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(57) ABSTRACT 

In an eDRAM, there are provided a VDC that doWn 
converts an external poWer supply potential to generate an 
internal poWer supply potential for a sense ampli?er band, 
and a VDC that down-converts the external poWer supply 
potential to generate an internal poWer supply potential for 
a column decoder. The response of the VDC is improved by 
increasing the through current of the VDC only during the 
period of time corresponding to an amplify operation of the 
sense ampli?er. Therefore, current consumption is smaller 
than the conventional case Where the through current of the 
VDC is set at a high constant level. 
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SEMICONDUCTOR MEMORY DEVICE WITH 
INTERNAL POWER SUPPLY POTENTIAL 

GENARATION CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
memory devices, particularly to a semiconductor memory 
device including a potential generation circuit generating an 
internal poWer supply potential based on an external poWer 
supply potential. 
[0003] 2. Description of the Background Art 

[0004] In dynamic random access memories (referred to as 
“DRAM” hereinafter), reduction in the internal poWer sup 
ply voltage is conventionally aimed as Well as realiZing 
microminiaturiZation and high integration of the structural 
elements. 

[0005] FIG. 19 is a circuit block diagram shoWing the 
main part of such a DRAM. In the DRAM of FIG. 19, a 
voltage-doWn converter (referred to as VDC hereinafter) 70 
doWn-converts an external poWer supply potential EXVCC 
to generate and provide to a sense ampli?er 73 an internal 
poWer supply potential VCCS. VDC 71 doWn-converts 
external poWer supply potential EXVCC to generate and 
provide to a roW decoder 72, a column decoder 75 and a data 
input/output buffer 76 an internal poWer supply potential 
VCCP. Each memory cell MC includes an N channel MOS 
transistor Q for access and a capacitor C for information 
recording. RoW decoder 72 selects a Word line WL out of a 
plurality of Word lines WL. That Word line WL is set to an 
H level (logical high) of the selected level. Accordingly, N 
channel MOS transistor Q of memory cell MC connected to 
that Word line WL conducts, Whereby a small potential 
difference is generated betWeen a pair of bit lines BL 
and [BL that is already equalized to a bit line potential VBL. 

[0006] The small potential difference generated betWeen 
the pair of bit lines BL and [BL is ampli?ed by sense 
ampli?er 73 to internal poWer supply voltage VCCS. When 
a column select line CSL is driven to an H level (internal 
poWer supply potential VCCP) of the selected level by 
column decoder 75, a pair of N channel MOS transistors in 
column select gate 74 conducts, Whereby the voltage 
betWeen bit lines BL and /BL is transmitted to a pair of data 
input/output lines IO and [IQ Data input/output buffer 76 
outputs externally a signal of a logic level corresponding to 
the voltage betWeen the pair of data input/output lines IO 
and [IO (+VCCS or-VCCS) as readout data. 

[0007] FIG. 20 is a block diagram shoWing a structure of 
a DRAM mounted on one chip together With an ASIC circuit 
(referred to as eDRAM hereinafter). Referring to FIG. 20, 
VDC 81a-81a' are under control of a VDC activation signal 
VDCON to doWn-convert external poWer supply potential 
EXVCC to generate an internal poWer supply potential 
VCCS. Internal poWer supply potential VCCS is applied to 
each sense ampli?er band SA and column decoder 84 in a 
memory mat 82. The peripheral circuits such as roW decoder 
83, data input/output buffer 85 and control circuit 86 are 
driven by internal poWer supply potential VCC for the ASIC 
circuit. The reason Why column decoder 84 is driven by 
internal poWer supply potential VCCS for sense ampli?er 
band SA is that, if column decoder 84 is driven by internal 
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poWer supply potential VCC, data cannot be transferred 
betWeen bit line pair BL and [BL and data input/output line 
pair IO and [10 shown in FIG. 19 since internal poWer 
supply potential VCC of the ASIC circuit is reduced to 1.2 
V Whereas internal poWer supply potential VCCS of sense 
ampli?er band SA is approximately 2 V. 

[0008] FIG. 21 is a circuit diagram shoWing a structure of 
VDC 81a. Referring to FIG. 21, VDC 81a includes P 
channel MOS transistors 90-93 and N channel MOS tran 
sistors 94-96. MOS transistors 90, 91 and 94-96 form a 
differential ampli?er 97 that compares a reference potential 
VREF With an internal poWer supply potential VCCS. 

[0009] Signal VDCON attains an H level of an activation 
level and an L level of an inactivation level in response to 
the input of an active command ACT and a precharge 
command PRE, respectively. When signal VDCON is at an 
L level of an inactivation level, P channel MOS transistor 92 
is rendered conductive Whereas N channel MOS transistor 
96 is rendered nonconductive. Driver transistor 93 is ?xed at 
the nonconductive state, and differential ampli?er 97 is 
rendered inactive. 

