminal is coupled to the 
second bit line connected between the second cell array 
and the second connection block, and gate is coupled to 
the second bit line bar connected between the second 
cell array and the second connection block; and 

a second NMOS transistor whose first terminal receives 
the signal which is enabled when the bit line sense 
amplifier is activated, the other terminal is coupled to 
the second bit line bar connected between the second 
cell array and the second connection block, and gate is 
coupled to the second bit line connected between the 
second cell array and the second connection block. 

37. The semiconductor memory device as recited in claim 
31, wherein the second precharge block includes a PMOS 
transistor for connecting the second bit line and the second 
bit line bar during the precharge period. 

38. The semiconductor memory device as recited in claim 
31, wherein the bit line sense amplifier includes: 

a first sense amplifying PMOS transistor whose gate is 
connected to the first bit line bar by the first connection 
unit and to the second bit line bar by the second 
connection unit, wherein one terminal of the first sense 
amplifying PMOS transistor is coupled to a power 
Supply Voltage and the other terminal is coupled to the 
first bit line by the first connection unit and to the 
second bit line by the second connection unit; 

a second sense amplifying PMOS transistor whose gate is 
connected to the first bit line by the first connection unit 
and to the second bit line by the second connection unit, 
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wherein one terminal of the second sense amplifying 
PMOS transistor is coupled to the power supply voltage 
and the other terminal is connected to the first bit line 
bar by the first connection unit and to the second bit line 
bar by the second connection unit; 

a first sense amplifying NMOS transistor whose gate is 
connected to the first bit line bar by the first connection 
unit and to the second bit line bar by the second 
connection unit, wherein one terminal of the first sense 
amplifying NMOS transistor is coupled to the first low 
voltage and the other terminal is connected to the first 
bit line by the first connection unit and to the second bit 
line by the second connection unit; and 

a second sense amplifying NMOS transistor whose gate is 
connected to the first bit line by the first connection unit 
and to the second bit line by the second connection unit, 
wherein one terminal of the second sense amplifying 
NMOS transistor is coupled to the first low voltage and 
the other terminal is connected to the first bit line bar 
by the first connection unit and to the second bit line bar 
by the second connection unit. 

39. The semiconductor memory device as recited in claim 
38, further comprising a data input/output block for output 
ting a data signal sensed and amplified by the bit line sense 
amplifier to a data line and delivering a data signal inputted 
through the data line to the bit line sense amplifier. 

40. The semiconductor memory device as recited in claim 
39, wherein the data input/output block includes: 

a first input/output MOS transistor whose gate receives an 
input/output control signal, first terminal is connected 
to the first and the second bit lines, and second terminal 
is coupled to a first data line; and 

a second input/output MOS transistor whose gate receives 
the input/output control signal, first terminal is con 
nected to the first and the second bit line bars, and 
second terminal is coupled to a second data line. 

41. The semiconductor memory device as recited in claim 
13, wherein the PMOS transistor in the unit cell is a finFET. 

42. A method for driving a semiconductor memory device 
including a plurality of unit cells and a plurality of bit line 
pairs, comprising: 

turning on a PMOS transistor included in a unit cell 
selected from the unit cells; 

transmitting a data signal stored in the unit cell to a bit line 
in a corresponding bit line pair; and 

sensing and amplifying a Voltage difference between the 
bit line and a bit line bar of the corresponding bit line 
pair based on a first low voltage which is lower than a 
ground Voltage. 

43. The method as recited in claim 42, wherein the bit line 
receiving a high data is amplified as a power Supply Voltage 
and the bit line bar is amplified as the first low voltage. 

44. The method as recited in claim 43, wherein absolute 
values of the first low voltage and the power Supply Voltage 
are the same. 

45. The method as recited in claim 42, wherein the PMOS 
transistor is turned on in response to a second low Voltage 
which is lower than the first low voltage. 

46. The method as recited in claim 45, wherein an 
absolute value of the second low voltage is greater than that 
of a threshold voltage of the PMOS transistor. 
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47. The method as recited in claim 42, further comprising 
performing a clamping operation to thereby prevent the first 
low voltage from being transmitted to the bit line pair 
connected to the unit cell during sensing and amplifying a 
voltage difference between the bit line and a bit line bar. 

