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(57) ABSTRACT 

Integrated circuit memory devices according to the present 
invention include a current sense ampli?er having ?rst and 
second cross-coupled sensing transistors. First and second 
data lines are electrically coupled to the source of the ?rst 
sensing transistor and the source of the second sensing 
transistor, respectively. The current sense ampli?er includes 
a ?rst load transistor that has a source electrically connected 
to a drain of the ?rst sensing transistor and a gate of the 
second sensing transistor and a second load transistor is 
included that has a source electrically connected to a drain 
of the second sensing transistor and a gate of the ?rst sensing 
transistor. A switching transistor is responsive to an enable 
signal and has a source electrically coupled to a drain of the 
?rst load transistor and a drain of said second load transistor. 
A ?rst load circuit provides a variable impedance across the 
source and the drain of the ?rst load transistor in response to 
at least a ?rst sense signal. 
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FIG. 2 (PRIOR ART) 
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CURRENT SENSE AMPLIFIERS ENABLING 
AMPLIFICATION OF BIT LINE VOLTAGES 

PROVIDED BY BIT LINE SENSE AMPLIFIERS 

RELATED APPLICATION 

[0001] This application claims the bene?t of Korean 
Application No. 2000-40990, ?led Jul. 18, 2000, the disclo 
sure of Which is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention generally relates to inte 
grated circuit devices, and more particularly, to current sense 
ampli?ers. 
[0003] Semiconductor memory devices may include a 
plurality of memory cells. Data may be stored in the memory 
cells and/or read from the memory cells. Typically, data 
stored in the memory cells is provided to a bit line sense 
ampli?er via a bit line or a plurality of bit lines, so that the 
voltage level of the bit line or lines may be sensed and 
ampli?ed. AWord line may be enabled in response to a /RAS 
command. When a Word line is enabled, data stored in all of 
the memory cells connected to the Word line may be 
transmitted to bit lines corresponding to the respective 
memory cells. During transmission, the voltage levels of the 
bit lines may increase or decrease. Complementary bit lines 
correspond to adjacent memory cells. Complementary bit 
lines may maintain a voltage level that is pre-charged to an 
initial bit line voltage. 

[0004] Accordingly, predetermined voltage differences 
may be generated betWeen the bit lines and the complemen 
tary bit lines connected to bit line sense ampli?ers. During 
operation of the bit line sense ampli?ers, the voltage differ 
ence betWeen the bit lines and the corresponding comple 
mentary bit lines may be ampli?ed. Some of the output lines 
of the bit line sense ampli?ers may be selected by a column 
selection circuit and connected to data input output lines. 
The column selection circuit may be activated in response to 
a /CAS active command. The time betWeen a /RAS active 
command and a /CAS active command may be referred to as 
“tRCD”, ie a /RAS to /CAS delay time. The outputs of the 
bit line sense ampli?ers transmitted to the data input output 
lines may also be sensed and ampli?ed by data line sense 
ampli?ers, for eXample, current sense ampli?ers, and then 
output to a plurality of pads via a series of output buffers. 

[0005] NoW referring to FIG. 1, a block diagram illus 
trating part of the above-described semiconductor memory 
device Will be described. Data of a bit line BL and a 
complementary bit line /BL may be coupled to a bit line 
sense ampli?er 110 and may be transmitted to a pair of data 
input output lines D10 and /DIO, respectively, in response to 
a column selection signal CSL. The pair of data input output 
lines D10 and /DIO are connected to a current sense 
ampli?er 150 via an input output MUX 140. A data line 
sense ampli?er, for eXample, current sense ampli?er 150, 
may sense and amplify the current of the data input output 
line pair D10 and /DIO and may determine a voltage level 
for the data input output line pair D10 and /DIO. The input 
output MUX 140 determines Which memory block to con 
nect the current sense ampli?er 150 to When the current 
sense ampli?er 150 is shared by at least tWo memory blocks. 

