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(57) ABSTRACT 

A sense ampli?er including a pair of NMOS transistors 
connected in series betWeen a pair of bit lines differential 
ampli?es the potential difference betWeen the pair of bit 
lines by reducing the source potentials of the NMOS tran 
sistors to ground potential. An NMOS transistor is activated 
for a predetermined time after initiation of a differential 
ampli?cation by the sense ampli?er, Whereby the source 
potentials of the NMOS transistors are controlled so as to 
attain a potential loWer than the ground potential during that 
predetermined time. As a result, the operation margin of the 
NMOS transistors is increased during the predetermined 
time period. 
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SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device, and more particularly, to a portion thereof 
concerning differential amplify operation. 

[0003] 2. Description of the Background Art 

[0004] A semiconductor memory device, particularly a 
dynamic random access memory (referred to as DRAM 
hereinafter), is provided With a circuit for differential 
amplifying the potential difference betWeen a pair of bit lines 
generated by charge read out from a memory cell to the bit 
line pair. 

[0005] FIG. 15 is a circuit diagram shoWing a structure of 
a conventional semiconductor memory device, a DRAM in 
particular. This semiconductor memory device is formed on 
a semiconductor substrate 100. A memory cell 1 is con 
nected to one of a pair of bit lines BL and [BL, for eXample 
to bit line BL. Memory cell 1 includes a capacitor 1C for 
storing data and an N channel MOS transistor (NMOS 
transistor) 1T. NMOS transistor 1T is connected betWeen 
capacitor 1C and bit line BL. The gate thereof is connected 
to a Word line WL. 

[0006] BetWeen bit line pair BL and [BL, a ?rst sense 
ampli?er SA1 Which is the ?rst differential amplify means, 
a second sense ampli?er SA2 Which is the second differen 
tial amplify means, and an equalizer EQ Which is the 
precharge means are connected. 

[0007] First sense ampli?er SA1 includes NMOS transis 
tors 4, 5, and 12. NMOS transistors 4 and 5 are connected 
in series betWeen bit line pair BL, /BL. NMOS transistors 4 
and 5 have their sources connected to each other, and their 
drains connected to bit line BL and bit line [BL, respectively. 
NMOS transistor 4 has its gate connected to bit line [BL, and 
NMOS transistor has its gate connected to bit line BL. This 
connection implements cross coupled NMOS transistors 4 
and 5. 

[0008] NMOS transistor 12 is connected betWeen an out 
going line node Z Which is the node betWeen NMOS 
transistors 4 and 5 and a ground node 11 receiving ground 
potential GND. The gate of NMOS transistor 12 is applied 
With a sense operation activating signal SON. 

[0009] Second sense ampli?er SA2 includes P channel 
MOS transistors (referred to as PMOS transistor hereinafter) 
6, 7 and 14. PMOS transistors 6 and 7 are connected in series 
betWeen bit line pair BL and [BL. PMOS transistors 6 and 
7 have their sources connected to each other, and their drains 
connected to bit line BL and bit line [BL, respectively. 
PMOS transistors 6 and 7 have their gates connected to bit 
lines [BL and BL, respectively. Such a connection imple 
ments cross coupled PMOS transistor 6 and 7. 

[0010] A PMOS transistor 14 is connected betWeen a 
supply line node Y Which is the node betWeen PMOS 
transistors 6 and 7 and a poWer supply node 13 receiving 
poWer supply potential VCC. The gate of PMOS transistor 
14 is applied With a sense operation activating signal SOP. 

[0011] Equalizer EQ includes NMOS transistors 8, 9 and 
10. NMOS transistor 8 is connected betWeen the pair of bit 
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lines BL and [BL. NMOS transistor 9 is connected betWeen 
bit line BL and a potential node vpr receiving a potential of 
1/2 the poWer supply potential VCC. NMOS transistor 10 is 
connected betWeen bit line [BL and potential node Vpr. Each 
gate of NMOS transistors 8, 9 and 10 is applied With a 
precharge activating signal BLEQ. 

[0012] An NMOS transistor 15 is connected betWeen 
outgoing line node Z and potential node Vpr. An NMOS 
transistor 16 is connected betWeen supply line node Y and 
potential node Vpr. Each gate of NMOS transistors 15 and 
16 is applied With a precharge activating signal BLEQ. 

