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(57) ABSTRACT 
A semiconductor memory device, Which refreshes memory 
cells to retain data, has a ?rst refresh mode and a second 
refresh mode. The ?rst refresh mode is a mode for refreshing 
all of the memory cells, and the second refresh mode is a 
mode for refreshing a part of the memory cells. By refresh 
ing only designated areas Where data must be retained, 
poWer consumption in a refresh operation can be reduced, 
drastically cutting poWer consumption in a poWer-doWn 
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SEMICONDUCTOR MEMORY DEVICE CAPABLE 
OF REDUCING POWER CONSUMPTION IN 

SELF-REFRESH OPERATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device and, more particularly, to a dynamic semi 
conductor memory device Which requires periodic refresh 
ing to retain memory cell contents. 

[0003] 2. Description of the Related Art 

[0004] With advances in semiconductor manufacturing 
technology, the packing density and storage capacity of 
dynamic semiconductor memory devices such as DRAMs 
(Dynamic Random Access Memories) have been increasing 
in recent years. In such semiconductor memory devices, a 
refresh operation in active mode is performed based on an 
externally applied refresh command, While a refresh opera 
tion in poWer doWn mode is performed by generating a clock 
using an oscillator or the like internal to the device, and the 
addresses of the memory cells to be refreshed are automati 
cally generated by a refresh address counter incorporated in 
the device. 

[0005] These prior art DRAMs (or SDRAMs: Synchro 
nous DRAMs) have been con?gured to refresh all the 
memory cells in the refresh operation, Whether the device is 
in the active mode or in the poWer doWn mode. 

[0006] HoWever, there are some applications in Which the 
amount of information handled at a time is large but the 
amount of information that must be retained continuously is 
small, and consequently, there are many cases in Which the 
data only in selected memory cells in the DRAM need to 
retained When in the poWer doWn state. 

[0007] Speci?cally, in battery poWered portable terminals 
(for eXample, portable telephones), in many cases, if only 
part of the data in the poWer-on state can be retained, all the 
other information need not be retained When in the poWer 
doWn state. HoWever, since the prior art dynamic semicon 
ductor memory device is con?gured to refresh all the 
memory cells in the DRAM, it has been dif?cult to further 
reduce the poWer consumption in the poWer doWn mode. 
The need for reducing the poWer consumption is demanded 
not only for battery poWered portable terminals but also for 
various other appliances that use dynamic semiconductor 
memory devices. 

[0008] The prior art and its associated problem Will be 
described later, in detail, With reference to accompanying 
draWings. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
semiconductor memory device that reduces its poWer con 
sumption in refresh operation and drastically cuts its poWer 
consumption in poWer doWn mode by refreshing necessary 
areas only. 

[0010] According to the present invention, there is pro 
vided a semiconductor memory device refreshing memory 
cells to retain data, comprising a ?rst refresh mode for 
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refreshing all of the memory cells; and a second refresh 
mode for refreshing a part of the memory cells. 

[0011] The semiconductor memory device may further 
comprise a refresh address register for storing address 
information designating the memory cells to be refreshed in 
the second refresh mode. The refresh address register may 
be provided as part of a mode register. 

[0012] The semiconductor memory device may further 
comprise a refresh address counter for generating a refresh 
address; and a comparator for comparing the refresh address 
With the information stored in the refresh address register 
Wherein, in the ?rst refresh mode, refreshing may be per 
formed at each refresh address generated by the refresh 
address counter and, in the second refresh mode, refreshing 
may be performed in accordance With the comparison result 
output from the comparator. 

[0013] The semiconductor memory device may further 
comprise a refresh address counter for generating a refresh 
address, Wherein in the ?rst refresh mode, refreshing may be 
performed at each refresh address generated by the refresh 
address counter and, in the second refresh mode, a count 
range Within Which the refresh address counter generates the 
refresh address may be limited in accordance With the 
information stored in the refresh address register. 

[0014] The information stored in the refresh address reg 
ister may include a minimum value de?ning an address 
range Within Which refreshing is performed in the second 
refresh mode. The information stored in the refresh address 
register may include a maXimum value de?ning an address 
range Within Which refreshing is performed in the second 
refresh mode. 

[0015] The information stored in the refresh address reg 
ister may include a minimum value and a maXimum value 
de?ning an address range Within Which refreshing is per 
formed in the second-refresh mode. The information stored 
in the refresh address register may include a count of the 
number of refresh operations required to refresh all of the 
memory cells designated to be refreshed in the second 
refresh mode. 