[0006] Predetermined amounts of current i1 and i2 How on 
the data input output line pair D10 and /DIO from a load 
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transistor 130, Which may be, for eXample, a current source. 
For eXample, When the bit line sense ampli?er 110 outputs 
a bit line BL at a logic high voltage level and a comple 
mentary bit line [BL at a logic loW voltage level, a current 
that ?oWs through a ?rst load transistor 131 in response to 
a loading signal LOAD is typically smaller than a current 
that ?oWs through a second load transistor 132. This is due 
to the fact that the drain to source current Ids of the ?rst load 
transistor 131 is smaller than the Ids of the second load 
transistor 132 as the drain to source voltage Vds of the ?rst 
load transistor 131 is smaller than the Vds of the second load 
transistor 132. Current ?oWing through the ?rst load tran 
sistor 131 and current ?oWing through the second load 
transistor 132 may be applied to the data input output line 
D10 and the complementary data input output line /DIO, 
respectively. 
[0007] NoW referring to FIG. 2, a circuit diagram of the 
current sense ampli?er of FIG. 1 Will be described. The 
current sense ampli?er 150 may include sensing transistors 
201 and 202, load resistors 203 and 204 and a sWitching 
transistor 205. The sensing transistors 201 and 202 may have 
similar electrical characteristics, and their sources are con 
nected to the pair of data input output lines D10 and /DIO, 
respectively. The gate and drain of the sensing transistor 201 
are cross-connected to the drain and gate of the sensing 
transistor 202, respectively, as shoWn. The drains of the 
sensing transistors 201 and 202 are the outputs V1 and V2 
of the current sense ampli?er 150. The load resistors 203 and 
204 may be diode-type transistors, and may have similar 
electrical characteristics. For eXample, load resistors 203 
and 204 may have the same resistance. The sWitching 
transistor 205 may provide a current path for ?oWing certain 
amounts of current supplied from the load transistors 131 
and 132 of FIG. 1 to a ground in response to the activation 
of a sensing enable signal PIOSE. 

[0008] The sWitching transistor 205 may be turned on in 
response to the sensing enable signal PIOSE. Current i1 
?oWing on the data input output line D10 is typically 
different from current i2 ?oWing on the data input output line 
/DIO, due to the voltage difference betWeen the bit line BL 
and the complementary bit line /BL caused by the operation 
of the bit line sense ampli?er 110 as described in the 
eXample above. For eXample, When the current i1 of the data 
input output line D10 is smaller than the current i2 of the 
complementary data input output line /DIO, the ?rst output 
voltage V1 decreases, While the second output voltage V2 
increases. The ?rst and second output voltage values V1 and 
V2 may be applied to the loading resistors 203 and 204, 
respectively, and may become the results of sensing made by 
the current sense ampli?er 150. The ?rst and second output 
voltage values V1 and V2 of the current sense ampli?er 150 
may then be transmitted to a latch-type sense ampli?er and 
latched thereby (not shoWn). 
[0009] The operation of the current sense ampli?er 150 is 
typically stable once the voltage difference betWeen the bit 
line BL and the complementary bit line [BL has been 
increased signi?cantly by the bit line sense ampli?er 110 
during the time tRCD. In other Words, the voltage difference 
betWeen the bit line BL and the complementary bit line /BL 
at a time t2, shoWn in FIG. 3, is a stable voltage difference 
for the current sense ampli?er 150. If, on the other hand, the 
current sense ampli?er 150 operates at a time t1, i.e., Where 
the voltage difference betWeen the bit line BL and the 
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complementary bit line /BL is not suf?ciently increased by 
the bit line sense ampli?er 110 during the time tRCD, it may 
take a long time for the current sense ampli?er 150 to sense 
and amplify the current difference betWeen the data input 
output line pair DIO and /DIO. If the difference betWeen the 
bit line BL and the complementary bit line /BL is not 
sufficiently increased during the time tRCD as discussed 
above, the difference betWeen the ?rst and second output 
voltage values V1 and V2 may be small enough to cause the 
latch-type sense ampli?er to malfunction. 

SUMMARY OF THE INVENTION 

[0010] Integrated circuit memory devices according to 
some embodiments of the present invention include a cur 
rent sense ampli?er having ?rst and second cross-coupled 
sensing transistors. In some embodiments of the present 
invention, the sensing transistors may be PMOS transistors. 
First and second data lines are electrically coupled to the 
source of the ?rst sensing transistor and the source of the 
second sensing transistor, respectively. The current sense 
ampli?er includes a ?rst load transistor that has a source 
electrically connected to a drain of the ?rst sensing transistor 
and a gate of the second sensing transistor and a second load 
transistor is included that has a source electrically connected 
to a drain of the second sensing transistor and a gate of the 
?rst sensing transistor. A sWitching transistor is responsive 
to an enable signal and has a source electrically coupled to 
a drain of the ?rst load transistor and a drain of said second 
load transistor. A?rst load circuit provides a variable imped 
ance across the source and the drain of the ?rst load 
transistor in response to at least a ?rst sense signal. 