[0010] When signal VDCON attains an H level of an 
activation level, P channel MOS transistor 92 is rendered 
nonconductive Whereas N channel MOS transistor 96 is 
rendered conductive, Whereby differential ampli?er 97 is 
activated. When internal poWer supply potential VCCS is 
loWer than reference potential VREF, P channel MOS tran 
sistor 93 conducts to supply current to an output node N93. 
When internal poWer supply potential VCCS is higher than 
reference potential VREF, P channel MOS transistor 93 is 
rendered nonconductive, Whereby the supply of current to 
output node N93 is ceased. Therefore, internal poWer supply 
potential VCCS is maintained at the level of reference 
potential VREF. Other VDC 81b-81a' have a structure iden 
tical to that of VDC 81a. 

[0011] In the above-described eDRAM, column select line 
CSL is selected immediately after activation of the sense 
ampli?er in the read and Write operations. Furthermore, 
current consumption of column decoder 84 is great since the 
number of 10s is greater than that of a general purpose 
DRAM. Therefore, internal poWer supply potential VCCS 
Will become loWer than reference potential VREF unless the 
current supply capability of VDC 81a-81a' is set large 
enough. 
[0012] In order to increase the current supply capability of 
VDC 81a-81a', the siZe of driver transistor 93 is to be 
increased. HoWever, simply increasing the siZe Will degrade 
the response since the gate capacitance of transistor 93 
becomes larger. In order to improve the response, the 
through current I ?oWing to N channel MOS transistor 96 
must be increased. 

[0013] FIG. 22 is a timing chart of through current I in 
VDC 81a-81d. There is the possibility of a read command 
READ or a Write command WRT input to effect a column 
select operation during the amplify operation of sense ampli 
?er 73 in response to the input of an active command ACT. 
Therefore, through current I is set to a constant I=Is+Id 
during the period of input of active command ACT up to 
input of precharge command PRE, Where Is is the through 
current required during the amplify operation of sense 
ampli?er 73 and Id is the through current required during a 
column select operation. 
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[0014] However, through current I is set to I=Is+Id even in 
an active standby state Where neither an amplify operation of 
sense ampli?er 73 nor a column select operation is carried 
out. Current consumption Was Wasted greatly in conven 
tional cases. 

SUMMARY OF THE INVENTION 

[0015] In vieW of the foregoing, a main object of the 
present invention is to provide a semiconductor memory 
device of small current consumption. 

[0016] According to an aspect of the present invention, a 
semiconductor memory device includes a ?rst potential 
generation circuit generating a ?rst internal poWer supply 
potential for a sense ampli?er according to an eXternal 
poWer supply potential, and a second potential generation 
circuit generating a second internal poWer supply potential 
for a column select circuit according to the external poWer 
supply potential. At least one of the ?rst and second potential 
generation circuits has a controllable response With respect 
to change in the output potential during the activation 
period. By increasing the response of the ?rst and/or second 
potential generation circuit during the period Where current 
consumption of the ?rst and/or second internal poWer supply 
potential is great, and loWering the response of the ?rst 
and/or second potential generation circuit during other peri 
ods, the current consumption of the ?rst and/or second 
potential generation circuit can be reduced. Thus, the current 
consumption of the semiconductor memory device can be 
reduced. 

[0017] Preferably, the ?rst potential generation circuit 
includes a ?rst transistor connected betWeen a line of the 
external poWer supply potential and a line of a ?rst internal 
poWer supply potential, and a ?rst differential ampli?er 
comparing a ?rst reference potential With the ?rst internal 
poWer supply potential to control the conductive status of 
the ?rst transistor according to the comparison result. The 
second potential generation circuit includes a second tran 
sistor connected betWeen the line of the eXternal poWer 
supply potential and a line of a second internal poWer supply 
potential, and a second differential ampli?er comparing the 
?rst reference potential With the second internal poWer 
supply potential to control the conductive status of the 
second transistor according to the comparison result. The 
response of the ?rst and second potential generation circuits 
is increased according to the driving current of respective 
?rst and second differential ampli?ers. At least one of the 
?rst and second differential ampli?ers has a controllable 
driving current. In this case, the ?rst and second potential 
generation circuits can be implemented easily. 