[0016] The information stored in the refresh address reg 
ister may include an initial value to be set in the refresh 
address counter. The initial value to be set in the refresh 
address counter may be a minimum value or a maXimum 
value de?ning an address range Within Which refreshing is 
performed. 

[0017] The information stored in the refresh address reg 
ister may include an initial value to be set in the refresh 
address counter and a count of the number of refresh 
operations required to refresh all of the memory cells 
designated to be refreshed in the second refresh mode. The 
initial value to be set in the refresh address counter may be 
a minimum value or a maXimum value de?ning an address 
range Within Which refreshing is performed. The semicon 
ductor memory device may further comprise a plurality of 
memory cell blocks and the information stored in the refresh 
address register may include address information for select 
ing a memory cell block to be refreshed in the second refresh 
mode. 

[0018] The semiconductor memory device may further 
comprise a refresh address counter for counting a ?rst 
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refresh address; and a refresh address generator for gener 
ating a second refresh address based on at least part of the 
output of the refresh address counter and on the information 
stored in the refresh address register, Wherein, in the ?rst 
refresh mode, refreshing may be performed at the ?rst 
refresh address and, in the second refresh mode, refreshing 
may be performed at the second refresh address. The refresh 
address generator may include a selector. The semiconduc 
tor memory device may further comprise a plurality of 
memory cell blocks and the information stored in the refresh 
address register may include address information for select 
ing a memory cell block to be refreshed in the second refresh 
mode. 

[0019] In the ?rst refresh mode, refreshing may be per 
formed in synchronism With an external timing signal, and 
in the second refresh mode, refreshing may be performed in 
synchronism With an internally generated clock. The fre 
quency of refresh operation in the second refresh mode may 
be varied in accordance With the number of memory cells 
designated by the information stored in the refresh address 
register as the memory cells to be refreshed. The second 
refresh mode may be a mode for performing self refresh on 
memory cells When in a poWer doWn state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The present invention Will be more clearly under 
stood from the description of the preferred embodiments as 
set forth beloW With reference to the accompanying draW 
ings, Wherein: 

[0021] FIG. 1 is a block diagram shoWing one example of 
a prior art semiconductor memory device; 

[0022] FIG. 2 is a block diagram shoWing a ?rst embodi 
ment of a semiconductor memory device according to the 
present invention; 

[0023] FIG. 3 is a diagram for explaining self-refresh 
operation in the semiconductor memory device of FIG. 2; 

[0024] FIG. 4 is a block diagram shoWing a second 
embodiment of a semiconductor memory device according 
to the present invention; 

[0025] FIG. 5 is a diagram for explaining self-refresh 
operation in the semiconductor memory device of FIG. 4; 

[0026] FIG. 6 is a block diagram shoWing a third embodi 
ment of a semiconductor memory device according to the 
present invention; 

[0027] FIG. 7 is a block diagram shoWing a fourth 
embodiment of a semiconductor memory device according 
to the present invention; and 

[0028] FIG. 8 is a block diagram shoWing a ?fth embodi 
ment of a semiconductor memory device according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Before proceeding to a detailed description of the 
semiconductor memory device of the present invention, a 
prior art semiconductor memory device and its associated 
problem Will be described ?rst With reference to FIG. 1. 
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[0030] FIG. 1 is a block diagram shoWing one example of 
the prior art semiconductor memory device; here, the con 
?guration of a refresh circuit in a synchronous DRAM 
(SDRAM) is shoWn. In FIG. 1, reference numeral 101 is a 
clock buffer (CLK buffer), 102 is a command decoder, 103 
is an address buffer, 104 is a refresh control circuit, 105 is 
an oscillator (OSC), and 106 is a mode register. Further, 
reference numeral 107 is a refresh address counter, 108 is a 
RAS-related control circuit, 109 is a DRAM core, 110 is a 
selector, and 111 is an address latch. 

[0031] In the prior art SDRAM (semiconductor memory 
device) shoWn in FIG. 1 and When, in an active mode, an 
external refresh command (AUTO REFRESH) is input, the 
command decoder 102 issues a refresh command signalAR1 
to the refresh control circuit 104 Which, based on the refresh 
command signal AR1, generates a refresh control signal 
REF1. Here, chip select signal /CS, roW address strobe 
signal /RAS, column address strobe signal /CAS, and Write 
enable signal /WE are input to the command decoder 102, 
and clock CLK and clock enable signal CKE are input to the 
CLK buffer 101, While address signals A0 to Ak are input to 
the address buffer 103. The refresh command (AUTO 
REFRESH) here is externally supplied, for example, as a 
combination of the clock enable signal CKE, roW address 
strobe signal /RAS, etc. 

