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(57) ABSTRACT 

A high speed sense amp supplies current to a bit line 
connected to a memory cell transistor and also detects a 
potential of the bit line. The potential of the bit line varies 
according to a conductive state of the memory cell transistor. 
The sense amp includes a load element and a ?rst transistor 
connected in series betWeen a ?rst potential and the bit line. 
A second transistor is connected betWeen the ?rst potential 
and the bit line. The bit line is input to an inverter that has 
its output terminal connected to a gate of the ?rst transistor. 
A differential amp has a ?rst input terminal connected to a 
reference potential and a second input terminal connected to 
a node betWeen the load element and the ?rst transistor. The 
output of the differential amp indicates a difference betWeen 
the reference potential and the bit line potential. 
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SENSE AMPLIFIER WITH IMPROVED 
SENSITIVITY 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to a sense 
ampli?er (amp) connected to a memory cell transistor, and 
more particularly to a sense amp that reads the information 
stored in the memory cell transistor based on the difference 
in the threshold of the memory cell transistor. 

[0002] Electrically Erasable and Programmable ROM 
(EEPROM) is available as an eXample of a single memory 
cell transistor. Each memory cell transistor has a double gate 
structure consisting of a ?oating gate and a control gate. 
When data is Written to the memory cell transistor, hot 
electrons generated in the drain region are accelerated and 
injected into the ?oating gate. A difference arises betWeen 
the operating characteristics of the memory cell transistor 
that injects electric charge into the ?oating gate and those of 
the memory cell transistor that does not inject electric charge 
into the ?oating gate. Data is read by detecting this differ 
ence. 

[0003] FIG. 1 is a schematic circuit diagram illustrating a 
conventional sense amp 100, and FIG. 2 is an operating 
Waveform diagram of the sense amp 100. The sense amp 100 
determines the threshold of a memory cell transistor 105 
based on the potential of a bit line. 

[0004] The sense amp 100 comprises a differential amp 
101, a P-channel type MOS transistor 102, an N-channel 
type MOS transistor 103, and a CMOS inverter 104. The 
transistor 102 is used as a read load and has a gate, a drain 
connected to the gate, and a source connected to a high 
potential poWer supply. The transistor 103 is connected 
betWeen the drain of the transistor 102 and a bit line 106. 
The inverter 104 has an input terminal connected to the bit 
line 106 and an output terminal connected to the gate of the 
transistor 103. The differential amp 101 has an inverted 
input connected to the drain of the transistor 102, and a 
noninverted input connected to a reference potential Vref. 
The differential amp 101 outputs an output signal C indi 
cating the determination result of the threshold of the 
memory cell transistor 105. 

[0005] The memory cell transistor 105 changes its oWn 
threshold in accordance With the amount of electric charge 
stored in the ?oating gate. Desired data is stored in the 
memory cell transistor 105 by associating the change of 
threshold With storage data. In the read operation, the 
memory cell transistor 105 is selectively connected betWeen 
the bit line 106 and the ground, and a selection signal LS is 
applied to the control gate. 

[0006] In the initial state, the memory cell transistor 105 
is nonselective (the control gate is off), and the bit line 106 
is set to the ground potential. In such a state, as shoWn in 
FIG. 2, the poWer supply is started up at time t0. Thereupon, 
the drain potential Va of the transistor 102 rises up near to 
the poWer supply potential. The transistor 103 then goes on 
in response to the initial output startup of the inverter 104, 
and the potential VBL of the bit line 106 also rises together 
With the drain potential Va. When the inverter 104 sloWly 
starts inversion as the potential VBL of the bit line 106 rises, 
the transistor 103 proceeds to the off state, and the potential 
VBL of the bit line 106 sloWly rises. When a speci?c time 
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L elapses from the poWer supply startup, the drain potential 
Va of the transistor 102 becomes stable. The potential Va 
after the transistor 102 has become stable is set to a higher 
potential than the threshold of the inverter 104 only for the 
threshold of the transistor 103. Thus the initial setup opera 
tion is completed. 

[0007] After the initial setup has been completed, the 
selection signal LS is turned on and the control gate of the 
memory cell transistor 105 is turned on. Thereupon, the 
memory cell transistor 105 goes on or off according to the 
threshold. In other Words, if the threshold of the memory cell 
transistor 105 is loWer than the value of the selection signal 
LS, the memory cell transistor 105 goes on and the potential 
VBL of the bit line 106 decreases. If the threshold of the 
memory cell transistor 105 is higher than the value of the 
selection signal LS, the memory cell transistor 105 goes off 
and the potential VBL of the bit line 106 is maintained at a 
constant level. 