[0018] Preferably, there is provided a third potential gen 
eration circuit to generate the ?rst reference potential, and 
?rst and second buffer circuits to transmit the ?rst reference 
potential generated at the third potential generation circuit to 
the ?rst and second differential ampli?ers, respectively. In 
this case, transmission of the noise generated at one of the 
?rst and second differential ampli?ers to the other can be 
prevented. 
[0019] Further preferably, there are provided a third poten 
tial generation circuit to generate the ?rst reference poten 
tial, and ?rst and second ?lter circuits connected betWeen the 
output node of the third potential generation circuit and 
respective input nodes of the ?rst and second differential 
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ampli?ers to transmit the ?rst reference potential and to 
remove noise. In this case, transmission of the noise gener 
ated at one of the ?rst and second differential ampli?ers to 
the other of the ?rst and second differential ampli?ers can be 
prevented. 
[0020] Preferably, a plurality of sense ampli?ers, a roW 
select circuit, a ?rst potential generation circuit and a second 
potential generation circuit are rendered active in response 
to the input of an active command. The column select circuit 
is rendered active for only a predetermined time in response 
to the input of either a read command or Write command 
after input of the active command. In this case, the activa 
tion/inactivation of the plurality of sense ampli?ers, the roW 
select circuit, the ?rst potential generation circuit, the second 
potential generation circuit, and the column select circuit can 
be controlled easily. 

[0021] Preferably, the response of the ?rst potential gen 
eration circuit is controllable. The response is set to a 
relatively high level during the period of time required for 
the amplify operation of a plurality of sense ampli?ers after 
an active command is input, and set to a relatively loW level 
at the elapse of that period of time. In this case, current 
consumption of the ?rst potential generation circuit is 
increased only during the time required for the amplify 
operation of the plurality of sense ampli?ers. The current 
consumption of the ?rst potential generation circuit is loWer 
at the remaining period of time. In average over the entire 
period of time, current consumption of the ?rst potential 
generation circuit becomes loWer than that of the conven 
tional case. 

[0022] Also preferably, the response of the second poten 
tial generation circuit is controllable. The response is set to 
a relatively high level during a predetermined time Where 
the column select circuit is rendered active, and set to a 
relatively loW level during the period other than that prede 
termined time. In this case, the current consumption of the 
second potential generation circuit is increased only during 
the period of time Where the column select circuit is ren 
dered active. Current consumption of the second potential 
generation circuit is reduced in the remaining period of time. 
In average over the entire period of time, current consump 
tion of the second potential generation circuit is reduced 
than that of the conventional case. 

[0023] Preferably, a plurality of second potential genera 
tion circuits are provided. During the predetermined time 
Where the column select circuit is activated, all of the 
plurality of second potential generation circuits are rendered 
active. During the period of time other than that predeter 
mined time, a second potential generation circuit among the 
plurality of second potential generation circuits is rendered 
active during the period of time other than the predetermined 
time. In this case, the response of the plurality of second 
potential generation circuits as a Whole can easily be con 
trolled. 

[0024] Preferably, there are further provided a ?rst capaci 
tor arranged in the neighborhood of the plurality of sense 
ampli?ers, and connected betWeen the line of the ?rst 
internal poWer supply potential and the line of the second 
reference potential to stabiliZe the ?rst internal poWer supply 
potential, and a second capacitor arranged in the neighbor 
hood of the column select circuit, and connected betWeen the 
line of the second internal poWer supply potential and the 
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line of the second reference potential to stabilize the second 
internal poWer supply potential. In this case, the ?rst and 
second internal poWer supply potentials can be stabiliZed. 
Since the ?rst capacitor and the second capacitor are 
arranged in the vicinity of the plurality of sense ampli?ers 
and the column select circuit, respectively, the voltage drop 
can be suppressed effectively With a smaller capacitance 
than the conventional case Where the internal poWer supply 
potential for the sense ampli?er and for the column select 
circuit is generated by one potential generation circuit. 
Accordingly, the layout area can be reduced. 

[0025] Preferably, a plurality of groups of a memory array, 
a plurality of column select gates, a plurality of sense 
ampli?ers and a column select circuit are provided. The 
plurality of groups are arranged in a matrix to form a 
memory mat. The ?rst capacitor is arranged in a distributed 
manner at a plurality of unoccupied regions of the memory 
mat and around the memory mat. In this case, the unoccu 
pied region at the surface of the chip can be used effectively 
to alloW reduction of the layout area. 

[0026] Preferably, the second potential generation circuit 
is provided in the proximity of the column select circuit. 
Here, the current supply capability of the second potential 
generation circuit can be reduced since the voltage drop 
caused by the Wiring betWeen the second potential genera 
tion circuit and the column select circuit can be reduced. 
Also, the capacitance of the capacitor to stabiliZe the second 
internal poWer supply potential can be reduced. Thus, the 
layout area can be reduced. 

[0027] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a block diagram shoWing a structure of an 
eDRAM according to a ?rst embodiment of the present 
invention. 

[0029] FIG. 2 is a circuit diagram shoWing a structure of 
a VDC 1a of FIG. 1. 

[0030] FIG. 3 is a circuit diagram shoWing a structure of 
a VDC 2a of FIG. 1. 

[0031] FIG. 4 is a circuit block diagram shoWing the main 
part of the memory mat of FIG. 1. 

[0032] FIG. 5 is a timing chart representing through 
current I of the VDC in a read (Write) operation of the 
eDRAM of FIGS. 1-4. 