48. The method as recited in claim 47, further comprising 
amplifying a lower voltage level of the bit line pair as the 
ground Voltage level. 

49. The method as recited in claim 47, further comprising 
outputting a data signal sense and amplified by a bit line 
sense amplifying unit through a data line in response to a 
read command. 

50. The method as recited in claim 47, further comprising 
replacing a data signal latched by a bit line sense amplifying 
unit with a data signal transmitted through a data line in 
response to a write command. 

51. The method as recited in claim 47, further comprising 
restoring a data signal latched by a bit line sense amplifying 
unit into the unit cell. 

52. The method as recited in claim 42, wherein sensing 
and amplifying a voltage difference between the bit line and 
a bit line bar includes: 

Supplying a bit line bar of a second cell array adjacent to 
a first cell array including the unit cell corresponds to 
the data signal with a reference signal; 

sensing and amplifying a voltage difference between the 
data signal and the reference signal. 

53. The method as recited in claim 52, further comprising: 
disconnecting bit lines configured in the first cell array 
among bit lines connected to a bit line sense amplifying 
unit from the bit line sense amplifying unit; 

disconnecting bit line bars configured in the second cell 
array among bit line bars connected to the bit line sense 
amplifying unit from the bit line sense amplifying unit; 
and 

amplifying Voltages of the disconnected bit lines and bit 
line bars as the ground Voltage. 

54. The method as recited in claim 52, further comprising 
without Supplying a precharge Voltage during a precharge 
period floating voltage levels of the bit line and the bit line 
bar. 

55. A method for driving a semiconductor memory device 
having a folded bit line structure and including a bit line 
sense amplifier, a first cell array and a second cell array 
sharing the bit line sense amplifier with the first cell array, 
comprising: 

connecting a first bit line pair configured in the first cell 
array to the bit line sense amplifier and disconnecting 
a second bit line pair configured in the second cell array 
from the bit line sense amplifier; 

activating a PMOS transistor of a unit cell selected from 
a plurality of unit cells configured in the first cell array 
to thereby transmit a data signal stored in the unit cell 
to a first bit line of the first bit line pair, wherein each 
unit cell has a PMOS transistor and a capacitor; 

transmitting a reference signal to a first bit line bar of the 
first bit line pair; and 

sensing and amplifying a voltage difference between the 
first bit line and the first bit line bar based on a power 
Supply Voltage and a first low Voltage lower than a 
ground Voltage. 
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56. The method as recited in claim 55, wherein one of the 
first bit line and the first bit line bar which receives a high 
level data is amplified as the power Supply Voltage and the 
other is amplified as the first low voltage. 

57. The method as recited in claim 56, wherein absolute 
values of the first low voltage and the power Supply Voltage 
are the same. 

58. The method as recited in claim 55, wherein the PMOS 
transistor is turned on in response to a second low Voltage 
which is lower than the first low voltage. 

59. The method as recited in claim 58, wherein an 
absolute value of the second low voltage is greater than that 
of a threshold voltage of the PMOS transistor. 

60. The method as recited in claim 55, further comprising 
equalizing and floating the first bit line pair and the second 
bit line pair after disconnecting the first bit line pair from the 
bit line sense amplifier. 

61. The method as recited in claim 55, wherein sensing 
and amplifying a voltage difference between the first bit line 
and the first bit line bar includes performing a clamping 
operation to thereby prevent the first low voltage from being 
transmitted to the first bit line pair connected to the unit cell. 

62. The method as recited in claim 55, further comprising 
amplifying a lower voltage level of the first bit line pair as 
the ground Voltage. 

63. The method as recited in claim 55, further comprising 
outputting a data signal sensed and amplified and latched by 
the bit line sense amplifier through a data line in response to 
a read command. 

64. The method as recited in claim 55, further comprising 
replacing a data signal sensed and amplified by the bit line 
sense amplifier with a data signal transmitted through a data 
line in response to a write command. 

65. The method as recited in claim 55, further comprising 
restoring a data signal sensed and amplified by the bit line 
sense amplifier into the unit cell. 

