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(57) ABSTRACT 

A semiconductor memory device having a self-refresh 
operation includes a ?rst circuit generating a ?rst signal that 
speci?es a ?rst self-refresh cycle by a non-volatile circuit 
element provided in the semiconductor memory device, a 
second circuit receiving a second signal that speci?es a 
second self-refresh cycle via a terminal that is used in 
common to another signal, and a third circuit generating a 
pulse signal having one of the ?rst and second self-refresh 
cycles, the pulse signal being related to the self-refresh 
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OUTPUT OF SELECTOR CIRCUIT 
FREQUENCY 
DIVIDING RATIO 150 151 152 153 154 155 156 

1 H H H H H H H 

2 L H H H H H H 

3 H L H H H H H 

4 L L H H H H H 

24 L L L H L H H 

25 H H H L L H H 

26 L H H L L H H 

127 H L L L L L L 

128 L L L L L L L 
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SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to semicon 
ductor memory devices, and more particularly, to a semi 
conductor memory device of a DRAM (Dynamic Random 
Access Memory) type in Which a self-refresh operation is 
constantly performed Within the memory device. 

[0003] 2. Description of the Related Art 

[0004] Recently, a compact mobile terminal such as a 
cellular phone has collaborated With the Internet and 
handled a large amount of data. This has stimulated a 
large-capacity memory. NoWadays, an SRAM (Static Ran 
dom Access Memory) is employed in the cellular phones 
because of its loW poWer consumption. HoWever, the SRAM 
does not have a high integration density. The larger the 
SRAM capacity, the more expensive the cost. In contrast, the 
DRAM is a loW-cost, high-capacity memory. The DRAM 
and SRAM do not have different command systems. This 
does not alloW the SRAM to be simply interchanged With the 
DRAM. In this case, a major problem arises from a refresh 
operation of the DRAM. Data stored in memory cells of the 
DRAM Will be lost unless the DRAM is periodically 
refreshed. The periodic refresh can be implemented by 
supplying a refresh command to the DRAM from a control 
ler provided outside of the DRAM. HoWever, this Would 
apply a considerable load to the controller. This needs a 
periodic refresh that is spontaneously performed Within the 
DRAM. Such a periodic refresh is called self-refresh. 

[0005] Conventionally, the refresh operation is performed 
at intervals that are set by means of fuses provided Within the 
DRAM. The cycle of self-refresh is selected so that poWer 
consumption can be minimiZed at the time of self-refresh. If 
the cycle of the self-refresh does not have the optimal value, 
poWer Will be uselessly consumed. The cycle de?ned by the 
fuses is ?xed and cannot be changed. The cycle of the 
self-refresh is no longer changed after the settings of fuses. 

[0006] A semiconductor memory device directed to over 
coming the above draWback has been proposed in Japanese 
Laid-Open Patent Application No. 8-315569. In this pro 
posal, a mode register is substituted for fuses. Information 
about the cycle of the self-refresh can be externally Written 
into a timer for use in self-refresh. There is another proposal 
disclosed in Japanese Laid-Open Patent Application No. 
11-345486. According to this proposal, an exclusively used 
pin is provided to Which a control signal for controlling the 
cycle of the self-refresh is externally applied. The control 
signal adjusts the cycle of self-refresh de?ned by the setting 
of fuses provided in the memory device. 

[0007] HoWever, Japanese Laid-Open Patent Application 
No. 8-315569 does not meet a requirement of changing the 
cycle of the self-refresh in the semiconductor memory 
device equipped With the fuses. Japanese Laid-Open Patent 
Application No. 11-345486 meets a requirement of changing 
the cycle of the self-refresh, but needs an increased chip area 
for providing the exclusively used pin to Which the control 
signal is applied. 

SUMMARY OF THE INVENTION 

[0008] It is a general object of the present invention to 
provide a semiconductor memory device in Which the above 
disadvantages are eliminated. 
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[0009] Amore speci?c object of the present invention is to 
provide a semiconductor memory device capable of chang 
ing the cycle of self-refresh from the outside of the device 
Without increasing the chip area although the device 
employs fuses. 

