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(57) ABSTRACT 

According to a semiconductor device of the present inven 
tion, a differential potential between a sense amplification 
level and a precharge level of a sense amplifier is set to a 
power supply potential (VCC-GND) so as to improve resis 
tance against degradation of hold characteristics. Further, low 
power consumption can be realized along with the improve 
ment. Additionally, the precharge level is set to a power 
supply of GND or VCC so as to realize a stable supply of the 
precharge level. Further, a chip size can be reduced since a 
power Supply circuit for precharge is not needed. 
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SEMCONDUCTOR DEVICE AND DRAM 
CONTROLLER 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device, and more specifically, to a sense operation of a 
DRAM. 
0003 2. Description of Related Art 
0004. In recent years, in a semiconductor device used in a 
communication device or a high-end computer, low power 
consumption or high-speed access has been required. 
0005 Along with the low power consumption or the high 
speed operation, highly enhanced performance has been 
required in the DRAM. More specifically, a power supply 
voltage input to the DRAM has been reducing. 
0006 FIG. 7 shows waveforms showing an operation of a 
typical DRAM. Although the detailed description is omitted, 
sensing is performed by raising a sense amplifier activating 
signal SAE with a word line W being raised. A bit line pair D 
and DB, which has been precharged to an intermediate poten 
tial /2 VCC between a power supply voltage VCC and a 
ground Voltage GND before starting the sensing, is set to a 
true complement differential potential (AV in FIG. 7) in 
accordance with the cell state. Then the bit line pair D and DB 
is amplified to the power Supply Voltage and the ground 
voltage, respectively. FIG. 7 shows a sensing in which infor 
mation of a cell (also referred to as cell H) storing “1” is 
amplified to the bit line D side. 
0007. The reduced voltage described above means that the 
differential potential between VCC and GND in FIG. 7 
decreases. In other words, the amplitude of the bit line pair D 
and DB decreases. Therefore, a charge amount determining 
the cell state described above also decreases as the amplitude 
potential decreases. 
0008. It is also expected in the DRAM to not only reduce 
Voltage but also reduce power consumption. In order to attain 
these objects, it is desired to extend a cycle of refreshing 
storage elements, which is one factor of determining the 
power consumed by the DRAM. To be more specific, it is 
desired to improve the degradation of hold characteristics 
along with the miniaturization of the DRAM device. 
0009 Generally, in a cell employing an Nch transistor, the 
hold characteristics of the DRAM cell is determined by the 
fact that the charge of the cell storing “1” is drawn out, which 
means that the differential potential AV shown in FIG. 7 is 
made Smaller. Finally, when the sense amplifier cannot deter 
mine that the potential difference described above is higher 
with respect to /2 VCC, then the false sense is generated and 
the cell is determined as hold failure. 
0010. The above description assumes that the DRAM cell 

is formed by the Nch transistor and a capacitor; however the 
DRAM cell may be formed by a Peh transistor and a capaci 
tOr. 

0011 Further, the high-speed operation of the DRAM 
device has been expected within a limit of low voltage and 
low power consumption. 
0012. A technique of increasing the speed of the DRAM 
device with low voltage is disclosed in the following patent 
document, for example. 
0013 Japanese Unexamined Patent Application Publica 
tion No. 2004-220753 (Ueda) discloses a technique of apply 
ing the potential below the ground to a low potential side of 
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the power Supply Voltage of the sense amplifier for only a 
brief period of time for the purpose of increasing the sensing 
speed of the sense amplifier. 
0014. However, in the related art, improvement of the hold 
characteristics of the DRAM cell has not been considered. 
Therefore, decrease of the power consumption has not been 
considered. 

0015 Therefore, in Ueda, the precharge voltage of the 
sense amplifier is set to /2 VCC, which is half the power 
Supply Voltage VCC. In this case, when the charge amount 
held in the cell decreases as the voltage decreases, the hold 
time of the cell is extremely reduced. 
0016. As a result, refresh interval performed on the 
DRAM cell needs to be made shorter in order to ensure the 
hold characteristics of the DRAM cell, which increases the 
power consumption. 