[0008] When the memory cell transistor 105 goes on, the 
degree of drop in the potential VBL of the bit line 106 is 
determined based on the balance betWeen the drive capacity 
of the memory cell transistor 105 and the drive capacities of 
the transistors 102 and 103. The drain potential Va of the 
transistor 102 also decreases together With the potential VBL 
of the bit line 106. The differential amp 101 compares the 
reference potential Vref and potential Va and detects the 
variation of the potential Va. The reference potential Vref is 
set Within the variation range of the potential Va. 

[0009] In the sense amp 100, as the drive capacity of the 
transistor 102 on the poWer supply side is set loW, the 
variation of the drain potential Va increases and the sensi 
tivity of the sense amp improves. HoWever, if the drive 
capacity of the transistor 102 is set loW, the current supplied 
to the bit line 106 through the transistor 103 When the poWer 
goes on is reduced. Accordingly, the time before the drain 
potential Va becomes stable (i.e., the initial setup time) is 
prolonged. As a result, the startup of the sense amp 100 is 
delayed, thereby impeding high-speed operation. 
[0010] It is an object of the present invention to provide a 
sense amp With improved sensitivity and that is suitable for 
high-speed operation. 

SUMMARY OF THE INVENTION 

[0011] In one aspect of the invention, a sense amp is 
described for supplying a current to a bit line connected to 
a ?rst potential through a memory cell transistor and detect 
ing a potential of the bit line. The potential varies according 
to a conductive state of the memory cell transistor. The sense 
amp includes a load element and a ?rst transistor connected 
in series betWeen a second potential and the bit line. A 
second transistor is connected betWeen the second potential 
and the bit line. The second transistor has a higher threshold 
than the ?rst transistor. An inverter has an input terminal 
connected to the bit line and an output terminal connected to 
the gates of the ?rst and second transistors. A differential 
amp has a ?rst input terminal connected betWeen the load 
element and the ?rst transistor, a second input terminal 
connected to a reference potential, an output terminal that 
outputs a signal indicating the potential detection result of 
the bit line. 

[0012] In another aspect of the invention, a sense amp is 
described for supplying a current to a bit line connected to 
a ?rst potential through a memory cell transistor and detect 
ing a potential of the bit line. The potential varies according 
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to a conductive state of the memory cell transistor. The sense 
amp includes a load element and a ?rst transistor connected 
in series betWeen the second potential and the bit line. A 
second transistor is connected betWeen a second poWer 
supply and the bit line. A ?rst inverter has an input terminal 
connected to the bit line and an output terminal connected to 
the gate of the ?rst transistor A second inverter has an input 
terminal connected to the bit line and an output terminal 
connected to the gate of the second transistor. The second 
inverter has a loWer threshold than the ?rst inverter. A 
differential amp has a ?rst input terminal connected to a 
node betWeen the load element and the ?rst transistor, a 
second input terminal connected to a reference potential, and 
an output terminal that outputs a signal indicating the 
potential detection result of the bit line. 

[0013] In yet another aspect of the invention, a sense amp 
is described for supplying a current to a bit line connected 
to a ?rst potential through a memory cell transistor and 
detecting a potential of the bit line. The potential varies 
according to a conductive state of the memory cell transistor. 
The sense amp includes a load element and a ?rst transistor 
connected in series betWeen a second potential and the bit 
line. A second transistor is connected betWeen the second 
potential and the bit line. A sWitching transistor is connected 
betWeen the second potential and the second transistor. An 
inverter has an input terminal connected to the bit line and 
an output terminal connected to the gates of the ?rst and 
second transistors. A differential amp has a ?rst input 
terminal connected to a node betWeen the load element and 
the ?rst transistor, a second input terminal connected to a 
reference potential, and an output terminal that outputs a 
signal indicating the potential detection result of the bit line. 

