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(57) ABSTRACT 
The objective of this invention is to reduce the layout area 
While guaranteeing data retention stability in a static type 
semiconductor memory cell. This SRAM cell is constituted 
With tWo MOS transistors 10 and 12 and one inverter circuit 
14. The source terminal of PMOS transistor 10 is connected 
to bit line (BL), the drain terminal is connected to data 
storage node (Na), and the gate terminal is connected to 
Word line The source terminal of NMOS transistor 12 
is connected to a supply voltage terminal that provides 
loW-level reference potential VSS (for example, Zero volts), 
the drain terminal is connected to data storage node (Na), 
and the gate terminal is connected to the output terminal 0 
inverter circuit 14. The input terminal of inverter circuit 14 
is connected to data storage node (Na). 
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SEMICONDUCTOR MEMORY CELL AND 
SEMICONDUCTOR MEMORY DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention pertains to a semiconductor 
memory, and in particular to a SRAM (static random access 
memory). 

BACKGROUND OF THE INVENTION 

[0002] As shoWn in FIG. 30, a general memory cell in an 
existing SRAM is constituted With siX MOS (metal oXide 
semiconductor) transistors 300-310. In this memory cell, 
PMOS (p-channel MOS) transistor 300 and NMOS (n-chan 
nel MOS) 302, and PMOS transistor 304 and NMOS tran 
sistor 306 constitute CMOS (complementary MOS) invert 
ers 312 and 314, respectively. These CMOS inverters 312 
and 314 are cross-coupled and cross-connected to constitute 
a latch circuit or ?ip-?op. Both of the NMOS transistors 308 
and 310 constitute a transfer gate for electrically closing or 
opening (breaking) the circuit betWeen data storage nodes 
(N1) and (N2), that are furnished With a pair of comple 
mentary cross-coupled nodes in this ?ip-?op, and bit line 
pair (BL) and (BL—). 
[0003] When data are Written to this memory cell, both 
transfer gates 308 and 310 turn on due to Word line (WL) 
being activated to the high level. A pair of voltage signals 
that have complementary logic levels that are already sup 
plied onto bit line pair (BL) and (BL—) are input (Written) to 
their respective data storage nodes (N1) and (N2). 

[0004] During standby mode When data are held, both 
transfer gates 308 and 310 Will be off, and the logic level of 
data storage nodes (N1) and (N2) is held by the data latch 
function of the ?ip-?op. 

[0005] When data are read from this memory cell, after bit 
line pair (BL) and (BL—) are brought to a high-impedance 
state, both of the transfer gates 308 and 310 Will be on by 
Word line (WL) being activated to the high level. Apair of 
voltage signals that have complementary logic levels is 
output onto bit line pair (BL) and (BL—) from data storage 
nodes (N1) and (N2), the potential difference betWeen this 
bit line pair (BL) and (BL—) is detected and ampli?ed by a 
sense ampli?er (not shoWn) and 1 bit of data is read. 

[0006] With siX-transistor SRAM cells such as the one 
described above, the data hold part is constituted With a 
?ip-?op and leakage current that ?oWs to one transistor that 
is off in each CMOS inverter 312 and 314 is quickly 
absorbed or replenished by the other transistor that is on. 
Thus, the potential of data storage nodes (N1) and (N2) is 
held stably in a static state and high-speed Write/read opera 
tions are possible Without requiring a refresh operation. 
HoWever, there is the disadvantage that the circuit requires 
siX transistors, making the memory cell array large. Com 
pared to a DRAM (dynamic RAM) that is constituted With 
one transistor and one capacitor, general-purpose siX-tran 
sistor SRAM cells require an appreciably larger layout area 
(about 8 times With the same process). 

[0007] The present invention Was conceived in light of 
these problems of the prior art. Its objective is to provide a 
static type semiconductor memory cell and semiconductor 
memory device With Which a reduced layout area Will be 
realiZed While ensuring that data are held reliably. 
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[0008] Another objective of the present invention is to 
provide a static type semiconductor memory cell and semi 
conductor memory With Which a reduced layout area Will be 
realiZed While ensuring that that data are Written and read 
reliably and at high speed. 