SUMMARY 

0017. A semiconductor device according to one aspect of 
the present invention includes a DRAM cell, a sense amplifier 
amplifying information stored in the DRAM cell, a power 
Supply circuit to which a power Supply Voltage and a ground 
Voltage are input, and a sense amplifier control circuit con 
trolling a power Supply pair input to the sense amplifier, in 
which the sense amplifier precharges a potential of a bit line 
pair to a power Supply potential or a ground potential before 
amplifying the information stored in the DRAM cell, the 
DRAM cell being connected to either one or the bit line pair, 
and the sense amplifier control circuit controls the power 
Supply pair input to the sense amplifier so that a potential 
difference of the bit line pair becomes larger than a differen 
tial potential between the power Supply Voltage and the 
ground Voltage when the sense amplifier performs an ampli 
fication operation. 
0018. As described above, according to the present inven 
tion, the operation speed of the sense amplifier can be 
increased and the operation of the sense amplifier can be 
made stable with low Voltage while addressing the degrada 
tion of the hold characteristics of the memory cell. Accord 
ingly, the power consumption can be reduced since the good 
hold characteristics can be attained. 

0019. Further, there is no need to provide the power supply 
circuit generating the precharge level of the sense amplifier, 
whereby the chip size can be reduced. Additionally, since the 
amplitude voltage of the bit line pair and the sense amplifier 
power Supply pair are increased by applying the existing 
positive high Voltage and negative Voltage, it is possible to 
increase the speed of the sensing operation while minimizing 
chip penalty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The above and other objects, advantages and fea 
tures of the present invention will be more apparent from the 
following description of certain preferred embodiments taken 
in conjunction with the accompanying drawings, in which: 
0021 FIG. 1 is a diagram showing a whole semiconductor 
device according to a first embodiment of the present inven 
tion; 
0022 FIG. 2 is a diagram showing a part of the semicon 
ductor device according to the first embodiment of the present 
invention; 
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0023 FIG. 3 is a diagram showing a part of the semicon 
ductor device according to the first embodiment of the present 
invention; 
0024 FIG. 4 is a diagram showing an operation of the 
semiconductor device according to the first embodiment of 
the present invention; 
0025 FIG. 5 is a diagram showing a part of a semiconduc 
tor device according to a second embodiment of the present 
invention; 
0026 FIG. 6 is a diagram showing an operation of the 
semiconductor device according to the second embodiment 
of the present invention; and 
0027 FIG. 7 is a diagram for explaining a problem with a 
related semiconductor device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0028. The invention will now be described herein with 
reference to illustrative embodiments. Those skilled in the art 
will recognize that many alternative embodiments can be 
accomplished using the teachings of the present invention and 
that the invention is not limited to the embodiments illustrated 
for explanatory purposes. 
0029. The embodiments of the present invention will be 
described in detail with reference to the drawings in order to 
best describe the above and other objects, characteristics, and 
effects. 