[0011] In further embodiments of the present invention the 
?rst load circuit may provide ?rst and second impedances 
across the source and the drain of the ?rst load transistor 
When the ?rst sense signal is inactive and active, respec 
tively. In other embodiments, the Thevenin equivalent of the 
?rst impedance may be an open-circuit. The second imped 
ance may be provided by a MOS diode having an anode 
electrically connected to the source of the ?rst load transis 
tor. 

[0012] In still further embodiments of the present inven 
tion there may be a second load circuit that provides a 
variable impedance across the source and the drain of the 
second load transistor in response to at least a ?rst sense 
signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram illustrating part of a 
semiconductor memory device including a conventional 
current sense ampli?er; 

[0014] FIG. 2 is a circuit diagram of the current sense 
ampli?er of FIG. 1; 

[0015] FIG. 3 is a Waveform diagram of the operation of 
the bit line sense ampli?er of FIG. 1; 

[0016] FIG. 4 is a circuit diagram of a current sense 
ampli?er according to some embodiments of the present 
invention; 

[0017] FIG. 5 is a graph illustrating electrical character 
istics of conventional transistors; 
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[0018] FIG. 6A is a circuit diagram of a current sense 
ampli?er according to further embodiments of the present 
invention; 
[0019] FIG. 6B is a circuit diagram of a current sense 
ampli?er according to other embodiments of the present 
invention; 
[0020] FIG. 7 is a timing diagram of the sensing signals 
of FIGS. 4 and 6; and 

[0021] FIG. 8 illustrates a sensing signal generation cir 
cuit for generating the sensing signals of FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. It Will be understood that When an 
element is referred to as being “connected” or “coupled” to 
another element, it can be directly connected or coupled to 
the other element or intervening elements may be present. In 
contrast, When an element is referred to as being “directly 
connected” or “directly coupled” to another element, there 
are no intervening elements present. Like numbers refer to 
like elements throughout. 

[0023] NoW referring to FIG. 4, a current sense ampli?er 
400 according to embodiments of the present invention Will 
be discussed. The current sense ampli?er 400 may include 
sensing transistors 401 and 402, load resistors 403 and 404 
and a sWitching transistor 407. The sensing transistors 401 
and 402 may have similar electrical characteristics, and their 
sources are connected to the pair of data input output lines 
DIO and /DIO, respectively. The gate and drain of the 
sensing transistor 401 are cross-connected to the drain and 
gate of the sensing transistor 402, respectively, as shoWn. 
The drains of the sensing transistors 401 and 402 are the 
outputs V1 and V2 of the current sense ampli?er 400. The 
load resistors 403 and 404 may be diode-type transistors, 
and may have similar electrical characteristics. For eXample, 
load resistors 403 and 404 may have the same resistance. 

[0024] The sWitching transistor 407 may provide a current 
path for ?oWing certain amounts of current supplied from 
the load transistors 131 and 132 of FIG. 1 to a ground in 
response to the activation of a sensing enable signal PIOSE. 
The sWitching transistor 407 may be turned on in response 
to the sensing enable signal PIOSE. Current i1 ?oWing on 
the data input output line DIO is typically different from 
current i2 ?oWing on the data input output line /DIO, due to 
the voltage difference betWeen the bit line BL and the 
complementary bit line /BL caused by the operation of the 
bit line sense ampli?er 110 as described in the eXample 
above. For eXample, When the current i1 of the data input 
output line DIO is smaller than the current i2 of the 
complementary data input output line /DIO, the ?rst output 
voltage V1 decreases, While the second output voltage V2 
increases. 