[0014] In one aspect of the invention, a sense amp is 
described for supplying current to a bit line connected to a 
memory cell transistor and detecting a potential of the bit 
line. The potential varies according to a conductive state of 
the memory cell transistor. The sense amp includes a load 
element and a ?rst transistor. The load element and the ?rst 
transistor are connected in series betWeen a ?rst potential 
and the bit line. Asecond transistor is connected betWeen the 
?rst potential and the bit line. The second transistor turns on 
When a current is supplied to the bit line. A ?rst inverter has 
an input terminal connected to the bit line and an output 
terminal connected to a gate of the ?rst transistor. A differ 
ential amp has a ?rst input terminal connected to a reference 
potential, a second input terminal connected to a node 
betWeen the load element and the ?rst transistor, and an 
output terminal that outputs a signal indicating a difference 
betWeen the reference potential and the bit line potential. 

[0015] Other aspects and advantages of the invention Will 
become apparent from the folloWing description, taken in 
conjunction With the accompanying draWings, illustrating by 
Way of eXample of the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The invention, together With objects and advan 
tages thereof, may best be understood by reference to the 
folloWing description of the presently preferred embodi 
ments together With accompanying draWings in Which: 

[0017] FIG. 1 is a circuit diagram of a conventional sense 
amp; 

[0018] FIG. 2 is an operating Waveform diagram of the 
sense amp of FIG. 1; 
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[0019] FIG. 3 is a circuit diagram of a sense amp accord 
ing to a ?rst embodiment of the present invention; 

[0020] FIG. 4 is an operating Waveform diagram of the 
sense amp of FIG. 3; 

[0021] FIG. 5A is a schematic cross-sectional vieW of a 
transistor With a gate saving capacity structure in accordance 
With the present invention; 

[0022] FIG. 5B is a schematic cross-sectional vieW of a 
normal MOS transistor; 

[0023] FIG. 6 is a circuit diagram of a sense amp accord 
ing to a second embodiment of the present invention; 

[0024] FIG. 7 is an operating Waveform diagram of the 
sense amp of FIG. 6; 

[0025] FIG. 8 is a circuit diagram of a sense amp accord 
ing to a third embodiment of the present invention; and 

[0026] FIG. 9 is an operating Waveform diagram of the 
sense amp of FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] First Embodiment 

[0028] FIG. 3 is a circuit diagram of a sense amp 200 
according to a ?rst embodiment of the present invention, and 
FIG. 4 is an operating Waveform diagram of the sense amp 
200 of FIG. 3. In FIG. 3, the memory cell transistor 105 and 
the bit line 106 are the same as in FIG. 1. 

[0029] The sense amp 200 comprises a differential amp 
211, a P-channel type MOS transistor 212, tWo N-channel 
type MOS transistors 213 and 214, and an inverter 215. The 
transistor 212 is used as a lead load and the current is 
supplied by the transistor 212. The transistor 212 has a gate, 
a drain connected to the gate, and a source connected to a 
high potential poWer supply. 

[0030] The ?rst N-channel transistor 213 is connected 
betWeen the drain of the transistor 212 and the bit line 106. 
The second transistor 214 is connected betWeen the high 
potential poWer supply and the bit line 106 and has a higher 
threshold value than the ?rst transistor 213. The ?rst and 
second transistors 213 and 214 have loWer gate capacities 
than the transistor 212. 

[0031] The inverter 215 has an input terminal connected to 
the bit line 106 and an output terminal connected to the ?rst 
and second transistors 213 and 214. The differential amp 211 
has an inverted input terminal to Which the drain potential Va 
of the transistor 212 is applied, and a noninverted input 
terminal to Which the reference potential Vref is applied. The 
differential ampli?er 211 outputs the output signal C indi 
cating the determination result in accordance With the dif 
ference betWeen the drain potential Va and the reference 
potential Vref. The differential amp 211 may be the same as 
the differential amp 101 shoWn in FIG. 1. 

[0032] In the initial state, the memory cell transistor 105 
is nonselective (the control gate is off) and the bit line 106 
is set to the ground potential. In such a state, as shoWn in 
FIG. 4, the poWer supply is started up at time t0. 