[0033] FIG. 6 is a block diagram shoWing the main part of 
an eDRAM according to a second embodiment of the 
present invention. 

[0034] FIG. 7 is a timing chart representing through 
current I of the VDC of the eDRAM of FIG. 6. 

[0035] FIG. 8 is a block diagram shoWing the main part of 
an eDRAM according to a third embodiment of the present 
invention. 

[0036] FIG. 9 is a circuit diagram shoWing a structure of 
a VDC 35a of FIG. 8. 
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[0037] FIG. 10 is a timing chart representing through 
current I of the VDC of the eDRAM of FIGS. 8 and 9. 

[0038] FIGS. 11 and 12 shoW the layout of an eDRAM 
according to a fourth embodiment and a ?fth embodiment, 
respectively, of the present invention. 

[0039] FIG. 13 is a block diagram shoWing a structure of 
the memory mat of FIG. 12. 

[0040] FIG. 14 shoWs the layout of an eDRAM according 
to a sixth embodiment of the present invention. 

[0041] FIG. 15 is a block diagram shoWing the main part 
of an eDRAM according to a seventh embodiment of the 
present invention. 

[0042] FIG. 16 is a circuit diagram shoWing a structure of 
the buffer of FIG. 15. 

[0043] FIG. 17 is a block diagram shoWing the main part 
of an eDRAM according to an eighth embodiment of the 
present invention. 

[0044] FIG. 18 is a circuit diagram shoWing a structure of 
the ?lter of FIG. 17. 

[0045] FIG. 19 is a circuit block diagram shoWing the 
main part of a conventional DRAM. 

[0046] FIG. 20 is a block diagram shoWing a structure of 
a conventional eDRAM. 

[0047] FIG. 21 is a circuit diagram shoWing a structure of 
the VDC of FIG. 20. 

[0048] FIG. 22 is a timing chart representing through 
current I of the VDC of the eDRAM shoWn in FIGS. 20 and 
21. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] First Embodiment 

[0050] FIG. 1 is a block diagram shoWing a structure of an 
eDRAM according to a ?rst embodiment of the present 
invention. Referring to FIG. 1, the eDRAM of the ?rst 
embodiment includes VDC 1a-1a', VDC 2a-2d, a memory 
mat 3, a roW decoder 4, a column decoder 5, a data 
input/output buffer 6, and a control circuit 7. Memory mat 3 
includes a plurality of sense ampli?er bands SA and a 
plurality of memory arrays MA. 

[0051] Each of VDC 1a-1a' is rendered active in response 
to a VDC activation signal VDCON and/or an active com 
mand signal (PACT to doWn-convert an external poWer 
supply potential EXVCC to generate an internal poWer 
supply potential VCCS, Which is applied to sense ampli?er 
band SA. Each of VDC 2a-2a' is rendered active in response 
to VDC activation signal VDCON to doWn-convert external 
poWer supply potential EXVCC to generate an internal 
poWer supply potential VCCI, Which is applied to column 
decoder 5. 

[0052] More speci?cally, VDC 1a includes P channel 
MOS transistors 10-13 and N channel MOS transistors 
14-17, as shoWn in FIG. 2. MOS transistors 10, 11, and 
14-17 form a differential ampli?er 18. P channel MOS 
transistors 10 and 11 are connected betWeen the line of 
external poWer supply potential EXVCC and nodes N10 and 
N11, respectively, and have their gates both connected to 
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node N11. P channel MOS transistors 10 and 11 form a 
current mirror circuit. N channel MOS transistors 14 and 15 
are connected betWeen respective nodes N1 and N11 and 
node N14. N channel MOS transistors 16 and 17 are 
connected in parallel betWeen node N14 and the line of a 
ground potential GND. P channel MOS transistors 12 and 13 
are connected betWeen the line of external poWer supply 
potential EXVCC and nodes N10 and N13 (the gate of N 
channel MOS transistor 15). N channel MOS transistor 14 
receives a reference potential VREF loWer than eXternal 
poWer supply potential EXVCC at its gate. MOS transistors 
12 and 16 receive signal VDCON at their gates. N channel 
MOS transistor 17 receives signal (PACT at its gate. Node 
N13 serves as the output node of VDC 1a. 

[0053] When signals VDCON and (PACT are both at the 
inactivation level of L, P channel MOS transistor 12 is 
rendered conductive and N channel MOS transistors 16 and 
17 are rendered nonconductive. Nodes N10, N11 and N14 
are driven to an H level, and P channel MOS transistor 13 
is rendered nonconductive. Therefore, no current is supplied 
to output node N13. Internal poWer supply potential VCCS 
Will become loWer than reference potential VREF When 
internal poWer supply potential VCCS is used. 