SUMMARY OF THE INVENTION 

[0009] In order to realiZe the aforementioned objectives, 
the semiconductor memory cell of the present invention is 
constituted With a data storage node that electrically stores 
1 bit of data in the form of a voltage logic level; a ?rst 
transistor connected betWeen the bit line and the aforemen 
tioned data storage node and the control terminal of Which 
is connected to the Word line; a second transistor connected 
betWeen the aforementioned data storage node and a ?rst 
reference voltage terminal that provides a ?rst reference 
potential that has a prescribed logic level; and an inverter 
circuit, the input terminal of Which is connected to the 
aforementioned data storage node and the output terminal of 
Which is connected to the control terminal of the aforemen 
tioned second transistor, Which outputs a voltage to the 
aforementioned output terminal at a logic level opposite that 
of the voltage input to the aforementioned input terminal. 

[0010] Also, the semiconductor memory device of the 
present invention is constituted With the aforementioned 
semiconductor memory cell; a data Write means for Writing 
the desired data to the data storage node of the aforemen 
tioned semiconductor memory cell, Which drives the afore 
mentioned bit line to a potential at a logic level that 
corresponds to the value of the aforementioned data and also 
drives the aforementioned Word line to a prescribed potential 
to turn on the aforementioned ?rst transistor; and a data read 
means for reading data stored in the data storage node of the 
aforementioned semiconductor memory cell, Which drives 
the aforementioned Word line to a prescribed potential to 
turn the aforementioned ?rst transistor on after the afore 
mentioned bit line is precharged to a potential at a logic level 
opposite that of the aforementioned ?rst reference potential, 
and that thereby outputs the aforementioned stored data on 
the basis of the temporal change of the potential of the 
aforementioned bit line. 

[0011] With the semiconductor memory cell of the present 
invention, the ?rst transistor functions as a transfer gate and 
there is electrical conduction or non conduction betWeen the 
bit line and the data storage node according to the Word line 
potential. The second transistor constitutes a latch circuit 
that Works in conjunction With the inverter circuit and it Will 
be on or off directly according to the logical value of the 
output of the inverter circuit and indirectly according to the 
logic value of the potential that is Written to or held by the 
data storage node. 

[0012] In the semiconductor memory device of the present 
invention, in order to perform the data Write operation at 
high speed, the aforementioned data Write means should 
preferably be constituted to include a reference voltage 
control means that makes the potential of the aforemen 
tioned ?rst reference voltage terminal higher or loWer by a 
prescribed amount relative to the standard reference poten 
tial in order to reduce the current ?oW through the afore 
mentioned second transistor When the aforementioned date 
Write means Writes data at a logic level opposite that of the 
aforementioned ?rst reference potential to the aforemen 
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tioned data storage node. Or, the aforementioned data Write 
means should also be constituted to include an inversion 
acceleration means that speeds up the inversion of the logic 
level of the output of the aforementioned inverter circuit in 
order to decrease the sWitching time of the aforementioned 
second transistor from on to off When the aforementioned 
data Write means Writes data at a logic value opposite that of 
the aforementioned ?rst reference potential to the aforemen 
tioned data storage node. 

[0013] Also, in order to perform data read operation at 
high speed, in the semiconductor memory device of the 
present invention, the aforementioned data read means 
should preferably be constituted to include a reference 
voltage control means that raises or loWers the potential of 
the aforementioned ?rst reference voltage terminal by a 
prescribed amount in order to reduce current that How 
through the aforementioned second transistor When data 
stored in the data storage node of the aforementioned 
semiconductor memory cell are read. 

[0014] In the semiconductor memory cell of the present 
invention, When the second transistor turns on, the logic 
value of the potential of the data storage node is the same as 
the logic value of the aforementioned ?rst reference voltage 
terminal and is held in a static state. 

[0015] Also, When the second transistor turns off, the 
potential of the data storage node has a logical value that is 
the opposite that of the aforementioned ?rst reference poten 
tial and it is held in a ?oating state. In this case, leakage 
current in the second transistor, Which is off, Will operate to 
change the potential of the data storage node toWard the 
potential of the ?rst reference voltage terminal, that is, the 
logic level opposite that of the logic level currently held. 
HoWever, in the ?rst transistor, leakage current ?oWs that 
Will absorb or cancel the leakage current of the second 
transistor, so that the logic level (stored data) of the data 
storage node potential can be held reliably. 