First Embodiment 

0030 FIG. 1 is a diagram showing a whole semiconductor 
device according to the first embodiment of the present inven 
tion. 
0031 A DRAM 10 in FIG. 1 includes a power supply 
circuit 3 to which a power supply voltage VCC and a ground 
voltage GND are input. The power supply circuit 3 generates 
voltage VPP which is higher than the power supply voltage, or 
VSA, VPP VKK which are lower than the ground voltage. 
Although the example is shown in which Voltages such as 
VPP mentioned above are generated inside the DRAM, those 
Voltages can be directly input from an external part of the 
DRAM. 
0032. VPP and VKK of those voltages are input to a row 
decoder 5 and are supplied to a gate of a DRAM cell of a 
memory array 6 through a word line W. VBB is supplied to the 
memory array 6 as a back gate voltage of the DRAM cell. 
0033 VSA is input to a sense amplifier control circuit 9, a 
column switch 8, and an I/O buffer 4 so as to control selection/ 
non-selection of a column system of bit lines D and DB.VPC 
is input to a sense circuit so as to precharge the power Supply 
and the bit line of the sense circuit to VPC. 
0034. The row decoder 5, the memory array 6, and the 
sense circuit 7 shown in FIG. 1 will be specifically described 
with reference to FIG. 2 for the purpose of describing the 
present embodiment in more detail. FIG. 3 shows a circuit 
controlling the power supply of the sense amplifier 70 of the 
sense circuit of FIG. 2. 
0035 First, the configuration of FIG.2 will be described in 
detail. The row decoder 5 includes a word driver 51 and 
outputs a selected voltage VPP or a non-selected voltage 
VKK to the word line W. 
0036. The memory array 6 includes a memory cell 61 
formed by one transistor and one capacitor. The transistor has 
a gate connected to the word line described above, one of a 
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source and a drain connected to the bit line, and the other of 
the source and the drain connected to the capacitor. Then 
(D+DB)/2, which is half the potential amplified by the bit line 
pair D and DB, is applied to a side of the capacitor not 
connected to the transistor (hereinafter referred to as cell 
counter electrode). The back gate of the transistor is con 
nected to VBB. The potential of the cell counter electrode 
may be the ground Voltage or the power Supply Voltage. The 
back gate may be the ground Voltage. 
0037. The sense amplifier 70 of the sense circuit 7 is the 
typical latch-type sense amplifier and amplifies the potential 
of the bit line pair D and DB. The bit line pair D and DB and 
a sense amplifier power supply pair VSAP and VSAN are set 
to the precharge potential VPC (also referred to as equalizing) 
around the amplification operation. An equalizer for bit line 
72 and an equalizer for sense amplifier power supply 71 
formed by Nch transistors are provided in the bit line pair and 
the sense amplifier power Supply line pair, respectively. 
0038. Further, the sense amplifier control circuit 9 gener 
ating the sense amplifier power supply pair VSAP and VSAN 
described above will be described with reference to FIG. 3. A 
sense amplifier activating signal SAE and a negative Voltage 
VSA are input to the sense amplifier control circuit 9. The 
sense amplifier control circuit 9 includes a negative Voltage 
level shifter 11 only in the VSAN output side. This is because 
the level of the SAE signal having the amplitude between 
VCC and GND is shifted to the amplitude between VCC and 
the negative Voltage. In the above description, it is assumed 
that VSA is the negative Voltage, and the description has been 
made on a case in which the negative Voltage level shifter is 
provided in the VSAN side. However, as will be described 
later in detail, a positive voltage level shifter needs to be 
provided in the VSAP side when VSA is in the positive 
voltage higher than VCC. 
0039. The configuration of the present embodiment has 
been described above with reference to FIGS. 1, 2, and 3. In 
FIG. 4, the operation of the present embodiment will be 
described with representative contact point potential of FIGS. 
1, 2, and 3 described above. 
0040. In FIG.4, alongitudinal axis indicates potential and 
a horizontal axis indicates time. With t0 to ta set to a specific 
time in the time axis, each event generated in the DRAM for 
each time will be described 

0041 At the time t0 to t1, the word line W is in an inactive 
state and is set to the non-selected Voltage VKK (negative 
Voltage). The Voltage VKK is set to the negative Voltage in 
order to address subthreshold leak of the Nch transistor form 
ing the DRAM cell. 
0042. At this time, the sense amplifier power supply pair 
VSAP and VSAN and the bit line pair D and DB are set to the 
precharge level VPC (=GND level). By setting the precharge 
level to the GND level instead of conventional VCC/2, the 
resistance against degradation of the hold characteristics of 
the cell His improved. The cell His recognized even if the cell 
H is subjected to the hold degrading by lowering the level 
(precharge level) while the condition to produce the cell His 
not changed at all. At the same time, the circuit generating 
VCC/2 which has been required in the related art is not 
needed. In addition, since the existing power Supply line 
which is relatively in the stable state is used, the precharge 
level can be made stable. 