[0025] The current sense ampli?er 400 further includes a 
?rst load circuit 405, a second load circuit 406 and an 
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equalization circuit 420, ie a PMOS transistor connected as 
shown. The equalization circuit 420 is turned on in response 
to the sensing enable signal. The ?rst load circuit 405 is 
connected to both ends of a ?rst load resistor 403. The 
second load circuit 406 is connected to both ends of a second 
load resistor 404. The ?rst and second load circuits 405 and 
406 may be resistive elements, for example, NMOS tran 
sistors, Which may respond to a sensing signal SE1 that has 
a predetermined pulse Width. The sensing signal SE1 may be 
activated to a logic high level When a bit line sense ampli?er 
is activated. 

[0026] The impedances provided by the ?rst and second 
load circuits 405 and 406 may vary according to the values 
of the ?rst and second output voltages V1 and V2. For 
example, When the ?rst output voltage V1 decreases and the 
second output voltage V2 increases, the Vds of the ?rst load 
circuit 405 decreases and the Vds of the second load circuit 
406 increases. 

[0027] FIG. 5 is a graph illustrating the electrical charac 
teristics of an NMOS transistor. The graph illustrates that the 
drain-to-source resistance value (rds) increases When the 
drain-to-source voltage Vds increases at the boundary 
betWeen a linear region and a saturation region, and the rds 
decreases When the Vds decreases. Thus, the resistance of 
the ?rst circuit 405 may decrease responsive to a decrease in 
by the ?rst output voltage V1, and the resistance of the 
second load circuit 406 may increase responsive to an 
increase in voltage V2. 

[0028] Referring again to FIG. 4, the ?rst output voltage 
V1, may further decrease as the resistance across the ?rst 
load resistor 403 decreases due to the parallel connection of 
the ?rst load resistor 403 and the ?rst load circuit 405. The 
second output voltage V2, may further increase as the 
resistance across the second load resistor 404 increases due 
to the parallel connection of the second load resistor 404 and 
the second load circuit 406. Therefore, as V1 decreases and 
V2 increases, the gain of the current sense ampli?er 400 may 
also increase. 

[0029] The ?rst and second load circuits 405 and 406 
provide additional current paths responsive to the sensing 
signal SE1 Which is asserted When a bit line sense ampli?er 
is activated. Thus, even When the voltage difference betWeen 
a bit line and a complementary bit line is not suf?ciently 
large, the gain of the current sense ampli?er may still 
increase due to the operation of the ?rst and second load 
circuits 405 and 406. Accordingly, the current sense ampli 
?er 400 according to embodiments of the present invention 
may sense and amplify voltage differences betWeen bit lines 
and complementary bit lines even When the voltage differ 
ence betWeen these bit lines is not suf?ciently large, e. g., not 
in the t2 range of FIG. 3. 

[0030] NoW referring to FIG. 6A, a current sense ampli 
?er 600 according to other embodiments of the present 
invention Will be discussed. The current sense ampli?er 600 
is similar to the current sense ampli?er 400 of FIG. 4, but 
the current sense ampli?er 600 further includes ?rst and 
second load circuits 630 and 640 and an equalization circuit 
620, ie a PMOS transistor connected as shoWn. The equal 
ization circuit 620 is turned on in response to the sensing 
enable signal. The ?rst load circuit 630 includes a ?rst gain 
control unit 605 and a ?rst load transistor 608. Similarly, the 
second load circuit 640 includes a second gain control unit 
609 and a second load transistor 612. 
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[0031] The ?rst gain control unit 605 includes ?rst and 
second control transistors 606 and 607. The ?rst and second 
control transistors 606 and 607 control the impedance of the 
?rst load transistor 608 in response to ?rst and second 
sensing signals SE2 and SE3, respectively. Similarly, the 
second gain control unit 609 may include third and fourth 
control transistors 610 and 611. The third and fourth control 
transistors 610 and 611 control the impedance of the second 
load transistor 612 in response to ?rst and second sensing 
signals SE2 and SE3, respectively. The ?rst sensing signal 
SE2 is activated to a logic high level When a bit line sense 
ampli?er is activated, and may have a predetermined pulse 
Width. The second sensing signal SE3, Which is an inversion 
of the ?rst sensing signal, is at a logic loW level When the 
?rst sensing signal SE2 is at a logic high level. 