[0013] On bit line pair BL and /BL, NMOS transistors 2 
and 3 for connecting ?rst and second sense ampli?ers SA1 
and SA2 and equaliZer EQ With memory cell 1 are provided 
betWeen memory cell 1, and ?rst and second sense ampli 
?ers SA1, SA2 and equaliZer Q. NMOS transistor 2 is 
provided at bit line BL and NMOS transistor 3 is provided 
at bit line [BL. NMOS transistors 2 and 3 are activated by 
activating signal BLI. 

[0014] The operation of a semiconductor memory device 
of the above-described structure is described hereinafter. In 
a standby state (precharge state) of this device, bit line pair 
BL, [BL, outgoing line node Z, and supply line node Y are 
precharged to a potential of 1/2 VCC (referred to as precharge 
potential hereinafter). 
[0015] Precharge is effected by precharge activating signal 
BLEQ attaining a high level to activate NMOS transistors 8, 
9, 10, 15 and 16. More speci?cally, precharge is carried out 
by respective short-circuits betWeen bit line pair BL, [BL 
and potential node Vpr, betWeen outgoing line node Z and 
potential node Vpr, and betWeen supply line node Y and 
potential node Vpr. 

[0016] A data read out operation from memory cell 1 is 
described hereinafter. In a read out operation, data is trans 
mitted from memory cell 1 to bit line BL, folloWed by an 
amplify operation by ?rst and second sense ampli?ers. 

[0017] FIG. 16 is a signal Waveform diagram of each 
component in circuitry at the time of a read out operation. 
Read out operation Will be described With reference to FIG. 
12. 

[0018] When stabiliZation of the above-described pre 
charge state is achieved, precharge activating signal BLEQ 
is pulled doWn to a loW level, Whereby NMOS transistors 8, 
9, 10 and 11 are inactivated. As a result, the pair of bit lines 
BL, [BL attain a ?oating status at precharge potential. 

[0019] When Word line WL is activated to have potential 
VBL raised, charge representing data stored in memory cell 
1 is transmitted on bit line BL. This is the transmission 
operation of data If memory cell 1 stores data “1”, for 
eXample, potential VBL of bit line BL becomes slightly 
higher than the precharge potential. Bit line [BL remains at 
the precharge potential. Therefore, there is a slight potential 
difference betWeen bit lines BL and /BL. 

[0020] When such a potential difference is generated, this 
potential difference is ampli?ed by the amplify operation of 
?rst and second sense ampli?ers SA1 and SA2. In the 
amplify operation, ?rst an ampli?cation by the ?rst ampli?er 
SA1 is carried out. Sense operation activating signal SON is 
activated to attain a high level, Whereby NMOS transistor 12 
is activated. This causes shorting betWeen outgoing line 
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node Z and ground node 11, whereby potential VZ of 
outgoing line node Z is decreased towards ground potential 
GND. 

[0021] As a result, NMOS transistors 4 and 5 have their 
gate-source voltages increased to be activated. When NMOS 
transistors 4 and 5 are activated, the on resistance of NMOS 
transistor 5 becomes loWer than that of NMOS transistor 4 
due to potential VBL of bit line BL being higher than 
potential V/BL of bit line /BL, Whereby potential V/BL of bit 
line /BL is reduced. 

[0022] Next, ampli?cation by second sense ampli?er SA2 
is carried out. Sense operation activation signal SOP is 
activated to attain a loW level, Whereby PMOS transistor 14 
is activated. This causes shorting betWeen supply line node 
Y and poWer supply node 13, Whereby potential VY of 
supply line node Y is increased toWards poWer supply 
potential Vcc. 

[0023] As a result, PMOS transistors 6 and 7 have their 
gate-source voltages increased to be activated. When PMOS 
transistors 6 and 7 are activated, the on resistance of PMOS 
transistor 6 becomes smaller than that of PMOS transistor 7 
due to potential V/BL of bit line /BL being loWer than 
potential VBL of bit lines BL. Therefore potential VBL of bit 
line BL increases. 

[0024] Then, potential V/BL of bit line /BL is reduced to 
the level of ground potential GND, and potential VBL of bit 
line BL is increased to the level of poWer supply potential 
VCC. By the above-described amplify operation, a slight 
potential difference betWeen bit lines BL and /BL is ampli 
?ed to a greater level. 