[0033] Thereupon, the drain potential Va of the transistor 
212 rises up near to the poWer supply potential. The ?rst 
N-channel transistor 213 and the second N-channel transis 
tor 214 then sequentially go on in response to the initial 
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output startup of the inverter 215. The potential VBL of the 
bit line 106 also rises With the drain potential Va. At this 
time, current is supplied not only to the bit line 106 from the 
high potential poWer supply through the transistor 212 and 
the ?rst transistor 213, but also to the bit line 106 from the 
high potential poWer supply through the second transistor 
214. Hence, the potential VBL of the bit line 106 quickly 
rises regardless of the drive capacity of the transistor 212. 
When the inverter 215 sloWly starts inversion as the poten 
tial VBL of the bit line 106 rises, the ?rst and second 
N-channel transistors 213 and 214 proceed to the off state, 
and the potential VBL of the bit line 106 sloWly rises. When 
a speci?c time L elapses after the startup of the poWer 
supply, the drain potential Va of the transistor 212 becomes 
stable. After the potential Va has become stable, it has a 
higher potential than the threshold of the inverter 215 only 
for the threshold of the ?rst N-channel transistor 213 or the 
second N-channel transistor 214. Thus, the initial setup 
operation is completed. Because the current is also supplied 
to the bit line 106 from the second N-channel transistor 214, 
the time L required for the initial setup operation is shorter 
than the initial setup of the conventional sense amp 100. In 
other Words, the initial setup time is shortened. 

[0034] After the initial setup has been completed, the 
memory cell transistor 105 is selected by the selection signal 
LS in the same Way as the conventional eXample. FolloWing 
the selection operation, the potential VBL of the bit line 106 
(the drain potential Va of the transistor 212) is determined. 
In this decision, for example, When the selected memory cell 
transistor 105 goes on and the potential VBL of the bit line 
106 drops, the second N-channel transistor 214 does not go 
on and only the ?rst N-channel transistor 213 goes on. In 
other Words, When the ?rst N-channel transistor 213 goes on, 
the drop of the potential VBL of the bit line 106 is Weakened 
by the current that ?oWs in the ?rst N-channel transistor 213, 
and the potential VBL does not drop loWer than the speci?ed 
potential. Accordingly, the second N-channel transistor 214 
does not go on. In other Words, the second N-channel 
transistor 214 has a higher threshold than the ?rst N-channel 
transistor 213, and the threshold is set such that the second 
N-channel transistor 214 cannot go on during this decision 
operation. Thus, the decision operation is performed by the 
differential amp 211 in the same Way as the conventional 
eXample. 

[0035] When the potential VBL of the bit line 106 is read, 
the transistor 212 used as a load does not function as a main 
current supply source in the initial setup. Accordingly, the 
drive capacity of the transistor 212 can be set loW so that the 
variation of the drain potential Va of the transistor 212 can 
increase. As a result, the sensitivity of the sense amp 200 is 
increased. 

[0036] Since the second N-channel transistor 214 has a 
higher threshold than the ?rst N-channel transistor 213, the 
threshold of the second N-channel transistor 213 relatively 
drops, and the drop ratio of the potential VBL of the bit line 
106 to the drain potential Va of the transistor 212 is reduced. 
This is advantageous for a loW potential drive. 

[0037] FIG. 5A is a schematic cross-sectional vieW illus 
trating the ?rst N-channel transistor 213 With the gate saving 
capacity structure (high breakdoWn voltage). The source 
region S and the drain region D of the transistor 213 are 
arranged apart from the gate electrode G. More speci?cally, 
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a speci?ed clearance is provided betWeen the ends of the 
source region S and drain region D and the end of the gate 
electrode G. The second N-channel transistor 214 has the 
same structure as the ?rst N-channel transistor 213. FIG. 5B 
is a schematic cross-sectional vieW illustrating a normal 
MOS transistor 110. The source region S and drain region D 
of the transistor 110 are arranged so that the ends substan 
tially match or are in line With the end of the gate electrode 
G. 

[0038] In the gate saving capacity type transistor, the 
breakdoWn voltage betWeen the source region S or drain 
region D and the gate electrode G is set relatively high, and 
the parasitic capacitance of the gate electrode G is set 
relatively small. The ?rst and second transistors 213 and 214 
perform the on/off operation Without a large delay even if the 
inverter 215 has a relatively loW drive capacity. Accordingly, 
the startup time of the sense amp 200 having the ?rst and 
second transistors 213 and 214 With the gate saving capacity 
is reduced. 

[0039] Second Embodiment 

[0040] FIG. 6 is a circuit diagram of a sense amp 300 
according to the second embodiment of the present inven 
tion. The sense amp 300 comprises a differential amp 311, 
a P-channel type MOS transistor 312, N-channel type MOS 
transistors 313 and 314, and inverters 315 and 316. The 
transistor 312 has a gate, a drain connected to the gate, and 
a source connected to a high potential poWer supply. 