[0032] The refresh address counter 107 is con?gured as a 
counter Which counts up the address by one each time the 
refresh control signal REF1 is input, and automatically 
generates a refresh address ADR1 for every input of the 
refresh control signal REF1. The refresh control signal 
REF1 is also supplied to the selector 110; When the refresh 
control signal REF1 is input, the selector 110 selects the 
refresh address ADR1 output from the refresh address 
counter 107, otherWise (When the refresh control signal 
REF1 is not input) it selects an externally supplied address 
AD1 delivered from the address buffer 103, and Whichever 
address is selected is passed to the address latch 111. 

[0033] The refresh control signal REF1 is also supplied to 
the RAS-related control circuit 108 Which thereupon 
refreshes the memory cells connected to the Word line in the 
DRAM core 109 Which is selected by the output of the 
address latch 111. To retain the contents of all the memory 
cells in the DRAM core 109, the refresh operation is 
repeated by entering the refresh command a predetermined 
number of times Within a predetermined period of time. 

[0034] To implement the poWer doWn mode, When an 
external self-refresh command (SELF REFRESH) is applied 
during the active mode, the command decoder 102 issues a 
self-refresh command signal SR1, and the device (semicon 
ductor memory device) is placed in the poWer doWn mode. 
Self refresh here means the poWer doWn mode in Which a 
refresh operation is continued. 

[0035] When the self-refresh command signal SR1 is 
input, the refresh control circuit 104 issues a control signal 
SR2 to activate the oscillator (OSC) 105, and periodically 
generates the refresh control signal REF1 based on the clock 
signal generated by the oscillator 105. The operation of the 
selector 110, RAS-related control circuit 108, etc. is the 
same as the refresh operation in the active mode described 
above, and the description Will not be repeated here. 

[0036] The mode register 106 accepts outputs from the 
command decoder 102 and the address buffer 103, and stores 
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information de?ning, for example, a burst length in the burst 
mode of the SDRAM, a latency from the input of a com 
mand to the output of data, etc. 

[0037] As described above, the prior art dynamic semi 
conductor memory device (SDRAM) is con?gured to 
refresh all the memory cells in the DRAM core 109 in the 
refresh operation, Whether the device is in the active mode 
or in the poWer doWn mode. 

[0038] HoWever, there are some applications in Which the 
amount of information handled at a time is large but the 
amount of information that must be retained continuously is 
small, and consequently, there are many cases in Which the 
data in only selected memory cells in the DRAM core 109 
must be retained in the poWer doWn state. Speci?cally, in 
battery poWered portable terminals (for example, portable 
telephones), in many cases, if only part of the data in the 
poWer-on state can be retained, all other information need 
not be retained When in the poWer doWn state. 

[0039] HoWever, since the prior art dynamic semiconduc 
tor memory device is con?gured to refresh all the memory 
cells in the DRAM core 109, it has been dif?cult to further 
reduce the poWer consumption (for example, several hun 
dred microamperes) in the poWer doWn mode. Speci?cally, 
in battery poWered portable terminals and the like, since the 
poWer consumption in the poWer doWn mode directly affects 
the continuous standby time, for example, it is very impor 
tant to reduce the poWer consumption in the poWer doWn 
mode. The need for reducing the poWer consumption is in 
demand not only for battery poWered portable terminals but 
also for various other appliances that use dynamic semicon 
ductor memory devices. 

[0040] Embodiments of the semiconductor memory 
device according to the present invention Will be described 
in detail beloW With reference to the accompanying draW 
ings. 
[0041] FIG. 2 is a block diagram shoWing a ?rst embodi 
ment of the semiconductor memory device according to the 
present invention; here, the con?guration of a refresh circuit 
in a synchronous DRAM (SDRAM) is shoWn. In FIG. 2, 
reference numeral 1 is a clock buffer (CLK buffer), 2 is a 
command decoder, 3 is an address buffer, 4 is a refresh 
control circuit, 5 is an oscillator (OSC), and 6 is a mode 
register. Further, reference numeral 7 is a refresh address 
counter, 8 is a RAS-related control circuit, 9 is a DRAM 
core, 10 is a selector, 11 is an address latch, 12 is a 
comparator, and 13 is an AND gate. 