[0025] At the start of an amplify operation, the source 
potentials of NMOS transistors 4 and 6 attain a precharge 
potential, as described above. The substrate potential is 
generally ground potential GND or loWer thereof, ie a 
potential loWer than the source potential. Therefore, NMOS 
transistors 4 and 6 are subjected to a body effect at the start 
of an amplify operation, Whereby each threshold voltage 
becomes higher than the case Where the threshold value of 
a transistor has equal substrate potential and source poten 
tial. 

[0026] The reason thereof is set forth in the folloWing. 
FIG. 17 is a graph shoWing the relationship betWeen a 
substrate potential and a threshold voltage by a solid line. 
The threshold voltage is plotted along the ordinate, and the 
substrate potential is plotted along the abscissa (the Potential 
decreases in the right direction). 

[0027] It is apparent from FIG. 17 that the threshold 
voltage increases according to a reduction of the substrate 
potential With respect to the source potential. For example, 
the threshold voltage at a substrate potential of VN Which is 
a potential Where the source potential equals the substrate 
potential is loWer than the threshold voltage at a substrate 
potential of VE Which is a potential Where the substrate 
potential is loWer than the source potential, as indicated by 
the broken line in the graph. 

[0028] Although the graph of FIG. 17 relates to an NMOS 
transistor, the same holds for a PMOS transistor provided 
that the polarity of the potential betWeen the source potential 
and the substrate potential differs. 
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[0029] When the absolute value of a threshold voltage of 
a MOS transistor increases due to a body effect, a problem 
occurs as set forth in the folloWing. 

[0030] In response to the demand of reducing the siZe of 
a semiconductor memory device, a trend is toWards loWer 
ing the poWer supply potential of the device. In response to 
such a reduction in poWer supply potential, the precharge 
potential Which is 1/2 the poWer supply potential is also 
reduced. When the absolute value of a threshold voltage in 
a MOS transistor of a sense ampli?er is increased due to a 
body effect in the case Where precharge potential is reduced, 
the difference betWeen the precharge potential and the 
threshold voltage becomes smaller. This reduction in the 
difference betWeen a precharge potential and a threshold 
voltage results in problems such as reduction in the sense 
operation speed of a sense ampli?er or the sense ampli?er 
not operating. 

[0031] Because a MOS transistor is also used in an equal 
iZer as Well as in a sense ampli?er in a semiconductor 

memory device reduction in the poWer supply potential Will 
lead to the possibility of malfunction in the equaliZer by 
reasons identical to those of a sense ampli?er. A predeter 
mined precharge potential level cannot be achieved if mal 
function occurs in an equalizer, and margin of the sense 
operation of a sense ampli?er is reduced. This margin 
reduction results in a problem that the speed of sense 
operation is reduced or that the sense ampli?er is not 
operated. 
[0032] In addition to the above-described problems caused 
by a body effect, reduction of a poWer supply potential 
causes problems as set forth in the folloWing. 

[0033] FIGS. 18(A) and 18(B) are graphs shoWing the 
relationship betWeen a gate-source voltage of a general 
MOS transistor and current ?oWing therein. Logarithm of 
current is plotted along the ordinate, and the gate-source 
voltage is plotted along the abscissa. In the graphs, the 
gate-source voltage applying a current of a predetermined 
value (in this embodiment, 10'6 A) to the MOS transistor 
represents threshold voltage. 

[0034] The relationship betWeen a gate-source voltage and 
a current in a MOS transistor generally has the characteris 
tics shoWn in FIG. 18(A). More speci?cally, in a region of 
the gate-source voltage that is beloW the threshold voltage 
(referred to as sub-threshold region hereinafter), the current 
increases according to increase in the gate-source voltage. If 
the gate-source voltage exceeds the threshold voltage, the 
current is saturated at a predetermined value. If the afore 
mentioned body effect Works greatly, current Will not easily 
How in the MOS transistor, Whereby the characteristics vary 
in the direction indicated by the arroW. As a result, the 
gate-source voltage increases at a current value correspond 
ing to the threshold voltage to cause increase in the threshold 
voltage. 
[0035] In a MOS transistor having the characteristics 
shoWn in FIG. 18(A), the gradient of the characteristic curve 
in the sub-threshold region become more gentle When volt 
age is applied to the drain as shoWn in FIG. 18(B) in 
proportion to reduction in the threshold voltage. This reduc 
tion in the inclination of the characteristic curve results in a 
greater current value When the gate-source voltage is 0V. 
Increase in a current value means that the leak current in a 
MOS transistor is increased. 


