[0032] The ?rst control transistor 606 turns on When the 
?rst sensing signal SE2 is at a logic high level, and the 
second control transistor 607 turns off When the second 
sensing signal SE3 is at a logic loW level. When the ?rst 
control transistor 606 is on, the ?rst load transistor 608 may 
act as a diode transistor like the ?rst load resistor 603, ie the 
gate of the ?rst load transistor 608 may essentially be 
coupled to the source of the ?rst load transistor 608. The 
third control transistor 610 turns on When the ?rst sensing 
signal SE2 is at a logic high level, and the fourth control 
transistor 611 turns off When the second sensing signal SE3 
is at a logic loW level. When the third control transistor 610 
is on, the second load transistor 612 may act as a diode 
transistor like the second load resistor 604. 

[0033] Thus, the ?rst output voltage V1 may further 
decrease as the resistance across the ?rst load resistor 603 
decreases due to the parallel connection of the ?rst load 
resistor 603 and the ?rst load circuit 630. The second output 
voltage V2 may further increases as the resistance across the 
second load resistor 604 increases due to the parallel con 
nection of the second load resistor 604 and the second load 
circuit 640. Therefore, as V1 decreases and V2 increases, the 
gain of the current sense ampli?er 400 may also increase. 

[0034] The ?rst and second load circuits 630 and 640 
provide additional current paths responsive to the sensing 
signals SE2 and SE3 When a bit line sense ampli?er is 
activated. Thus, even When the voltage difference betWeen a 
bit line and a complementary bit line is not suf?ciently large, 
the gain of the current sense ampli?er may still increase due 
to the operation of the ?rst and second load circuits 630 and 
640. Accordingly, the current sense ampli?er 600 according 
to embodiments of the present invention may sense and 
amplify voltage differences betWeen bit lines and comple 
mentary bit lines even When the voltage difference betWeen 
these bit lines is not suf?ciently large, e.g. not in the t2 range 
of FIG. 3. 

[0035] Furthermore, current ?oWing through ?rst load 
transistor 608 may be less than current ?oWing through the 
?rst load circuit 405 of FIG. 4. Accordingly, the total 
amount of current ?oWing through a sWitching transistor 613 
of the current sense ampli?er 600 is less than that of current 
?oWing through the sWitching transistor 407 of FIG. 4. 
Therefore, the current sense ampli?er 600 may provide a 
larger gain, so that it can sense and amplify the voltage 
difference betWeen a bit line and a complementary bit line 
even When the voltage difference, produced by the operation 
of a bit line sense ampli?er, is not suf?ciently large as 
discussed above. 
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[0036] NoW referring to FIG. 7, a timing diagram illus 
trating sensing signals SE1 and SE2 of FIGS. 4, 6A and 6B 
Will be discussed. After a signal /RAS is activated to a logic 
loW level, and a signal /CAS is activated to a logic loW level, 
i.e., tRCD, a predetermined bank selection pulse signal may 
be generated having a predetermined pulse Width. When a 
bank readout signal of a selected bank is activated to a logic 
high level, the sensing signal SE1 or SE2 is asserted. 

[0037] In particular, the sensing signals SE1 and SE2 may 
be generated using, for eXample, a sensing signal generation 
circuit illustrated in FIG. 8. NoW referring to FIG. 8, a 
sensing signal generation circuit 800 Will be discussed. The 
sensing signal generation circuit 800 presupposes a current 
sense ampli?er that is shared by a plurality of memory 
banks. A 3-input OR gate 804 receives the output of a 
2-input AND gate 801 Which responds to anAbank selection 
pulse signal and an A bank readout signal, the output of a 
2-input AND gate 802 Which responds to a B bank selection 
pulse signal and a B bank readout signal, and the output of 
a 2-input AND gate 803 Which responds to a C bank 
selection pulse signal and a C bank readout signal. In other 
Words, the outputs of the 3-input OR gate 804 generated in 
response to the selection signal and read signal for each bank 
are the sensing signals SE1 and SE2. The sensing signal SE1 
corresponds to the sensing signal of FIG. 1, and the sensing 
signal SE2 corresponds to the ?rst sensing signal of FIG. 6. 

[0038] It Will be understood that the ?rst and second load 
circuits 630 and 640 are shoWn in FIG. 6A for exemplary 
purposes only and the present invention is not intended to be 
limited to this con?guration. For eXample, noW referring to 
FIG. 6B, differently con?gured load circuits 650 and 670 
may also be employed Without departing from the teachings 
of embodiments of the present invention. The ?rst load 
circuit 650 may include a ?rst control transistor 651, a ?rst 
capacitor 652 and a ?rst PMOS transistor 653 connected as 
shoWn. Similarly, the second load circuit 670 may include a 
?rst control transistor 671, a ?rst capacitor 672 and a ?rst 
PMOS transistor 673 also connected as shoWn. 