66. The method as recited in claim 55, wherein charge 
quantity of the reference signal has a value between charge 
quantity when the data signal transmitted to the first bit line 
is 0 and a charge quantity when the data signal transmitted 
to the first bit line is 1. 

67. The method as recited in claim 66, wherein the charge 
quantity of the reference signal is half of a larger charge 
quantity of the charge quantity when the data signal trans 
mitted to the first bit line is 0 and the charge quantity when 
the data signal transmitted to the first bit line is 1. 

68. The method as recited in claim 56, further comprising 
precharging the second bit line pair while the first bit line 
pair is connected to the bit line sense amplifier. 

69. The method as recited in claim 68, wherein the second 
bit line pair is precharged by using the reference signal. 

70. A semiconductor memory device, comprising: 

a first cell array including a plurality of unit cells each of 
which has a PMOS transistor and a capacitor and 
transmitting a first data signal stored in a unit cell 
selected from the plurality of unit cells to a first bit line: 

a second cell array including a plurality of unit cells each 
of which has a PMOS transistor and a capacitor and 
transmitting a second data signal stored in a unit cell 
selected from the plurality of the unit cells to a second 
bit line; 
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a bit line sense amplifier for sensing and amplifying a 
voltage difference between the first bit line and the 
second bit line; 

a reference cell block for transmitting a reference signal 
to the second bit line when the first data signal is loaded 
on the first bit line and transmitting the reference signal 
to the first bit line when the second data signal is loaded 
on the second bit line; and 

a precharge block for equalizing the first bit line and the 
second bit line without supplying the first and the 
second bit lines with a precharge Voltage during a 
precharge period. 

71. The semiconductor memory device as recited in claim 
70, wherein the precharge block includes a PMOS transistor 
for electrically connecting the first and the second bit lines 
during the precharge period. 

72. The semiconductor memory device as recited in claim 
70, wherein the reference cell block includes: 

a reference capacitor whose one terminal is coupled to a 
reference power Supply terminal for providing the 
reference signal; 

a first switch for connecting the other terminal of the 
reference capacitor to the first bit line when the second 
data signal is delivered to the second bit line; and 

a second Switch for connecting the other terminal of the 
reference capacitor to the reference power Supply ter 
minal during the precharge period. 

73. The semiconductor memory device as recited in claim 
72, wherein a capacitance of the reference capacitor is 
Substantially the same as that of the capacitor in the unit cell. 

74. The semiconductor memory device as recited in claim 
73, wherein each of the first and the second switches is a 
PMOS transistor. 

75. The semiconductor memory device as recited in claim 
73, wherein the reference power supply terminal provides 
one of a ground Voltage, half of a power Supply Voltage, and 
the power Supply Voltage. 

76. The semiconductor memory device as recited in claim 
72, wherein the number of the reference capacitors included 
in the first reference cell block corresponds to the number of 
the bit line pairs included in the first cell array. 

77. The semiconductor memory device as recited in claim 
70, wherein the bit line sense amplifier performs an ampli 
fying operation based on a first low Voltage which is lower 
than a ground Voltage. 

78. The semiconductor memory device as recited in claim 
77, wherein the PMOS transistor included in the unit cell is 
turned on in response to a second low Voltage which is lower 
than the first low voltage. 

79. The semiconductor memory device as recited in claim 
78, wherein an absolute value of the first low voltage is 
greater than that of a threshold voltage of the PMOS 
transistor. 

80. The semiconductor memory device as recited in claim 
79, wherein the PMOS transistor is turned on in response to 
the second low voltage when the unit cell is activated and 
turned off in response to a power Supply voltage when the 
unit cell is inactivated. 

81. The semiconductor memory device as recited in claim 
70, wherein the bit line sense amplifier amplifies the first or 
the second data signal based on a power Supply Voltage and 
a low Voltage which is lower than a ground Voltage. 
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82. The semiconductor memory device as recited in claim 
81, wherein absolute values of the low voltage and the 
power Supply Voltage are the same. 