[0041] The ?rst transistor 313 is connected betWeen the 
drain of the transistor 312 and the bit line 106. The second 
transistor 314 is connected betWeen the high potential poWer 
supply and the bit line 106. The ?rst and second transistors 
313 and 314 have smaller gate capacities than the transistor 
312. The second transistor 314 has a larger transistor siZe 
(i.e. current supply capacity) than the ?rst transistor 313. 

[0042] The ?rst inverter 315 has an input terminal con 
nected to the bit line 106 and an output terminal connected 
to the gate of the ?rst transistor 313. The second inverter 316 
has an input terminal connected to the bit line 106 and an 
output terminal connected to the gate of the second transistor 
314. The threshold Vtp2 of the P-channel transistor for the 
second inverter 316 is loWer than the threshold Vtp1 of the 
P-channel transistor for the ?rst inverter 315. Accordingly, 
When the potential VBL of the bit line 106 drops, the second 
inverter 316 is reversed earlier than the ?rst inverter 315. As 
a result, the second transistor 314 goes off earlier than the 
?rst transistor 313. 

[0043] The differential amp 311 has an inverted input 
terminal to Which the drain potential Va of the transistor 212 
is applied, and a noninverted input terminal to Which the 
reference potential Vref is applied. The differential amp 311 
is the same as the differential amp 101 of FIG. 1. 

[0044] In the initial state, the memory cell transistor 105 
is nonselective (the control gate is off) and the bit line 106 
is set to the ground potential. In such a state, as shoWn in 
FIG. 7, the poWer supply is started up at time t0. Thereupon, 
the drain potential Va of the transistor 312 rises up near to 
the poWer supply potential. The ?rst and second transistors 
313 and 314 then go on in response to the output startup of 
the ?rst and second inverters 315 and 316, and the potential 
VBL of the bit line 106 rises together With the drain potential 
Va of the transistor 312. At this time, the current is supplied 
to the bit line 106 from the high potential poWer supply 
through the transistor 312 and the ?rst transistor 313 and to 
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the bit line 106 from the high potential power supply through 
the second transistor 314. Hence, the potential VBL of the 
bit line 106 quickly rises regardless of the drive capacity of 
the transistor 312. When the ?rst and second inverters 315 
and 316 sloWly start inversion as the potential VBL of the bit 
line 106 rises, the ?rst and second transistors 313 and 314 
proceed to the off state and the potential VBL of the bit line 
106 sloWly rises. 

[0045] At this time, since the second inverter 316 having 
a loW threshold is reversed earlier than the ?rst inverter 315, 
the second transistor 314 goes off earlier than the ?rst 
transistor 313. Subsequently, the ?rst inverter 315 is 
reversed and the ?rst transistor 313 goes off. When a speci?c 
time L elapses after the startup of the poWer supply, the drain 
potential Va of the transistor 312 becomes stable. The 
potential after the transistor 312 has become stable is set to 
a higher potential than the threshold of the inverter 315 only 
for the threshold of the ?rst transistor 313. In the second 
embodiment, since the current is also supplied to the bit line 
106 from the second transistor 314, the initial setup time L 
is shorter than the initial setup in the conventional eXample. 

[0046] After the initial setup has been completed, the 
memory cell transistor 105 is selected by the selection signal 
LS and the potential VBL of the bit line 106 is decided. For 
eXample, When the memory cell transistor 105 goes on and 
the potential VBL of the bit line 106 drops, the second 
inverter 316 is not reversed and only the ?rst inverter 315 is 
reversed. Hence, the second transistor 314 goes off and the 
?rst transistor 313 goes on. In other Words, When the ?rst 
transistor 313 goes on, the drop of the potential VBL of the 
bit line 106 is Weakened by the current applied to the ?rst 
transistor 313 and the potential VBL does not drop loWer 
than the speci?ed potential. Accordingly, the second inverter 
316 is not reversed. 

[0047] Third Embodiment 

[0048] As shoWn in FIG. 8, a sense amp 400 according to 
a third embodiment of the present invention is equipped With 
a differential amp 411, a P-channel type MOS transistor 412, 
N-channel type MOS transistors 413 and 414, an inverter 
415, and a P-channel MOS sWitching transistor 416. The 
transistor 412 has a gate, a drain connected to the gate, and 
a source connected to a high potential poWer supply. The 
?rst transistor 413 is connected betWeen the drain of the 
transistor 412 and the bit line 106. The second transistor 414 
is connected betWeen the sWitching transistor 416 and the bit 
line 106. The ?rst and second transistors 413 and 414 have 
smaller gate capacities than the transistor 412. The second 
transistor 414 has a larger transistor siZe (current supply 
capacity) than the ?rst transistor 413. 