[0042] As is apparent from a comparison betWeen the 
semiconductor memory device of the ?rst embodiment of 
the present invention shoWn in FIG. 2 and the prior art 
semiconductor memory device shoWn in FIG. 1, the ?rst 
embodiment differs from the prior art of FIG. 1 by the 
inclusion of the comparator 12, the AND gate 13, and a 
refresh address register 61 as part of the mode register 6. 

[0043] More speci?cally, in the SDRAM (semiconductor 
memory device) of the ?rst embodiment shoWn in FIG. 2, 
the refresh address register 61 stores a maximum value and 
a minimum value de?ning the address range of the memory 
cells to be self-refreshed (or a block select address for 
selecting the memory cell block to be self-refreshed in the 
DRAM core 9). The minimum and maximum values stored 
in the refresh address register 61 are supplied to the com 
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parator 12 for comparison With ADR1 output from the 
refresh address counter. In the ?rst embodiment, the refresh 
address register 61 is con?gured as the same register as the 
mode register 6 (incorporated in the mode register 6), and is 
set up, for example, by external command signals (/CS, 
/RAS, /CAS, /W E) and address signals (A0 to Ak) during the 
setting up of the mode register after poWer on; alternatively, 
the register may be set up using masks at the time of chip 
manufacture or may be programmed using laser fuses or the 
like, or the setting may be changed by changing Wire 
bonding accordingly. 

[0044] The comparator 12 compares the refresh address 
ADR1 generated by the refresh address counter 7 With the 
contents of the refresh address register 61 (the minimum and 
maximum values of the addresses of the memory cells to be 
self-refreshed) and, When they match (that is, When it is 
detected that the address falls Within the self-refresh address 
range), sets its output signal CMP to the high level “H”. That 
is, in the self-refresh mode, the comparator 12 is activated by 
the self-refresh control signal SR2 and compares the 
addresses; at other times in the self-refresh mode, the output 
CMP is held to the loW level “L”. 

[0045] FIG. 3 is a diagram for explaining the self-refresh 
operation in the semiconductor memory device of FIG. 2. 

[0046] As shoWn in FIG. 3, the comparator 12 compares 
the minimum value Am and maximum value An, stored in 
the refresh address register 61 and de?ning the address range 
of the memory cells for self refresh, With the refresh address 
ADR1 (A0 to Ak) generated by the refresh counter 7; Within 
the matching address range of Am to An, the output signal 
CMP is raised to the high level “H”, and self refresh is 
performed, but Within non-matching address ranges of A0 to 
Am-l and An+1 to Ak, the output signal CMP is held to the 
loW level “L”, and self refresh is not performed. 

[0047] More speci?cally, When the input signal (output 
signal of the comparator 12) CMP to the AND gate is at the 
high level “H”, the refresh control signal REF2 output from 
the refresh control circuit 4 is supplied as a refresh control 
signal REF1 to the RAS-related control circuit 8 and the 
selector 10, and self refresh is performed only on the 
memory cells Within the self-refresh address range of Am to 
An. 

[0048] On the other hand, in the active mode, as in the 
prior art semiconductor memory device described With 
reference to FIG. 1, When an external refresh command 
(AUTO REFRESH) is input, the command decoder 2 issues 
a refresh command signal AR1 to the refresh control circuit 
4 Which, based on the refresh command signal AR1, gen 
erates the refresh control signal REF2. Here, the chip select 
signal ICS, roW address strobe signal /RAS, column address 
strobe signal /CAS, and Write enable signal /W E are input to 
the command decoder 2, and the clock CLK and clock 
enable signal CKE are input to the CLK buffer 1, While the 
address signals A0 to Ak are input to the address buffer 3. 
The refresh command (AUTO REFRESH) here is externally 
supplied, for example, as a combination of the clock enable 
signal CKE, roW address strobe signal /RAS, etc. 

[0049] The refresh address counter 7 is con?gured as a 
counter Which counts up the address by one each time the 
refresh control signal REF2 is input, and automatically 
generates the refresh address ADR1 for every input of the 
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refresh control signal REF2. The refresh control signal 
REF2 is also supplied to the AND gate 13 Which ANDs it 
With the output CMP of the comparator 12 and supplies the 
refresh control signal REF1 to the RAS-related control 
circuit 8 and the selector 10. Here, the output CMP of the 
comparator 12 is held to the loW level “L”, except during the 
self-refresh operation. 