[0039] It Will be understood that although the sensing 
signal generation circuit 800 is described With respect to 
AND gates and OR gates, the present invention is not 
limited to this con?guration. Any combination of Boolean 
operators may be used to produce the desired function. 

[0040] Thus, integrated circuit memory devices according 
to some embodiments of the present invention provide a 
current sense ampli?er having ?rst and second cross 
coupled sensing transistors. In some embodiments of the 
present invention, the sensing transistors may be PMOS 
transistors. First and second data lines are electrically 
coupled to the source of the ?rst sensing transistor and the 
source of the second sensing transistor, respectively. A ?rst 
load transistor is provided that has a source electrically 
connected to a drain of the ?rst sensing transistor and a gate 
of the second sensing transistor. A second load transistor is 
provided that has a source electrically connected to a drain 
of the second sensing transistor and a gate of the ?rst sensing 
transistor. A sWitching transistor is responsive to an enable 
signal and has a source electrically coupled to a drain of the 
?rst load transistor and a drain of said second load transistor. 
A ?rst load circuit is included that provides a variable 
impedance across the source and the drain of the ?rst load 
transistor in response to at least a ?rst sense signal. 
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[0041] In further embodiments of the present invention the 
?rst load circuit may provide ?rst and second impedances 
across the source and the drain of the ?rst load transistor 
When the ?rst sense signal is inactive and active, respec 
tively. In other embodiments the Thevenin equivalent of the 
?rst impedance may be an open-circuit. The second imped 
ance may be provided by a MOS diode having an anode 
electrically connected to the source of the ?rst load transis 
tor. 

[0042] In still further embodiments of the present inven 
tion there may be a second load circuit that provides a 
variable impedance across the source and the drain of the 
second load transistor in response to at least a ?rst sense 
signal. 
[0043] As described above, a current sense ampli?er cir 
cuit according to embodiments of the present invention may 
sense and amplify the voltage difference betWeen a bit line 
and a complementary bit line by adjusting a current gain and 
is not limited by the voltage difference betWeen a bit line and 
a complementary bit line provided by a bit line sense 
ampli?er. In the draWings and speci?cation, there have been 
disclosed typical preferred embodiments of the invention 
and, although speci?c terms are employed, they are used in 
a generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
folloWing claims. 

That Which is claimed is: 

1. A current sense ampli?er, comprising: 

?rst and second cross-coupled sensing transistors; 

?rst and second data lines electrically coupled to a source 
of said ?rst sensing transistor and a source of said 
second sensing transistor, respectively; 

a ?rst load transistor having a source electrically con 
nected to a drain of said ?rst sensing transistor and a 
gate of said second sensing transistor; 

a second load transistor having a source electrically 
connected to a drain of said second sensing transistor 
and a gate of said ?rst sensing transistor; 

a sWitching transistor that is responsive to an enable 
signal and has a source electrically coupled to a drain 
of said ?rst load transistor and a drain of said second 
load transistor; and 

a ?rst load circuit that provides a variable impedance 
across the source and the drain of said ?rst load 
transistor, in response to at least a ?rst sense signal. 

2. A sense ampli?er of claim 1, 

Wherein said ?rst load circuit provides ?rst and second 
impedances across the source and the drain of said ?rst 
load transistor When the ?rst sense signal is inactive 
and active, respectively. 

3. A sense ampli?er of claim 2, Wherein a Thevenin 
equivalent of the ?rst impedance is an open-circuit. 

4. A sense ampli?er of claim 2, Wherein the second 
impedance is provided by a MOS diode having an anode 
electrically connected to the source of said ?rst load tran 
sistor. 
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5. A sense ampli?er of claim 3, Wherein the second 
impedance is provided by a MOS diode having an anode 
electrically connected to the source of said ?rst load tran 
sistor. 