83. The semiconductor memory device as recited in claim 
77, further comprising: 

a first connection block configured between the bit line 
sense amplifier and the first cell array for preventing the 
first low voltage from being supplied to the first bit line: 
and 

a second connection block configured between the bit line 
sense amplifier and the second cell array for preventing 
the first low voltage from being supplied to the second 
bit line. 

84. The semiconductor memory device as recited in claim 
83, wherein the first connection block includes a first con 
necting PMOS transistor for connecting the first bit line and 
the bit line sense amplifier. 

85. The semiconductor memory device as recited in claim 
84, wherein the second connection block includes a second 
connecting PMOS transistor for connecting the second bit 
line and the bit line sense amplifier. 

86. The semiconductor memory device as recited in claim 
85, wherein the first and the second connecting PMOS 
transistors are turned on by a first negative Voltage during a 
period where a data signal is loaded on one of the first and 
the second bit line and are turned on by a second negative 
Voltage during the other periods, wherein an absolute value 
of the first negative Voltage is greater than those of a 
threshold Voltages of the first and the second connecting 
PMOS transistors and an absolute value of the second 
negative voltage is Substantially the same as those of the 
threshold voltages of the first and the second PMOS tran 
sistors. 

87. The semiconductor memory device as recited in claim 
85, further comprising a first auxiliary bit line sense ampli 
fier for amplifying and maintaining the lower one of the first 
bit line between the first cell array and the first connection 
block and the second bit line between the second cell array 
and the second connection block as the ground Voltage level. 

88. The semiconductor memory device as recited in claim 
87, wherein the first auxiliary bit line sense amplifier 
includes: 

a first NMOS transistor whose first terminal receives the 
signal which is enabled when the bit line sense ampli 
fier is activated, the other terminal is coupled to the first 
bit line connected between the first cell array and the 
first connection block, and gate is coupled to the second 
bit line connected between the second cell array and the 
second connection block; and 

a second NMOS transistor whose first terminal receives 
the signal which is enabled when the bit line sense 
amplifier is activated, the other terminal is coupled to 
the second bit line connected between the second cell 
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array and the second connection block, and gate is 
coupled to the first bit line connected between the first 
cell array and the first connection block. 

89. The semiconductor memory device as recited in claim 
70, wherein the bit line sense amplifier includes: 

a first sense amplifying PMOS transistor whose gate is 
connected to the second bit line by the second connec 
tion block, wherein one terminal of the first sense 
amplifying PMOS transistor is coupled to the power 
Supply Voltage and the other terminal is coupled to the 
first bit line; 

a second sense amplifying PMOS transistor whose gate is 
connected to the first bit line by the first connection 
unit, wherein one terminal of the second sense ampli 
fying PMOS transistor is coupled to the power supply 
voltage and the other terminal is connected to the first 
bit line by the first connection block; 

a first sense amplifying NMOS transistor whose gate is 
connected to the second bit line by the second connec 
tion block, wherein one terminal of the first sense 
amplifying NMOS transistor is coupled to the first low 
voltage and the other terminal is connected to the first 
bit line by the first connection block; and 

a second sense amplifying NMOS transistor whose gate is 
connected to the first bit line by the first connection 
unit, wherein one terminal of the first sense amplifying 
NMOS transistor is coupled to the first low voltage and 
the other terminal is connected to the second bit line by 
the second connection block. 

90. The semiconductor memory device as recited in claim 
89, further comprising a data input/output block for output 
ting a data signal sensed and amplified by the bit line sense 
amplifier through a data line and for delivering a data signal 
inputted from the data line to the bit line sense amplifier. 

91. The semiconductor memory device as recited in claim 
90, wherein the data input/output block includes: 

a first input/output MOS transistor whose gate receives an 
input/output control signal, first terminal is connected 
to a common node of the first sense amplifying PMOS 
transistor and the first sense amplifying NMOS tran 
sistor, and second terminal is coupled to a first data line; 
and 

a second input/output MOS transistor whose gate receives 
the input/output control signal, first terminal is con 
nected to the common node of the second sense ampli 
fying PMOS transistor and the secondt sense amplify 
ing NMOS transistor, and second terminal is coupled to 
a second data line. 

92. The semiconductor memory device as recited in claim 
70, wherein the PMOS transistor in the unit cell is a finFET. 
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