[0050] To implement the poWer-doWn mode, When an 
external self-refresh command (SELF REFRESH) is applied 
during the active mode, the command decoder 2 issues a 
self-refresh command signal SR1, and the device is placed 
in the poWer doWn mode; the refresh control circuit 4 then 
issues the control signal SR2 to activate the oscillator (OSC) 
5 and, based on the clock signal generated by the oscillator 
5, periodically generates the refresh control signal REF2 
Which is supplied to the refresh address counter 7 and the 
AND gate 13. 

[0051] The refresh control signal REF1 is supplied to the 
selector 10; When the refresh control signal REF1 is input, 
the selector 10 selects the refresh address ADR1 output from 
the refresh address counter 7, otherWise (When the refresh 
control signal REF1 is not input) it selects an externally 
supplied address AD1 delivered from the address buffer 3, 
and Whichever address is selected is passed to the address 
latch 11. The refresh control signal REF1 is also supplied to 
the RAS-related control circuit 8 Which thereupon refreshes 
the memory cells connected to the Word line in the DRAM 
core 9 Which is selected by the output of the address latch 11. 

[0052] According to the ?rst embodiment of the present 
invention, address information designating the memory cells 
to be self-refreshed in the poWer doWn mode is externally 
loaded into the refresh address register 61, and self refresh 
is performed (to refresh only the area Where data needs to be 
retained) only When the address generated by the refresh 
address counter 7 falls Within the address range speci?ed by 
the refresh address register 61. This contributes to reducing 
the poWer consumption in refresh operation. 

[0053] FIG. 4 is a block diagram shoWing a second 
embodiment of the semiconductor memory device accord 
ing to the present invention, and FIG. 5 is a diagram for 
explaining the self-refresh operation in the semiconductor 
memory device of FIG. 4. 

[0054] The second embodiment shoWn in FIG. 4 achieves 
a further reduction in poWer consumption by imposing a 
restriction on the operation of the refresh address counter 7 
(7a) Which Was constantly kept operating in the ?rst embodi 
ment shoWn in FIG. 2. In FIG. 4, reference numeral 6a is 
a mode register, 61a is a refresh address register, 611 is a 
register for storing a refresh address minimum value, 612 is 
a register for storing a refresh address maximum value, 7a 
is a refresh address counter, 12a is a comparator, and 121 is 
an OR gate. 

[0055] As shoWn in FIG. 4, in the second embodiment, the 
refresh address minimum value (611) stored in the refresh 
address register 61a is supplied directly to the refresh 
address counter 7a, While the refresh address maximum 
value (612) stored in the refresh address register 61a is 
supplied to the comparator 12a. The output signal CMP of 
the comparator 12a and the self-refresh control signal SR3 
output from the refresh control circuit 4 are ORed by the OR 
gate 121 and supplied as a set signal SET to the refresh 
address counter 7a. 
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[0056] In the second embodiment, When the self-refresh 
mode is entered, ?rst the self-refresh control signal (pulse 
signal) SR3 is issued (one pulse is output) and applied to the 
OR gate 121 Which then outputs the set signal SET to the 
refresh address counter 7a, Whereupon the refresh address 
minimum value (611: Am) held in the refresh address 
register 61a is set as the initial value in the refresh address 
counter 7a. Then, self refresh is started, and the refresh 
operation is performed, starting at address Am. When the 
refresh address ADR1 output from the refresh address 
counter 7a reaches the refresh address maximum value (612: 
An) held in the refresh address register 61a, the comparator 
12 produces an output signal (pulse signal) CMP (one pulse 
is output). This signal CMP is supplied via the OR gate as 
the set signal SET to the refresh address counter 7a, Where 
upon the refresh address value in the refresh address counter 
7a is reset to the initial value Thereafter, the above 
operation is repeated. In this Way, the refresh address counter 
7a operates only Within the address range (Am to An) set in 
the refresh address register 61a. 

[0057] In the second embodiment, the refresh address 
register 61a is set up to store the minimum value Am (611) 
and maximum value An (612) of the addresses of the 
memory cells to be self-refreshed, but the register may be 
con?gured to store only the minimum value Am or the 
maximum value An. That is, When only the minimum value 
Am (611) is stored in the refresh address register 61a, self 
refresh is performed Within the address range of Am to Ak, 
While When only the maximum value An (612) is stored in 
the refresh address register 61a, self refresh is performed 
Within the address range of A0 to An. 

[0058] In the refresh operation in the active mode, since 
neither the self-refresh control signal SR3 nor the output 
signal CMP of the comparator 12a is produced, the refresh 
address counter 7a generates addresses for refreshing all the 
memory cells in the DRAM core 9. 