0043. At the time t1 to t2, the word line W is activated. The 
word line W is boosted to the voltage higher than the power 
supply voltage in order to absorb the threshold value voltage 

10



US 2009/0080234 A1 

of the Nch transistor forming the DRAM cell. Then the poten 
tial difference is generated in the bit line based on the infor 
mation stored in the DRAM cell. In this description, a case in 
which a reading target cell connected to the bit line D is “1” 
(=cell H) is described. By changing the precharge level from 
1/2 VCC to the GND level, the differential potential theoreti 
cally increases. The differential potential is changed from AV 
(shown in FIG. 7) to AV' (>AV) (shown in FIG. 4) when the 
precharge level is 1/2 VCC. 
0044. At the time t2 to t3, the sense amplifier activating 
signal SAE is activated (voltage is raised from the GND level 
to the VCC level). In order to prevent the drawing from being 
complicated by overlapping the waveforms, steps before and 
after a step of transiting the sense amplifier activating signal 
have been omitted. Then the potential difference of the bit line 
described above is amplified. The bit line D is amplified to 
VSAP or VCC level and DB is amplified to the negative 
voltage VSAN or VSA level. 
0045 Finally, upon completion of the sense operation, the 
word line W is fallen. Then at the timeta, the precharge signal 
PDL is activated so as to produce the state of the time to before 
the operation start. 
0046 Although the description has been made on a case in 
which the non-selected levelVKKof the word line W is lower 
than the final level of the bit line DB or VSA level, the relative 
relation may be the same or reversed. This is because each 
potential is determined by different factors. More specifically, 
the VKK level is determined by the subthreshold character 
istics of the DRAM cell transistor, whereas the VSA level is 
determined by circuit factors such as operation sensitivity of 
the sense amplifier or the ability of the step-down circuit, or 
withstand voltage of the transistor receiving VSA. 
0047. Further, the VSA level itself (negative voltage in this 
embodiment) can be made rather flexible. This is because the 
sense amplifier is formed by flip flop. In other words, a D side 
of the bit line pair is amulified to VCC in this embodiment. 
Therefore, since the D side is significantly amplified, the flip 
flop circuit can determine the contact point potential without 
depending on the other DB side. 

Second Embodiment 

0048. Now, an example of forming the DRAM cell tran 
sistor by the Peh transistor will be described. The whole 
image is the same as that in FIG.1. As is the same as in FIG. 
2, FIG. 5 shows a circuit diagram showing a part of the 
DRAM cell. FIG. 6 shows operational waveforms thereof. 
The parts different from those in the first embodiment will 
now be described with reference to FIGS. 5 and 6. 
0049. The configuration of the DRAM cell transistor in the 
second embodiment is almost the same as that in the first 
embodiment shown in FIG. 2. However, in the second 
embodiment, the memory cell 61 in FIG. 5 is the Peh transis 
tor. The positive high voltage VPP is applied to the back gate 
Voltage. 
0050. The precharge level which is the GND level in the 