[0054] When signals VDCON and (PACT are both at the 
activation level of H, P channel MOS transistor 12 is 
rendered nonconductive and N channel MOS transistors 16 
and 17 are rendered conductive. Through currents Is1 and 
Is2 How to N channel MOS transistors 16 and 17, respec 
tively. N channel MOS transistor 15 conducts a current of a 
value corresponding to internal poWer supply potential 
VCCS. Since N channel MOS transistor 15 and P channel 
MOS transistor 11 are connected in series and P channel 
MOS transistors 11 and 10 form a current mirror circuit, 
current of the same value will flow to MOS transistors 15, 
11 and 10. 

[0055] In the case Where internal poWer supply potential 
VCCS is loWer than reference potential VREF, the currents 
?oWing to MOS transistors 15, 11 and 10 become smaller 
than the current ?oWing to MOS transistor 14, Whereby node 
N10 is driven to an L level. P channel MOS transistor 13 is 
rendered conductive, Whereby charge is supplied to output 
node N13 to cause increase of internal poWer supply poten 
tial VCCS. In the case Where internal poWer supply potential 
VCCS is higher than reference potential VREF, the currents 
?oWing to MOS transistors 15, 11 and 10 become greater 
than the current ?oWing to MOS transistor 14, Whereby node 
N10 is driven to an H level. P channel MOS transistor 13 is 
rendered nonconductive so that the supply of charge to 
output node N13 is ceased. Accordingly, internal poWer 
supply potential VCCS falls. Therefore, internal poWer 
supply potential VCCS is maintained at the level of refer 
ence potential VREF. In this case, the response of VDC 1a 
With respect to the change in internal poWer supply potential 
VCCS is increased since great through currents Is1+Is2 ?oW. 

[0056] In the case Where signals VDCON and (PACT attain 
an H level and an L level, respectively, N channel MOS 
transistor 16 is rendered conductive and MOS transistors 12 
and 13 are rendered nonconductive. Here, P channel MOS 
transistor 13 is rendered conductive When internal poWer 
supply potential VCCS is loWer than reference potential 
VREF. When internal poWer supply potential VCCS is 
higher than reference potential VREF, P channel MOS 
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transistor 13 is rendered nonconductive, Whereby internal 
poWer supply potential VCCS is maintained at the level of 
reference potential VREF. It is to be noted that, since a small 
through current Is1 (Where Is1<Is2) is conducted, the 
response of VDC 1a With respect to the change in internal 
poWer supply potential VCCS is degraded. HoWever, current 
consumption at VDC 1a is reduced. Since signal VDCON is 
driven to an H level in response to signal (PACT pulled up 
to an H level, signals VDCON and (PACT Will not be driven 
to an L level and an H level, respectively. The remaining 
VDC 1b-VDC 1d have a structure identical to that of VDC 
1a. 

[0057] Referring to FIG. 3, VDC 2a includes P channel 
MOS transistors 20-23, N channel MOS transistors 24-26, 
and nodes N20, N21, N23 and N24. MOS transistors 20, 21 
and 24-26 form a differential ampli?er 27. P channel MOS 
transistors 20-23, N channel MOS transistors 24-26 and 
nodes N20, N21, N23 and N24 are connected in a manner 
similar to those of P channel MOS transistors 10-13, N 
channel MOS transistors 14-16 and nodes N10, N11, N13 
and N14 of VDC 1a. Node N23 serves as the output node of 
VDC 2a. 

[0058] In the case Where signal VDCON is at an inacti 
vation level of L, P channel MOS transistor 22 is rendered 
conductive and N channel MOS transistor 26 is rendered 
nonconductive, Whereby VDC 2a is rendered inactive. In the 
case Where signal VDCON attains an activation level of H, 
P channel MOS transistor 22 is rendered nonconductive and 
N channel MOS transistor 26 is rendered conductive, 
Whereby VDC 2a is rendered active. When internal poWer 
supply potential VCCI is loWer than reference potential 
VREF, P channel MOS transistor 23 is rendered conductive. 
When internal poWer supply potential VCCI is higher than 
reference potential VREF, P channel MOS transistor 23 is 
rendered nonconductive, Whereby internal poWer supply 
potential VCCI is maintained at the level of reference 
potential VREF. Since through current Id0 (Id0<Is2) ?oWing 
to N channel MOS transistor 26 is relatively small, the 
response of VDC 2a With respect to the change in internal 
poWer supply potential VCCI is relatively loW. HoWever, 
current consumption at VDC 2a is reduced. The other VDC 
2b-2d have a structure identical to that of VDC 2a. 

[0059] Referring to FIG. 1 again, memory mat 3 includes 
a plurality of sense ampli?er bands SA and a memory array 
MA arranged therebetWeen. Memory array MA includes a 
plurality of memory cells MC arranged in a matriX, a Word 
line WL provided corresponding to each roW, and a pair of 
bit lines BL and /BL provided corresponding to each col 
umn, as shoWn in FIG. 4. Each memory cell MC is of the 
Well knoWn type including an N channel MOS transistor for 
access and a capacitor for information recording. Word line 
WL transmits the output of roW decoder 4 and renders active 
memory cell MC of the selected roW. Bit line pair BL and 
/BL input/output a data signal to/from selected memory cell 
MC. 