[0059] FIG. 6 is a block diagram shoWing a third embodi 
ment of the semiconductor memory device according to the 
present invention. In FIG. 6, reference numeral 6b is a mode 
register, 61b is a refresh address register, 611 is a register for 
storing a refresh address minimum value, 613 is a register 
for storing a count of the number of refresh operations, 12b 
is a comparator, and 122 is a counter. 

[0060] In the third embodiment shoWn in FIG. 6, a count 
of the number of refresh operations (613) is stored instead of 
the refresh address maximum value (612) stored in the 
refresh address register 61 (61a) in the foregoing ?rst and 
second embodiments. 

[0061] That is, as shoWn in FIG. 6, in the third embodi 
ment, the refresh address maximum value (611: Am) and the 
refresh count (613) are stored in the refresh address register 
61b, and the number of refresh operations (613) is counted 
by the counter 122. 

[0062] More speci?cally, in the third embodiment, in the 
self-refresh mode the refresh address counter 7 generates a 
refresh address ADR1 by counting up, and the comparator 
12b compares the refresh address ADR1 With the refresh 
address minimum value (611: Am) and, When they match, 
produces an output signal CMP. In response to the signal 
CMP, the counter 122 produces an output signal C1 of high 
level “H”, and starts counting the number of occurrences of 
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the refresh control signal REF2 output from the refresh 
control circuit 4; When the number of occurrences matches 
the count information (613) held in the refresh address 
register 61b, the signal C1 is set to the loW level “L”. In this 
Way, the signal REF2 is supplied as the refresh control signal 
REF1 to the RAS-related control circuit 8 and the selector 10 
only during the period that the signal C1 is at the high level 
“H”. In other respects, the con?guration is the same as that 
of the ?rst embodiment shoWn in FIG. 1, and the description 
Will not be repeated here. 

[0063] Alternatively, the refresh address register 61b may 
be con?gured to store a refresh address maXimum value 
instead of the refresh address minimum value (611), and self 
refresh may be performed, starting from the refresh address 
maXimum value until reaching the predetermined refresh 
count (613). 

[0064] FIG. 7 is a block diagram shoWing a fourth 
embodiment of the semiconductor memory device accord 
ing to the present invention. In the fourth embodiment 
shoWn in FIG. 7, the block address of a memory cell block 
to be refreshed in the DRAM core 9 is stored in the refresh 
address register 61c provided as part of the mode register 6c. 

[0065] This embodiment is effective, for eXample, When 
the DRAM core 9 is constructed from a plurality of memory 
cell blocks and When self refresh is applied only to a selected 
memory cell block in the DRAM core 9. In this case, a block 
select address designating the block to be self-refreshed is 
stored in the refresh address register 61c, and the refresh 
address counter 7b is con?gured to separately output the 
high-order bit HB used for block selection and the loW-order 
bit LB used for the selection of a Word line Within the 
designated block. 

[0066] More speci?cally, in the self-refresh mode, When 
the self-refresh control signal SR2 is input from the refresh 
control circuit 4, a selector 14 selects the block select 
address held in the refresh address register 61c for output to 
the selector 10; otherWise, the high-order bit HB output from 
the refresh address counter 7b is selected for output to the 
selector 10. 

[0067] In the ?rst to fourth embodiments of the present 
invention so far described, the number of memory cells for 
self refresh can be varied by setting the refresh address 
register 61 (61a, 61b, 61c) accordingly. That is, in the ?rst 
and second embodiments, it can be varied by changing the 
minimum and maXimum value settings, and in the third 
embodiment, it is only necessary to change the count setting, 
While in the fourth embodiment, provisions should be made 
so that more than one refresh block address can be set. 

[0068] Each memory cell selected for self refresh must be 
refreshed once Within a predetermined interval of time. In 
the ?rst and third embodiment, this can be accomplished by 
designing the oscillator 5 so that the refresh address counter 
7 cycles once Within the predetermined interval of time in 
the self refresh mode, but in the second and fourth embodi 
ments, if the number of memory cells for self refresh 
increases, the time interval at Which any particular memory 
cell is refreshed becomes long. In vieW of this, if the number 
of memory cells for self refresh increase, the frequency of 
occurrence of the refresh control signal REF1 must be 
increased (if the number of memory cells for self refresh 
decreases, the frequency of occurrence of the refresh control 
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signal REF1 should be reduced). An embodiment (?fth 
embodiment) that addresses this is shoWn in FIG. 8. 