[0049] The inverter 415 has an input terminal connected to 
the bit line 106 and an output terminal connected to the gate 
of the second transistor 414. The sWitching transistor 416 is 
connected betWeen the high potential poWer supply and the 
second transistor 414 and has a gate for receiving a control 
signal PC. When the sWitching transistor 416 goes on in 
response to the control signal PC, the poWer supply potential 
is supplied to the second transistor 414. The control signal 
PC is activated during the initial setup operation period. The 
sWitching transistor 416 turns off before the initial setup is 
completed. As a result, When the initial setup is completed, 
the current is not supplied from the second transistor 414 to 
the bit line 106. The differential amp 411 has an inverted 
input terminal to Which the drain potential Va of the tran 
sistor 412 is applied, and a noninverted input terminal to 
Which the reference potential Vref is applied. 
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[0050] In the initial state, the memory cell transistor 105 
is nonselective (the control gate is off) and the bit line 106 
is set to the ground potential. At this time, the control signal 
PC has a loW level state and the sWitching transistor 416 
maintains the on state. 

[0051] In such a state, as shoWn in FIG. 9, the poWer 
supply is started up at time t0. Thereupon, the ?rst and 
second transistors 413 and 414 go on, and the drain potential 
Va of the transistor 412 and the potential VBL of the bit line 
106 rise. At this time, since the current is supplied from the 
poWer supply to the bit line 106 through the transistor 412, 
the ?rst and second transistors 413 and 414 go on, the 
potential VBL of the bit line quickly rises. When the inverter 
415 sloWly starts inversion as the potential VBL of the bit 
line 106 rises, the ?rst and second transistors 413 and 414 
proceed to the off state and the potential VBL of the bit line 
106 sloWly rises. At this time, the control signal PC is 
activated and the sWitching transistor 416 is turned off. Thus, 
the supply of the current from the second transistor 414 is 
disconnected. When a speci?c time L elapses after the 
startup of the poWer supply, the drain potential Va of the 
transistor 412 becomes stable. The potential after it has 
become stable is set to a higher potential than the threshold 
of the inverter 415 only for the threshold of the ?rst 
transistor 413. At this time, the sWitching transistor 416 is 
turned off and the current is supplied to the bit line 106 
through the ?rst transistor 413. Thus, the initial setup is 
completed. Accordingly, the drain potential Va of the tran 
sistor 412 With suf?cient siZe is obtained early, and the initial 
setup operation time is shortened. 

[0052] After the initial setup has been completed, the 
memory cell transistor 105 is selected and the potential VBL 
of the bit line 106 (the drain potential Va of the transistor 
412) is decided in the same Way as the conventional 
eXample. In the decision operation of the potential VBL of 
the bit line 106, since both the sWitching transistor 416 and 
second transistor 414 are off, the current is applied to the bit 
line 106 through only the ?rst transistor 413. 

[0053] It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
speci?c forms Without departing from the spirit or scope of 
the invention. Therefore, the present examples and embodi 
ments are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modi?ed Within the scope and equiva 
lence of the appended claims. 

What is claimed is: 
1. A sense amp for supplying a current to a bit line 

connected to a ?rst potential through a memory cell tran 
sistor and detecting a potential of the bit line, Which varies 
according to a conductive state of the memory cell transistor, 
comprising: 

a load element and a ?rst transistor connected in series 
betWeen a second potential and the bit line; 

a second transistor connected betWeen the second poten 
tial and the bit line, Wherein said second transistor has 
a higher threshold than said ?rst transistor; 

an inverter having an input terminal connected to the bit 
line and an output terminal connected to the gates of 
said ?rst and second transistors; and 

a differential amp having a ?rst input terminal connected 
betWeen said load element and said ?rst transistor, a 
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second input terminal connected to a reference poten 
tial, an output terminal that outputs a signal indicating 
the potential detection result of the bit line. 

2. The sense amp according to claim 1, Wherein each of 
said ?rst and second transistors has its gate electrode 
arranged apart from its source region and its drain region. 