[0060] Sense ampli?er band SA includes a pair of data 
input/output lines IO and /IO (IOP), a column select gate 31 
provided corresponding to each column, a sense ampli?er 32 
and a equaliZer 33. Column select gate 31 includes a pair of 
N channel MOS transistors connected betWeen bit line pair 
BL and /BL and data input/output line pair IO, /IO. The pair 
of N channel MOS transistors of each column select gate 31 
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have their gates connected to column decoder 5 via a column 
select line CSL. When column select line CSL is pulled up 
to an H level of selection (internal poWer supply potential 
VSSI) by column decoder 5, the pair of N channel MOS 
transistors conduct, Whereby bit line pair BL and /BL is 
coupled to data input/output line pair IO and /IO. 

[0061] Sense ampli?er 32 ampli?es the small potential 
difference betWeen the pair of bit lines BL and /BL to the 
level of internal poWer supply voltage VCCS in response to 
sense ampli?er activation signals SE and /SE attaining an H 
level and an L level, respectively. Equalizer 33 responds to 
bit line equaliZe signal BLEQ attaining an H level of 
activation to equaliZe the potential of bit line pair BL 
and /BL to the level of a bit line potential VBL (=VCCS/2). 

[0062] Referring to FIG. 1 again, control circuit 7 is 
driven by internal poWer supply potential VCC 
(VCC<EXVCC), and responds to an external control signal 
CNT including a signal of a plurality of bits and an external 
address signal ADD including a signal of a plurality of bits 
to generate various internal signals VDCON, (PACT, . . . to 

provide control of the entire eDRAM, and to generate and to 
provide to roW decoder 4 and column decoder 5 roW address 
signals RAO-RAi and column address signals CAO-CAi. 

[0063] RoW decoder 4 is driven by internal poWer supply 
potential VCCS to select a Word line WL among a plurality 
of Word lines WL according to roW address signals RAO 
RAi to drive the selected Word line WL to an H level of 
selection. Column decoder 5 is driven by internal poWer 
supply potential VCCI to select a column select line CSL 
among the plurality of column select lines CSL according to 
column address signals CAO-CAi to drive the selected 
column select line CSL to an H level of selection. Data 
input/output buffer 6 is coupled to a plurality of data 
input/output line pairs IOP in memory mat 3 to input/output 
data DQ1-DQn (Where n is a natural number) betWeen 
memory mat 3 and an external source. 

[0064] FIG. 5 is a timing chart representing through 
current I of VDC 1a-1a' and VDC 2a-2d in a read (Write) 
operation of the eDRAM of FIGS. 1-4. The operation of this 
eDRAM Will be described hereinafter With reference to FIG. 
5. 

[0065] In a read operation, an active command ACT is 
input by external control signal CNT. Signals VDCON and 
(PACT are both driven to an H level of activation. Accord 
ingly, N channel MOS transistors 16 and 17 of FIG. 2 and 
N channel MOS transistor 26 of FIG. 3 are rendered 
conductive. Through current I becomes I=Id+Iss+Is=(Id0+ 
Is1+Is2)><4. Thus, internal poWer supply potentials VCCS 
and VCCI of high response are generated. Internal poWer 
supply potentials VCCS and VCCI are applied to sense 
ampli?er band SA and column decoder 5, respectively. 

[0066] Then, bit line equaliZe signal BLEQ is pulled doWn 
to an L level, Whereby equaliZer 33 is rendered inactive. As 
a result, equalization of bit line pair BL and /BL stops. Then, 
Word line WL of a roW corresponding to roW address signals 
RAO-RAi is pulled up to an H level of selection by roW 
decoder 4, Whereby the N channel MOS transistor of 
memory cell MC of the selected roW is rendered conductive. 
Accordingly, the potentials of bit lines BL and /BL change 
slightly according to the amount of charge of the capacitor 
in the activated memory cell MC. 
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[0067] Sense ampli?er activation signals SE and /SE are 
then driven to an H level and an L level, respectively, 
Whereby sense ampli?er 32 is rendered active. When the 
potential of bit line BL is only slightly higher than the 
potential of bit line /BL, the potential of bit line BL is pulled 
up to the H level (internal poWer supply potential VCCS) 
and the potential of bit line /BL is pulled doWn to the L level 
(ground potential GND). When the potential of bit line /BL 
is slightly higher than the potential of bit line BL, the 
potential of bit line /BL is pulled up to the H level Whereas 
the potential of bit line BL is pulled doWn to the L level. 
Since the amount of consumed internal poWer supply poten 
tial VCCS is reduced after the potential difference betWeen 
bit lines BL and /BL is ampli?ed to the level of internal 
poWer supply potential VCCS, signal (PACT attains an L 
level of the inactivation level to render N channel MOS 
transistor 17 of FIG. 2 nonconductive. Through current I of 
VDC 1a-1a' and VDC 2a-2a' becomes I=Id+ISS=(Id0+Is1)>< 
4. 