[0010] The above objects of the present invention are 
achieved by a semiconductor memory device having a 
self-refresh operation comprising: 

[0011] a ?rst circuit generating a ?rst signal that speci?es 
a ?rst self-refresh cycle by a non-volatile circuit element 
provided in the semiconductor memory device; a second 
circuit receiving a second signal that speci?es a second 
self-refresh cycle via a terminal that is used in common to 
another signal; and a third circuit generating a pulse signal 
having one of the ?rst and second self-refresh cycles, the 
pulse signal being related to the self-refresh operation. 

BRIEF DESCRIPTION OF THE INVENTION 

[0012] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings, in Which: 

[0013] FIG. 1 is a block diagram of a semiconductor 
memory device according to an embodiment of the present 
invention; 
[0014] FIG. 2 is a block diagram of a con?guration of the 
device shoWn in FIG. 1; 

[0015] FIG. 3 is a circuit diagram of a fuse circuit shoWn 
in FIGS. 1 and 2; 

[0016] FIG. 4A is a circuit diagram of a buffer and a 
selector circuit shoWn in FIG. 2; 

[0017] FIG. 4B is a timing chart of an operation of the 
circuit shoWn in FIG. 4A; 

[0018] FIG. 5 illustrates a relationship betWeen count 
value data supplied to a counter and a frequency dividing 
ratio; 
[0019] FIG. 6A is a circuit diagram of a con?guration of 
the counter; 

[0020] FIG. 6B is a state transition diagram of the counter; 

[0021] FIGS. 7A, 7B and 7C are timing charts of the 
counter; and 

[0022] FIG. 8 is a block diagram of a semiconductor 
memory device according to an embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] FIG. 1 is a block diagram of a semiconductor 
memory device according to an embodiment of the present 
invention. 

[0024] Asemiconductor memory device 10 shoWn in FIG. 
1 includes an address input terminal 11, buffer circuits 12 
and 13, a fuse circuit 14, a count value setting circuit 15, and 
a counter circuit 16. An external address signal 1 is applied 
to the buffer circuit 12 via the address terminal 11. The 
address terminal 11 may be provided so as to outWardly 
extend from a package of the device. The address signal that 
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has passed through the buffer circuit 11 is supplied to an 
internal circuit (not shown) as an address signal 2. Apart of 
the address signal 1 is output to the buffer circuit 13 as an 
address signal 3. The address signal 3 forms data indicative 
of a count value that is to be set in the count value setting 
circuit 15. The count value corresponds to the cycle of 
self-refresh. 

[0025] The buffer circuit 13 is set to an active state or an 
inactive state in accordance With a test signal TEST supplied 
from the outside of the device. The buffer circuit 13 is 
normally in the inactive state, and does not output the 
address signal 3 to the count value setting circuit 15. When 
the buffer circuit 13 is supplied With the test signal TEST, the 
circuit 13 is sWitched to the active state (test mode). Then, 
the buffer circuit 13 outputs the address signal 3 to the count 
value setting circuit 15 as a cycle setting circuit 5. 

[0026] The fuse circuit 14 includes fuses, and outputs a 
count value to be set in the count value setting circuit 15 to 
the circuit 15 as a cycle setting signal 4. 

[0027] The count value setting circuit 15 maintains a count 
value that the counter circuit 16 should count. The count 
value setting circuit 15 receives the test signal TEST eXter 
nally supplied. The count value setting circuit 15 normally 
selects the cycle setting signal 4 from the fuse circuit 14, and 
supplies it to the counter circuit 16. Upon receipt of the test 
signal TEST, the count value setting circuit 15 is sWitched to 
the test mode, and the cycle setting signal 5 from the buffer 
circuit 13 is selected and output to the counter circuit 16. 
When the count value of the counter circuit 16 reaches the 
setting count value, the counter circuit 16 supplies a pulse to 
a refresh counter, Which is not illustrated in FIG. 1 for the 
sake of simplicity. 