first embodiment is set to the VCC level. Therefore, the equal 
izer for sense amplifier power supply 71 and the equalizer for 
bit line 72 are desirably formed by the Pch transistors. 
0051. The circuit operation of the present embodiment 
will be described with reference to FIG. 6. In the first embodi 
ment, the similar description has been made with reference to 
FIG. 4. FIG. 6 shows waveforms of a case in which the cell 
(cell L) storing “O'” is connected to the bit line D. 
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0.052 The cell L is described because the sub potential of 
the transistor is reversed and the hold characteristics is deter 
mined by the cell L when the DRAM cell is formed by the Pch 
transistor This phenomenon will be described later in detail. 
0053. In FIG. 6, at the time t0 to t1, the word line W is in 
the inactive state and is set to the non-selected voltage VPP 
(positive voltage). The VPP addresses the subthreshold leak 
of the Peh transistor forming the DRAM cell. 
0054. At this time, the sense amplifier power supply pair 
VSAP and VSAN and the bit line pair D and DB are set to the 
precharge level VPC (=VCC level). By setting the precharge 
level to the VCC level instead of conventional VCC/2, the 
resistance of the hold characteristics or the cell L is improved. 
0055. At the time t1 to t2, the word line W is activated. 
Then the potential difference is generated in the bit line based 
on the information stored in the DRAM cell. In this descrip 
tion, a case in which the reading target cell connected to the 
bit line D is “0” (=cell L) is described. 
0056. At the time t2 to t3, the sense amplifier activating 
signal is activated (voltage is raised from the GND level to the 
VCC level). Then the potential difference of the bit line 
described above is amplified. The bit line D is amplified to 
VSAN or GND level and the bit line DB is amplified to the 
positive voltage VSAP or VPP level 
0057 Finally, upon completion of the sense operation, the 
word line W is raised. Then at the timeta, the precharge signal 
PDL is activated so as to produce the state of the time to before 
the operation start. 
0.058 As is the same as in the first embodiment, the dif 
ferential potential between the amplitude level of the bit line 
potential of a side determining the hold characteristics of the 
cell and the precharge level is secured by the value of the 
power supply potential VCC. 
0059 Now, the degradation model of the hold character 
istics when the Nch transistor or the Pch transistor is used will 
be described in brief. 
0060. When the Nch transistor is used, the charge is drawn 
out from an N-type diffusion layer of a charge holding node to 
a P sub by junction leak. Therefore, the cell H determines the 
hold characteristics. On the other hand, when the Poh transis 
tor is employed, the cell L determines the hold characteristics 
since the charge is injected from an N sub to a P-type diffusion 
layer. 
0061. Now, an advantage obtained by employing the Peh 
transistor for the cell is described. First, the Pch transistor has 
a high resistance against Soft error 
0062 Generally, the radiation generates electrons and 
holes, which are made incident on a diffusion layer which is 
a storage node. As a result, the data in the storage node may be 
inverted. This is known as soft error. The Nch transistor is 
influenced by the electrons, and the Pch transistor is influ 
enced by the holes. 
0063. If it is assumed that the Nc and Pch transistors have 
the same conditions (transistor size or the like), then the 
difference of the mobility of the carrier subjected to the influ 
ence seems to determine the impact of the influence. In Sum 
mary, the electrons having a large mobility with respect to the 
holes have more adverse effect. Accordingly, the Nch transis 
tor influenced by the electrons is more likely to generate the 
soft error. 
0064. Note that the present invention is not limited to the 
above embodiments but can be changed as appropriate within 
a spirit of the present invention. For example, in the above 
embodiments, the example of the cell transistor of either Nch 
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or Poh has been described. However, the Nch cell transistor 
and the Pch cell transistor may be mixedly arranged. 
0065 For example, in a case of the Nch transistor cell, the 
precharge level may employ the power Supply from the exter 
nal part if possible. Note that, in this case, it is necessary that 
the power Supply is more stable and lower than the ground 
potential. 
0066 Although the control signal and various voltages 
according to modes are generated in the DRAM in each 
embodiment of the present invention, they may be generated 
by a memory controller in the external part of the memory, for 
example. 
0067. It is apparent that the present invention is not limited 
to the above embodiments, but may be modified and changed 
without departing from the Scope and spirit of the invention. 

1. A semiconductor device, comprising: 
a DRAM cell; 
a sense amplifier to which a power Supply pair is input, the 
power Supply pair including a first power Supply and a 
second power Supply: 

a power Supply circuit to which a power Supply Voltage and 
a ground Voltage are input; and 

a sense amplifier control circuit determining a potential of 
the power Supply pair, wherein 

the sense amplifier precharges a potential of a bit line pair 
to a power Supply potential or a ground potential before 
amplifying information stored in the DRAM cell, the 
DRAM cell being connected to either one of the bit line 
pair, and 

the sense amplifier control circuit controls the power Sup 
ply pair so that a potential difference of the bit line pair 
becomes larger than a differential potential between the 
power Supply Voltage and the ground Voltage when the 
sense amplifier performs an amplification operation. 