3. A sense amp for supplying a current to a bit line 
connected to a ?rst potential through a memory cell tran 
sistor and detecting a potential of the bit line, Which varies 
according to a conductive state of the memory cell transistor, 
comprising: 

a load element and a ?rst transistor connected in series 
betWeen the second potential and the bit line; 

a second transistor connected betWeen a second poWer 
supply and the bit line; 

a ?rst inverter that has an input terminal connected to the 
bit line and an output terminal connected to the gate of 
said ?rst transistor; 

a second inverter having an input terminal connected to 
the bit line and an output terminal connected to the gate 
of said second transistor, Wherein said second inverter 
has a loWer threshold than said ?rst inverter; and 

a differential amp having a ?rst input terminal connected 
to a node betWeen said load element and said ?rst 
transistor, a second input terminal connected to a 
reference potential, and an output terminal that outputs 
a signal indicating the potential detection result of the 
bit line. 

4. The sense amp according to claim 3, Wherein said 
second transistor has a higher current supply capacity than 
said ?rst transistor. 

5. The sense amp according to claim 3, Wherein each of 
said ?rst and second transistors has its gate arranged apart 
from its source region and its drain region. 

6. A sense amp for supplying a current to a bit line 
connected to a ?rst potential through a memory cell tran 
sistor and detecting a potential of the bit line, Which varies 
according to a conductive state of the memory cell transistor, 
comprising: 

a load element and a ?rst transistor connected in series 
betWeen a second potential and the bit line; 

a second transistor connected betWeen the second poten 
tial and the bit line; 

a sWitching transistor connected betWeen the second 
potential and said second transistor; 

an inverter having an input terminal connected to the bit 
line and an output terminal connected to the gates of 
said ?rst and second transistors; and 

a differential amp having a ?rst input terminal connected 
to a node betWeen said load element and said ?rst 
transistor, a second input terminal connected to a 
reference potential, and an output terminal that outputs 
a signal indicating the potential detection result of the 
bit line. 

7. The sense amp according to claim 6, Wherein said 
sWitching transistor operates to go off after the bit line has 
been charged to a speci?ed potential. 

Jan. 3, 2002 

8. The sense amp according to claim 6, Wherein said 
second transistor has a higher current supply capacity than 
the ?rst transistor. 

9. The sense amp according to claim 6, Wherein each of 
said ?rst and second transistors has its gate arranged apart 
from its source and its drain. 

10. A sense amp for supplying current to a bit line 
connected to a memory cell transistor and detecting a 
potential of the bit line, Which varies according to a con 
ductive state of the memory cell transistor, the sense amp 
comprising: 

a load element; 

a ?rst transistor, Wherein said load element and said ?rst 
transistor are connected in series betWeen a ?rst poten 
tial and the bit line; 

a second transistor connected betWeen the ?rst potential 
and the bit line, Wherein said second transistor turns on 
When a current is supplied to the bit line; 

a ?rst inverter having an input terminal connected to the 
bit line and an output terminal connected to a gate of 
said ?rst transistor; and 

a differential amp having a ?rst input terminal connected 
to a reference potential, a second input terminal con 
nected to a node betWeen said load element and said 
?rst transistor, and an output terminal that outputs a 
signal indicating a difference betWeen the reference 
potential and the bit line potential. 

11. The sense amp of claim 10, Wherein for each of said 
?rst and second transistors, the source region and the drain 
region is arranged apart from the gate electrode so that the 
?rst and second transistors have a gate saving capacity 
structure. 

12. The sense amp of claim 11, Wherein the output 
terminal of said ?rst inverter is connected to a gate of said 
second transistor. 

13. The sense amp of claim 12, Wherein said second 
transistor has a higher current supply capacity than said ?rst 
transistor. 

14. The sense amp of claim 11, further comprising: 

a second inverter having an input terminal connected to 
the bit line and to the gate of said ?rst inverter and an 
output terminal connected to a gate of said second 
transistor. 

15. The sense amp of claim 14, Wherein the ?rst and 
second inverters are constructed so that When the potential 
of the bit line drops, the output of said second inverter 
changes faster than the output of said ?rst transistor. 

16. The sense amp of claim 11, further comprising: 

a sWitching transistor connected betWeen said second 
transistor and the ?rst potential and having a gate 
receiving a control signal that is activated during an 
initial setup period in order to supply current from the 
high potential to the second transistor. 