[0028] With the above structure, it is possible to arbitrarily 
set the self-refresh cycle by using the existing address 
terminal Without increasing the chip area in addition to the 
setting of the cycle de?ned by the fuse circuit 14. 

[0029] In short, the semiconductor memory device 10 has 
a self-refresh operation and includes the fuse circuit 14 
serving as a ?rst circuit, a second circuit composed of the 
buffer circuits 12 and 13, and a third circuit composed of the 
circuits 15 and 16. The ?rst circuit generates a ?rst signal 
that speci?es a ?rst self-refresh cycle by a non-volatile 
circuit element provided in the semiconductor memory 
device. The second circuit receives a second signal that 
speci?es a second self-refresh cycle via the terminal 11 that 
is used in common to another signal such as the address 
signal. The third circuit generates a pulse signal having one 
of the ?rst and second self-refresh circles, the pulse signal 
being related to the self-refresh operation. 

[0030] The terminal 11 that is originally used for the 
address signal is commonly used to externally receive the 
signal for arbitrarily controlling the self-refresh cycle. Thus, 
it is possible to increase the chip area. 

[0031] FIG. 2 is a block diagram of the structure shoWn in 
FIG. 1 in more detail. The address terminal 11, Which 
receives the address signal, includes address terminals 110 
116. The address terminals 110-116 respectively receive 
address bits A07 through A10 and A17-A19 among given 
address bits. The address bits A07-A10 and A17-A19 indi 
cate the count value that is to be set in the count value setting 
circuit 15. The address bits A07-A10 and A17-A19 are also 
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supplied via buffers 120-126 to a decoder that Will be 
described later and to buffers 130-136 forming the buffer 
circuit 13. The buffers 130-136 do not capture the signals 
from the buffers 120-126 When a test signal tesZ (that 
corresponds to the test signal TEST in FIG. 1) is OFF (in the 
inactive state), but capture the signals from the buffers 
120-126 When the test signal tesZ is ON. 

[0032] The count value setting circuit 15 includes selector 
circuits 150-156. The selector circuits 150-156 select either 
the count value data from the fuse circuit 14 or count value 
data from the buffers 130-136. The count value data from the 
fuse circuit 14 are to be set in the count value setting circuit 
15. The selected count value data are output to counter 
160-166 of the counter circuit 16. 

[0033] FIG. 3 is a circuit diagram of a con?guration of the 
fuse circuit 14. The fuse circuit 14 includes sWitches 20O-206 
and fuses 211-216. One sWitch and one fuse form a unit 
circuit. Each of the unit circuits is associated With a respec 
tive one of the selector circuits 150-156. The unit circuits 
output count value data 40-46, Which form the aforemen 
tioned cycle setting signal 4. For eXample, the unit circuit 
made up of the switch 200 and the fuse 21O outputs count 
value data 40. Each of the sWitches 20O-206 is turned ON 
When receiving a common set signal set. In this case, if the 
corresponding fuse has not been disconnected, the output of 
the unit circuit is at a loW (L) level. In contrast, if the fuse 
has been disconnected, the output of the unit circuit is at a 
high level. The fuses 211-216 may be replaced by other 
arbitrary non-volatile circuit elements such as ROM. 

[0034] Turning to FIG. 2 again, the counters 160-166 
forming the counter 16 are cascaded. The counter 160 
receives a clock from an oscillator 18, and the counter 166 
forms the output signal of the counter circuit 16. The output 
signal of the counter circuit 16 is applied to a refresh 
counter, Which Will be described later. The counters 160-166 
operate in accordance With the count value data from the 
selector circuits 150-156, respectively. The count operations 
of the counters 160-166 are controlled based on Whether the 
count value data from the selector circuits 150-156 are H or 
L. 