6. A current sense ampli?er, comprising: 

?rst and second cross-coupled PMOS transistors; 

?rst and second data lines electrically coupled to a source 
of said ?rst PMOS transistor and a source of said 
second PMOS transistor, respectively; 

a ?rst load transistor having a source electrically con 
nected to a drain of said ?rst PMOS transistor and a 
gate of said second PMOS transistor; 

a second load transistor having a source electrically 
connected to a drain of said second PMOS transistor 
and a gate of said ?rst PMOS transistor; 

a sWitching transistor that is responsive to an enable 
signal and has a source electrically coupled to a drain 
of said ?rst load transistor and a drain of said second 
load transistor; 

a ?rst load circuit that provides a variable impedance 
across the source and the drain of said ?rst load 
transistor, in response to at least a ?rst sense signal; and 

a second load circuit that provides a variable impedance 
across the source and the drain of said second load 
transistor, in response to at least the ?rst sense signal. 

7. A sense ampli?er of claim 6, 

Wherein said ?rst load circuit provides ?rst and second 
impedances across the source and the drain of said ?rst 
load transistor When the ?rst sense signal is inactive 
and active, respectively; and 

Wherein said second load circuit provides third and fourth 
impedances across the source and the drain of said 
second load transistor When the ?rst sense signal is 
inactive and active, respectively. 

8. A sense ampli?er of claim 7, Wherein a Thevenin 
equivalent of the ?rst impedance and the third impedance is 
an open-circuit. 

9. A sense ampli?er of claim 7, Wherein the second 
impedance is provided by a MOS diode having an anode 
electrically connected to the source of said ?rst load tran 
sistor and Wherein the second impedance is provided by a 
MOS diode having an anode electrically connected to the 
source of said second load transistor. 

10. A sense ampli?er of claim 6, Wherein the second 
impedance is provided by a MOS diode having an anode 
electrically connected to the source of said ?rst load tran 
sistor and Wherein the second impedance is provided by a 
MOS diode having an anode electrically connected to the 
source of said second load transistor. 

11. A current sense ampli?er for sensing and amplifying 
memory cell data transmitted to a data input output line, the 
device comprising: 

one sensing transistor having a source connected to the 
data input output line and the other sensing transistor 
having a source connected to a complementary data 
input output line, in Which the gate and drain of one 
sensing transistor are cross-connected to those of the 
other sensing transistor, for sensing and amplifying the 
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current difference betWeen the data input output line 
and the complementary data input output line; 

load resistors connected to the drains of the sensing 
transistors, respectively; 

additional resistors each connected in parallel to both ends 
of each of the load resistors, for forming a current path 
in response to a sensing signal; and 

a sWitching transistor for ?oWing current in the data input 
output line and current in the complementary input 
output line to ground in response to a sensing enable 
signal. 

12. The current sense ampli?er of claim 11, Wherein the 
load resistors are diode transistors. 

13. The current sense ampli?er of claim 11, Wherein the 
additional resistors are transistors to the gates of Which the 
sensing signal is connected. 

14. The current sense ampli?er of claim 11, Wherein the 
sensing signal is a signal Which is activated upon activation 
of a bit line sense ampli?er, thus having a predetermined 
pulse Width. 

15. A current sense ampli?er for sensing and amplifying 
memory cell data transmitted to a data input output line, the 
device comprising: 

one sensing transistor having a source connected to the 
data input output line and the other sensing transistor 
having a source connected to a complementary data 
input output line, in Which the gate and drain of one 
sensing transistor are cross-connected to those of the 
other sensing transistor, for sensing and amplifying the 
current difference betWeen the data input output line 
and the complementary data input output line; 

load resistors connected to the drains of the sensing 
transistors, respectively; 

gain control units each connected betWeen the drain of 
each of the sensing transistors and ground, the gain 
control units responding to ?rst and second sensing 
signals; 

additional resistors each connected to both ends of each of 
the load resistors, for forming a current path in response 
to the outputs of the gain control units; and 

a sWitching transistor for ?oWing current in the data input 
output line and current in the complementary input 
output line to ground in response to a sensing enable 
signal. 

16. The current sense ampli?er of claim 15, Wherein each 
of the gain control units comprises: 

a ?rst transistor having a gate to Which the ?rst sensing 
signal is connected, and a drain connected to the drain 
of a sensing transistor; and 

a second transistor having a gate to Which the second 
sensing signal is connected, a drain connected to the 
source of the ?rst transistor, and a source connected to 
ground. 