2. The semiconductor device according to claim 1, wherein 
the DRAM cell comprises: 

an Nich transistor, and 
a capacitor connected to the Nch transistor. 
3. The semiconductor device according to claim 1, wherein 

the DRAM cell comprises: 
a Poh transistor, and 
a capacitor connected to the Peh transistor. 
4. The semiconductor device according to claim 2, wherein 
when the selected DRAM cell stores charge in the capaci 

tor to store “1” state, 
the sense amplifier amplifies a potential of one bit line of 

the bit line pair connected to the DRAM cell to the power 
Supply Voltage and amplifies a potential of the other bit 
line to a first voltage which is lower than the ground 
Voltage. 

5. The semiconductor device according to claim3, wherein 
when the selected DRAM cell stores charge in the capaci 

tor to store “1” state, 
the sense amplifier amplifies a potential of one bit line of 

the bit line pair connected to the DRAM cell to the 
ground Voltage and amplifies a potential of the other bit 
line to a second Voltage which is higher than the power 
Supply Voltage. 

6. The semiconductor device according to claim 2, further 
comprising an equalizer equalizing the potential of the power 
Supply pair and/or the potential of the bit line pair, the equal 
izer being formed by an Nch transistor. 

7. The semiconductor device according to claim3, further 
comprising an equalizer equalizing the potential of the power 
Supply pair and/or the potential of the bit line pair, the equal 
izer being formed by a Peh transistor. 
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8. The semiconductor device according to claim 2, wherein 
the sense amplifier control circuit further comprises a nega 

tive voltage level shifter, and 
the negative Voltage level shifter converts an amplitude 

between the power Supply Voltage and the ground Volt 
age of a signal input to the sense amplifier control circuit 
into an amplitude between the power Supply Voltage and 
a negative Voltage lower than the ground Voltage. 

9. The semiconductor device according to claim3, wherein 
the sense amplifier control circuit further comprises a posi 

tive voltage level shifter, and 
the positive voltage level shifter converts an amplitude 

between the power Supply Voltage and the ground Volt 
age of a signal input to the sense amplifier control circuit 
into an amplitude between a positive Voltage higher than 
the power Supply Voltage and the ground Voltage. 

10. The semiconductor device according to claim 2, 
wherein a back gate voltage of the DRAM cell is lower than 
the ground Voltage. 

11. The semiconductor device according to claim 3, 
wherein a backgate voltage of the DRAM cell is higher than 
the power Supply Voltage. 

12. The semiconductor device according to claim 1, 
wherein the power Supply circuit further comprises a step-up 
circuit and/or a step-down circuit. 

13. The semiconductor device according to claim 2, 
wherein an intermediate potential between two potentials 
obtained by amplifying the bit line pair by the sense amplifier 
is input to one contact of the capacitor. 

14. The semiconductor device according to claim 3, 
wherein an intermediate potential between two potentials 
obtained by amplifying the bit line pair by the sense amplifier 
is input to one contact of the capacitor. 

15. The semiconductor device according to claim 1, further 
comprising a control circuit, the control circuit generating a 
sense amplifier activating signal controlling an amplification 
operation of the sense amplifier. 

16. A semiconductor device, comprising: 
a DRAM cell; 
a sense circuit to which a power Supply pair is input, the 

power Supply pair including a first power Supply and a 
second power Supply: 

a power Supply circuit to which a power Supply Voltage and 
a ground Voltage are input; and 

a sense amplifier control circuit determining a potential of 
the power Supply pair, wherein 

the sense circuit precharges a potential of a bit line pair to 
a power Supply potential or a ground potential before 
amplifying information stored in the DRAM cell, the 
DRAM cell being connected to either one of the bit line 
pair, and 

the sense amplifier control circuit sets a potential of the first 
power Supply to be higher than the power Supply Voltage 
or sets a potential of the second power Supply to be lower 
than the ground Voltage when the sense circuit performs 
an amplification operation. 

17. A DRAM controller, comprising: 
setting a potential of a bit line pair to a potential same to one 

of a power Supply potential and a ground potential, the 
DRAM cell being connected to one of the bit line pair; 

Supplying selected Voltage to a word line connected to the 
DRAM cell; and 

amplifying a potential difference generated in the bit line 
pair to be larger than a differential potential between the 
power Supply Voltage and the ground Voltage. 

c c c c c 

12