[0069] FIG. 8 is a block diagram shoWing the ?fth 
embodiment of the semiconductor memory device accord 
ing to the present invention, in Which reference numeral 51 
is a frequency divider. 

[0070] As shoWn in FIG. 8, in the ?fth embodiment, the 
output of the oscillator 5 is frequency divided by the 
frequency divider 51 before being supplied to the refresh 
control circuit 4. The refresh address register 61c stores 
information on the number of memory cell blocks to be 
self-refreshed, and the divide-by ratio in the frequency 
divider 51 is varied based on this information. More spe 
ci?cally, suppose, for eXample, that the number of memory 
cell blocks to be self-refreshed is 4, 2, and 1, respectively, 
and that the output (frequency) of the frequency divider 51 
When the number of memory cell blocks is 4 is set as the 
reference (unity). Then, the divide-by ratio is set so that the 
frequency is reduced to one half and one quarter of the 
reference frequency When the number of memory cell blocks 
is 2 and 1, respectively. In this Way, since the refresh address 
counter 7, etc. are driven With the loWest necessary fre 
quency, the poWer consumption can be further reduced. 

[0071] The semiconductor memory device of the present 
invention has been described by taking a DRAM (SDRAM) 
as an example, but it Will be appreciated that the present 
invention is equally applicable to various other semiconduc 
tor memory devices, such as SyncLink DRAM and Rambus 
DRAM (RDRAM), that require periodic refreshing to retain 
the contents of memory cells. 

[0072] As described in detail above, according to the 
present invention, a semiconductor memory device is pro 
vided that can reduce poWer consumption in a refresh 
operation and can drastically cut poWer consumption in a 
poWer doWn mode, by refreshing necessary areas only. 

[0073] Many different embodiments of the present inven 
tion may be constructed Without departing from the spirit 
and scope of the present invention, and it should be under 
stood that the present invention is not limited to the speci?c 
embodiments described in this speci?cation, eXcept as 
de?ned in the appended claims. 

What is claimed is: 
1. A semiconductor memory device refreshing memory 

cells to retain data, comprising: 

a ?rst refresh mode for refreshing all of said memory 
cells; and 

a second refresh mode for refreshing a part of said 
memory cells. 

2. Asemiconductor memory device as claimed in claim 1, 
Wherein said semiconductor memory device further com 
prises a refresh address register for storing address infor 
mation designating the memory cells to be refreshed in said 
second refresh mode. 

3. The semiconductor memory device as claimed in claim 
2, Wherein said refresh address register is provided as part of 
a mode register. 

4. The semiconductor memory device as claimed in claim 
2, Wherein said semiconductor memory device further com 
prises: 
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a refresh address counter for generating a refresh address; 
and 

a comparator for comparing the refresh address With the 
information stored in said refresh address register, and 
Wherein: 

in said ?rst refresh mode, refreshing is performed at 
each refresh address generated by said refresh 
address counter, and 

in said second refresh mode, refreshing is performed in 
accordance With a comparison result output from 
said comparator. 

5. The semiconductor memory device as claimed in claim 
4, Wherein the information stored in said refresh address 
register includes a minimum value de?ning an address range 
Within Which refreshing is performed in said second refresh 
mode. 

6. The semiconductor memory device as claimed in claim 
4, Wherein the information stored in said refresh address 
register includes a maXimum value de?ning an address 
range Within Which refreshing is performed in said second 
refresh mode. 

7. The semiconductor memory device as claimed in claim 
4, Wherein the information stored in said refresh address 
register includes a minimum value and a maXimum value 
de?ning an address range Within Which refreshing is per 
formed in said second refresh mode. 

8. The semiconductor memory device as claimed in claim 
4, Wherein the information stored in said refresh address 
register includes a count of the number of refresh operations 
required to refresh all of the memory cells designated to be 
refreshed in said second refresh mode. 

9. The semiconductor memory device as claimed in claim 
4, Wherein the information stored in said refresh address 
register includes an initial value to be set in said refresh 
address counter. 

10. The semiconductor memory device as claimed in 
claim 9, Wherein the initial value to be set in said refresh 
address counter is a minimum value or a maXimum value 
de?ning an address range Within Which refreshing is per 
formed. 

11. The semiconductor memory device as claimed in 
claim 4, Wherein the information stored in said refresh 
address register includes an initial value to be set in said 
refresh address counter and a count of the number of refresh 
operations required to refresh all of the memory cells 
designated to be refreshed in said second refresh mode. 