17. The current sense ampli?er of claim 15, Wherein the 
?rst sensing signal has a predetermined pulse Width as the 
?rst sensing signal is activated upon activation of a bit line 
sense ampli?er, and the second sensing signal is inverted to 
the ?rst sensing signal. 
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18. The current sense ampli?er of claim 15, Wherein the 
load resistors are diode transistors. 

19. The current sense ampli?er of claim 15, Wherein the 
additional resistors are transistors to the gates of Which the 
outputs of the gain control units are connected. 

20. A semiconductor memory device comprises: 

a plurality of memory banks on each of Which a plurality 
of memory cells are arranged; 

bit line sense ampli?ers for sensing and amplifying data 
of a bit line and data of a complementary bit line in the 
memory cells; 

a column selection circuit for selecting the output of the 
bit line sense ampli?er and transmitting the selected 
data to a data input output line and a complementary 
data input output line; 

a load transistor unit for supplying current to the data 
input output line and the complementary data input 
output line according to the voltage levels of the data 
input output line and the complementary data input 
output line; and 

a current sense ampli?er for sensing and amplifying the 
current difference betWeen the data input output line 
and the complementary data input output line, 

Wherein the current sense ampli?er comprises: 

one sensing transistor having a source connected to the 
data input output line and the other sensing transistor 
having a source connected to the complementary 
data input output line, in Which the gate and drain of 
one sensing transistor are cross-connected to those of 
the other sensing transistor, for sensing and ampli 
fying the current difference betWeen the data input 
output line and the complementary data input output 
line; 

load resistors connected to the drains of the sensing 
transistors, respectively; 

additional resistors each connected in parallel to both 
ends of each of the load resistors, for forming a 
current path in response to a sensing signal; and 

a sWitching transistor for ?oWing current in the data 
input output line and current in the complementary 
input output line to ground in response to a sensing 
enable signal. 

21. The semiconductor memory device of claim 20, 
Wherein the sensing signal is generated in response to 
memory bank selection signals and the readout signal of a 
memory bank selected in response to the memory bank 
selection signals. 

22. A semiconductor memory device comprises: 

a plurality of memory banks on each of Which a plurality 
of memory cells are arranged; 

bit line sense ampli?ers for sensing and amplifying data 
of a bit line and data of a complementary bit line in the 
memory cells; 
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a column selection circuit for selecting the output of the 
bit line sense ampli?er and transmitting the selected 
data to a data input output line and a complementary 
data input output line; 

a load transistor unit for supplying current to the data 
input output line and the complementary data input 
output line according to the voltage levels of the data 
input output line and the complementary data input 
output line; and 

a current sense ampli?er for sensing and amplifying the 
current difference betWeen the data input output line 
and the complementary data input output line, 

Wherein the current sense ampli?er comprises: 

one sensing transistor having a source connected to the 
data input output line and the other sensing transistor 
having a source connected to the complementary 
data input output line, in Which the gate and drain of 
one sensing transistor are cross-connected to those of 
the other sensing transistor, for sensing and ampli 
fying the current difference betWeen the data input 
output line and the complementary data input output 
line; 

load resistors connected to the drains of the sensing 
transistors, respectively; 

gain control units each connected betWeen the drain of 
each of the sensing transistors and ground, the gain 
control units responding to ?rst and second sensing 
signals; 

additional resistors each connected in parallel to both 
ends of each of the load resistors, for forming a 
current path in response to the outputs of the gain 
control units; and 

a sWitching transistor for ?oWing current in the data 
input output line and current in the complementary 
input output line to ground in response to a sensing 
enable signal. 

23. The semiconductor memory device of claim 22, 
Wherein each of the gain control units comprises: 

a ?rst transistor having a gate to Which the ?rst sensing 
signal is connected, and a drain connected to the drain 
of a sensing transistor; and 

a second transistor having a gate to Which the second 
sensing signal is connected, a drain connected to the 
source of the ?rst transistor, and a source connected to 
ground. 

24. The semiconductor memory device of claim 22, 
Wherein the ?rst sensing signal is generated in response to 
memory bank selection signals and the readout signal of a 
memory bank selected in response to the memory bank 
selection signals, and the second sensing signal is inverted 
to the ?rst sensing signal. 