[0068] Immediately before or after signal (PACT attains an 
L level of inactivation, read command READ is input by 
external control signal CNT. Column select line CSL of the 
column corresponding to column address signals CAO-CAi 
is pulled up to the H level (internal poWer supply potential 
VSSI) of selection by column decoder 5, Whereby column 
select gate 31 of that selected column is rendered conduc 
tive. Data Qn of bit line pair BL and /BL of the selected 
column is applied to column select gate 31 and data input/ 
output buffer 6 via data input/output line pair IO and /IO. 
Data Qn is output by data input/output buffer 6 to an external 
source. 

[0069] FolloWing one input of active command ACT, read 
command READ is input once, tWice, or more. “Active 
standby status” refers to the standby status of an input of 
read command READ after signal (PACT attains an L level. 

[0070] When a precharge command PRE is then input by 
external control signal CNT, signal VDCON is pulled doWn 
to an L level of inactivation. N channel MOS transistors 16 
and 17 of FIG. 2 and N channel MOS transistor 26 are 
rendered nonconductive. Through current I is cut off, and 
VDC 1a-1d and VDC 2a-2a' are rendered inactive. Word line 
WL at the selected level of H is pulled doWn to an L level 
of nonselection, Whereby each memory cell MC correspond 
ing to that Word line WL is rendered inactive. Then, signals 
SE and /SE are driven to an L level and an H level, 
respectively, Whereby sense ampli?er 32 is rendered inac 
tive. Also, signal BLEQ is driven to an L level, Whereby 
equaliZer 33 is rendered active to equaliZe each bit line pair 
BL and /BL to the level of bit line potential VBL. 

[0071] In a Write operation, ?rst an active command ACT 
is input by external control signal CNT to cause through 
current I to become I=(Id0+Is1+Is2)><4 for predetermined 
time and then to I=(Id0+Is1)><4, likeWise the read operation. 
During this period, one Word line WL is driven to an H level 
of selection. Sense ampli?er 32 is rendered active, and the 
potential difference betWeen each bit line pair BL and /BL is 
ampli?ed to the level of internal poWer supply voltage 
VCCS. 

[0072] Immediately before or after signal (PACT is driven 
to an L level of inactivation, Write command WRT is input 
by external control signal CNT. Column select line CSL of 
the column corresponding to column address signals CAO 
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CAi is pulled up to an H level of selection by column 
decoder 5, Whereby column select gate 31 of that column is 
rendered conductive. 

[0073] Data input/output buffer 6 provides externally 
applied Write data Dn to bit line pair BL and /BL of the 
selected column via data input/output line pair IOP. Write 
data Dn is applied as the potential difference betWeen bit 
lines BL and /BL. The capacitor of the selected memory cell 
MC stores charge of an amount corresponding to the poten 
tial of bit line BL or /BL. Then, column select line CSL at 
the H level of selection is driven to an L level of nonselec 
tion. Thus, one data Writing ends. 

[0074] FolloWing one input of active command ACT, 
Write command WRT is input once, tWice, or more. “Active 
standby status” refers to a standby status of an input of Write 
command WRT after signal (PAXT attains an L level. 

[0075] When precharge command PRE is then input by 
external control signal CNT, VDC 1a-1d and VDC 2a-2d are 
rendered inactive. Word line WL at the H level of selection 
is rendered to an L level of nonselection. Sense ampli?er 32 
is rendered inactive, and equaliZer 33 is rendered active. 
Thus, the Write operation ends. 

[0076] In the ?rst embodiment of the present invention, 
VDC 1a-1a' for sense ampli?er band SA and VDC 2a-2d for 
column decoder 5 are provided separately. The through 
current of differential ampli?er 18 of VDC 1a-1d is set 
maXimum during the period of time corresponding to the 
amplify operation of sense ampli?er 32, and set minimum 
during the remaining period. Therefore, the through currents 
of VDC 1a-1a' and VDC 2a-2d 5 can be reduced in average 
than the conventional case Where the through current of 
differential ampli?er 97 of VDC 81a-81a' is set to a constant 
value required for the amplify operation of the sense ampli 
?er. Thus, poWer consumption of the eDRAM can be 
reduced. 

[0077] Second Embodiment 

[0078] FIG. 6 is a block diagram shoWing the main part of 
an eDRAM according to a second embodiment of the 
present invention. FIG. 6 is comparable With the upper 
region of FIG. 1. The eDRAM of FIG. 6 differs from the 
eDRAM of FIGS. 1-5 in that a signal (PRW is applied to the 
gate of N channel MOS transistor 26 of VDC 2a-2c instead 
of signal VDCON. Signal (PRW attains an H level of 
activation during the period Where read command READ is 
input and one read operation is carried out and also during 
the period Where Write command WRT is input and one Write 
operation is carried out. 