12. The semiconductor memory device as claimed in 
claim 11, Wherein the initial value to be set in said refresh 
address counter is a minimum value or a maXimum value 
de?ning an address range Within Which refreshing is per 
formed. 

13. The semiconductor memory device as claimed in 
claim 4, Wherein said semiconductor memory device further 
comprises a plurality of memory cell blocks, and Wherein 

the information stored in said refresh address register 
includes address information for selecting a memory 
cell block to be refreshed in said second refresh mode. 

14. The semiconductor memory device as claimed in 
claim 2, Wherein said semiconductor memory device further 
comprises a refresh address counter for generating a refresh 
address, and Wherein: 
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in said ?rst refresh mode, refreshing is performed at each 
refresh address generated by said refresh address 
counter, and 

in said second refresh mode, a count range Within Which 
said refresh address counter generates the refresh 
address is limited in accordance With the information 
stored in said refresh address register. 

15. The semiconductor memory device as claimed in 
claim 14, Wherein the information stored in said refresh 
address register includes a minimum value de?ning an 
address range Within Which refreshing is performed in said 
second refresh mode. 

16. The semiconductor memory device as claimed in 
claim 14, Wherein the information stored in said refresh 
address register includes a maXimum value de?ning an 
address range Within Which refreshing is performed in said 
second refresh mode. 

17. The semiconductor memory device as claimed in 
claim 14, Wherein the information stored in said refresh 
address register includes a minimum value and a maXimum 
value de?ning an address range Within Which refreshing is 
performed in said second refresh mode. 

18. The semiconductor memory device as claimed in 
claim 14, Wherein the information stored in said refresh 
address register includes a count of the number of refresh 
operations required to refresh all of the memory cells 
designated to be refreshed in said second refresh mode. 

19. The semiconductor memory device as claimed in 
claim 14, Wherein the information stored in said refresh 
address register includes an initial value to be set in said 
refresh address counter. 

20. The semiconductor memory device as claimed in 
claim 19, Wherein the initial value to be set in said refresh 
address counter is a minimum value or a maXimum value 
de?ning an address range Within Which refreshing is per 
formed. 

21. The semiconductor memory device as claimed in 
claim 14, Wherein the information stored in said refresh 
address register includes an initial value to be set in said 
refresh address counter and a count of the number of refresh 
operations required to refresh all of the memory cells 
designated to be refreshed in said second refresh mode. 

22. The semiconductor memory device as claimed in 
claim 21, Wherein the initial value to be set in said refresh 
address counter is a minimum value or a maXimum value 
de?ning an address range Within Which refreshing is per 
formed. 

23. The semiconductor memory device as claimed in 
claim 14, Wherein said semiconductor memory device fur 
ther comprises a plurality of memory cell blocks, and 
Wherein 

the information stored in said refresh address register 
includes address information for selecting a memory 
cell block to be refreshed in said second refresh mode. 

24. The semiconductor memory device as claimed in 
claim 2, Wherein said semiconductor memory device further 
comprises: 

a refresh address counter for counting a ?rst refresh 
address; and 

a refresh address generator for generating a second refresh 
address based on at least part of the output of said 
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refresh address counter and on the information stored in 
said refresh address register, and Wherein: 

in said ?rst refresh mode, refreshing is performed at the 
?rst refresh address, and 

in said second refresh mode, refreshing is performed at 
the second refresh address. 

25. The semiconductor memory device as claimed in 
claim 24, Wherein said refresh address generator includes a 
selector. 

26. The semiconductor memory device as claimed in 
claim 24, Wherein said semiconductor memory device fur 
ther comprises a plurality of memory cell blocks, and 
Wherein 

the information stored in said refresh address register 
includes address information for selecting a memory 
cell block to be refreshed in said second refresh mode. 
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27. The semiconductor memory device as claimed in 
claim 1, Wherein, in said ?rst refresh mode, refreshing is 
performed in synchronism With an eXternal timing signal, 
and, 

in said second refresh mode, refreshing is performed in 
synchronism With an internally generated clock. 

28. The semiconductor memory device as claimed in 
claim 27, Wherein the frequency of refresh operation in said 
second refresh mode is varied in accordance With the 
number of memory cells designated by the information 
stored in said refresh address register as the memory cells to 
be refreshed. 

29. The semiconductor memory device as claimed in 
claim 1, Wherein said second refresh mode is a mode for 
performing self refresh on memory cells When in a poWer 
doWn state. 