[0016] The semiconductor memory device of the present 
invention, in order to increase the reliability at Which data 
are held during the standby period, should preferably be 
constituted With a data hold current control means that 
supplies current for holding data stored in the aforemen 
tioned data storage node via the aforementioned ?rst tran 
sistor and control the aforementioned data hold current at the 
potential of the aforementioned Word line. 

[0017] In one form of the present invention, the data hold 
current control means comprises a monitoring node; a third 
transistor connected betWeen a second supply voltage ter 
minal that provides a prescribed reference potential at a 
logic level opposite that of the aforementioned reference 
potential and the aforementioned monitoring node; a fourth 
transistor connected betWeen the aforementioned monitor 
ing node and a third supply voltage terminal that provides a 
prescribed reference potential at the same logic level as the 
aforementioned ?rst reference potential; an inverter circuit, 
the input terminal of Which is connected to the aforemen 
tioned monitoring node, the output terminal of Which is 
connected to the aforementioned fourth transistor control 
terminal, and that outputs voltage to the aforementioned 
output terminal at a logic level opposite that of the voltage 
input to the aforementioned input terminal; an initialiZation 
means that initialiZes the aforementioned monitoring node to 
a potential that has a logic level for keeping the aforemen 
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tioned fourth transistor turned on; a monitor control means 
that controls the potential of the control terminal of the 
aforementioned third transistor so that the current that ?oWs 
through the aforementioned third transistor Will gradually 
increase With time after the aforementioned initialiZation; a 
Word line potential control means that controls the potential 
of the aforementioned Word line so that the current that How 
through the aforementioned ?rst transistor Will gradually 
increase With time after the aforementioned initialiZation; 
and a reset means that stops the control operation of the 
aforementioned Word line potential control means and 
returns the potential of the aforementioned Word line to a 
prescribed reference level When the potential of the afore 
mentioned monitoring node reaches a logic level opposite 
that of the logic level at the time of the aforementioned 
initialiZation. In this constitution, a resistor should prefer 
ably be connected in series With the aforementioned fourth 
transistor betWeen the aforementioned monitoring node and 
the aforementioned third supply voltage terminal. The afore 
mentioned third and fourth transistors could also have the 
essentially same transistor structure as the aforementioned 
?rst and second transistors, respectively, and they could be 
produced With the same process on the same semiconductor 
chip. 
[0018] And in another form of the present invention, the 
aforementioned data hold current control means has a Word 
line potential sWitching means that repeatedly sWitches at a 
?Xed cycle betWeen a ?rst time When the aforementioned 
Word line is brought to an active ?rst potential and a second 
time When it is brought to an inactive second potential. 

[0019] In this case, the aforementioned data hold current 
control means should also preferably comprise a monitoring 
node; a third transistor connected betWeen the aforemen 
tioned monitoring node and a second supply voltage termi 
nal that provides a second reference potential at a logic level 
opposite that of the aforementioned ?rst reference potential; 
a fourth transistor connected betWeen the aforementioned 
monitoring node and a third supply voltage terminal that 
provides a third reference potential at the same logic level as 
the aforementioned ?rst reference potential; an inverter 
circuit, the input terminal of Which is connected to the 
aforementioned monitoring node, and the output terminal of 
Which is connected to the control terminal of the aforemen 
tioned fourth transistor, and that outputs voltage to the 
aforementioned output terminal at a logic level opposite that 
of the voltage input to the aforementioned input terminal; an 
initialiZation means that precharges the aforementioned 
monitoring node to a potential at a logic level for keeping the 
aforementioned fourth transistor turned on; and a monitor 
control means that drives the control terminal of the afore 
mentioned third transistor to a prescribed potential after the 
start of the aforementioned ?rst time to source current 
betWeen the third supply voltage terminal and the aforemen 
tioned monitoring node via the aforementioned third tran 
sistor, and that provides a signal for sWitching from the 
aforementioned ?rst time to the aforementioned second time 
to the aforementioned Word line potential sWitching means 
When the potential of the aforementioned monitoring node 
reaches a logic level opposite that of the logic level at the 
time of the aforementioned initialiZation. 

[0020] The semiconductor memory device of the present 
invention should also preferably have a refresh control 
means that, during a Write cycle Where the desired data are 
