[0079] FIG. 7 is a timing chart representing through 
current I of VDC 1a-1a' and VDC 2a-2d of the present 
eDRAM. Upon input of active command ACT, signals 
VDCON and (PACT both attain an H level of activation. The 
through currents of VDC 1a-1a' become (Is1+Is2)><4=Iss+Is 
and the through current of VDC 2d becomes Id0. The total 
through current I of VDC 1a-1d and VDC 2a-2d becomes 

I=Id0+(Is1+Is2)><4=Id0+Iss+Is. 
[0080] When read command READ or Write command 
WRT is input here, signal (PRW attains an H level of 
activation, Whereby VDC 2a-2c are rendered active. Total 
through current I of VDC 1a-1d and VDC 2a-2d becomes 
I=(Id0+Is1+Is2)><4=Id+Iss+Is. In an active standby status, 
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signals ACT and (PRW both attain an L level. The through 
currents of VDC 1a-1a' become Is1><4=Iss and through 
current Id0 ?oWs to VDC 2d alone out of VDC 2a-2a'. Total 
through current Ias of VDC 1a-1d and VDC 2a-2d becomes 
Ias=Id0+Is1><4=Id0+Iss. The remaining structure and opera 
tion are similar to those of the eDRAM of the ?rst embodi 
ment. Therefore, description thereof Will not be repeated. 

[0081] In the second embodiment, four VDC 2a-2d are 
provided for column decoder 5 Which are all rendered active 
only during the period of time required for the column select 
operation of column decoder 5. In the remaining period, 
only one VDC 2a' is rendered active. Therefore, the average 
value of the through currents of VDC 2a-2a' can be reduced 
than in the case of the ?rst embodiment Where four VDC 
2a-2d are rendered active/inactive simultaneously. 

[0082] Third Embodiment 

[0083] FIG. 8 is a block diagram shoWing the main part of 
an eDRAM according to a third embodiment of the present 
invention. FIG. 8 is comparable With the upper region of 
FIG. 1. The eDRAM of the third embodiment of FIG. 8 
differs from the eDRAM of the ?rst embodiment in that 
VDC 35a-35a' are provided instead of VDC 2a-2d. 

[0084] Referring to FIG. 9, VDC 35a has N channel MOS 
transistor 26 of VDC 2a replaced With N channel MOS 
transistors 36 and 37. MOS transistors 20, 21, 24, 25, 36 and 
37 form a differential ampli?er 38. N channel MOS tran 
sistors 36 and 37 are connected in parallel betWeen a node 
N24 and the line of ground potential GND, and receive 
signals VDCON and (PRW, respectively, at their gates. In 
response to signal VDCON attaining an H level of activa 
tion, N channel MOS transistor 36 conducts, Whereby 
through current Id1 ?oWs to N channel MOS transistor 36. 
In response to signal (PRW attaining an H level of activation, 
N channel MOS transistor 37 conducts, Whereby through 
current Id2 ?oWs to N channel MOS transistor 37. The 
remaining VCD 35b-35a' have a structure similar to that of 
VDC 35a. 

[0085] FIG. 10 is a timing chart representing through 
current I of VDC 1a-1a' and VDC 35a-35d. Upon input of 
active command ACT, signals VDCON and (PACT both 
attain an H level of activation. The through currents of VDC 
1a-1a' become (Is1+Is2)><4=Iss+Is and the through currents 
of VDC 35a-35a' become Id1><4=Ids. Therefore, the total 
through current I of VDC 1a-1d and VDC 35a-35a' becomes 

I=(Id1+Is1+Is2)><4=Ids+Iss+Is. 
[0086] When read command READ or Write command 
WRT is input here, signal (PRW attains an H level of 
activation. The through currents of VDC 35a-35a' become 
(Id1+Id2)><4=Ids+Id. Therefore, the total through current I 
of VDC 1a-1d and VDC 35a-35a' becomes I=(Id1+Id2+Is1+ 
Is2)><4=Ids+Id+Iss+Is. In an active standby status, signals 
(PACT and (PRW both attain an L level. The through currents 
of VDC 1a-1a' become Is1><4=Iss. The through currents of 
VDC 35a-35a' become Id1><4=Ids. Therefore, the total 
through current Ias of VDC 1a-1d and VDC 35a-35a' 
becomes Ias=Ids+Iss. 

[0087] In the present third embodiment, the through cur 
rent of differential ampli?er 35 of VDC 35a-35a' for column 
decoder 5 is set maXimum only during the period of time 
corresponding to the column select operation of column 
decoder 5, and set minimum at other times. Therefore, the 