[0035] FIG. 5 shoWs a relationship betWeen the outputs of 
the selector circuits 150-156 and the frequency dividing 
ratio. When H data are applied to all the counters 160-166, 
the frequency dividing ratio is equal to 1. When L data are 
applied to all the counters 160-166, the frequency dividing 
ratio is equal to 128 (=27). The con?guration and operation 
of the counter circuit 16 Will be described in detail later. 

[0036] FIG. 4A is a circuit diagram of a con?guration of 
the buffer 130 and the selector circuit 150. The buffer 130 
includes a NAND gate 22. The NAND gate 22 receives the 
address bit A07 (also referred to as “raZ”) via one input 
terminal and receives the test signal tesZ via the other input 
terminal. As shoWn in FIG. 4B, When the test signal tesZ is 
at L, the NAND gate 22 blocks the input signal raZ. When 
the test signal tesZ is at H, the NAND gate 22 inverts the 
input signal raZ. An output signal sraZ of the buffer 130 is 
output to the corresponding selector circuit 150 of the count 
value setting circuit 15. 

[0037] The selector circuit 150 includes an inverter 24, 
NAND gates 24, 25 and 26. The test signal tesZ is applied 
directly to the NAND gate 24, and is applied to the NAND 
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gate 26 via the inverter 23. The NAND gate 24 receives the 
output signal sraZ of the buffer 130, and the NAND gate 26 
receives a corresponding output signal cds (count value data 
40) of the buffer 130. The output signals of the NAND gates 
24 and 26 are applied to the NAN D gate 25. An output signal 
csetZ of the NAND gate 25 is output to the counter 160. As 
shoWn in FIG. 4(B), When the test signal tesZ is at L, the 
output signal csetZ is the signal cds from the fuse circuit 14. 
In contrast, When the test signal tesZ is at H, the output signal 
csetZ is the signal sraZ from the buffer 130. 

[0038] Normally, When the test signal tesZ is at L, the 
counter 16O operates in accordance With the count value data 
de?ned by the fuse circuit 14. In contrast, When the test 
signal tesZ is at H, the counter 16O operates in accordance 
With the count value data that is externally set. The other 
buffers 131-136 and the selector circuits 151-156 have the 
same con?gurations as the buffer 130 and the selector circuit 
150. The other counters 161-166 operates in the same manner 
as the counter 160. 

[0039] FIG. 6A is a circuit diagram of the counters 
160-166. Each of the counters 160-166 is made up of invert 
ers 31-34, sWitches 35-38 and an inverter 39. Each counter 
has four states “a”, “b”, “X” and “Y”, Which are de?ned by 
the combination of the levels of nodesA and B. The state “a” 
is de?ned for A=B=L. The state “b” is de?ned for A=B=H. 
The state “X” is de?ned for A=H and B=L. The state “Y” is 
de?ned for A=L and B=H. The states of each counter is 
de?ned by turning ON/OFF the sWitches 35-38 by the 
respective input clocks (the clock from the oscillator 18 for 
the counter 160). The initial states (initial output levels) of 
the buffers 31-34 are de?ned by H/L count value data from 
the count value setting circuit 15. The signal that has passed 
through the sWitch 38 passes through the buffer 39 and 
serves as the output signal of the counter. 

[0040] FIG. 6B is a state transition diagram shoWing state 
transitions of each counter. For eXample, When the output of 
the counter (the output of the inverter 39) is at H in the state 
“a”, the counter remains in the state “a” if the clock is at L. 
When the output of the counter is at H in the state “a”, the 
output remains at H and the counter changes to the state “Y” 
if the clock is at H. 

[0041] FIGS. 7A through 7C shoW operations of the 
counter circuit 16. More particularly, FIG. 7A shoWs an 
operation of the counter circuit 16 for a frequency dividing 
ratio of 1. FIG. 7B shoWs an operation of the counter circuit 
16 for a frequency dividing ratio of 2. FIG. 7C shoWs an 
operation of the counter circuit 16 for a frequency dividing 
ratio of 3. In the case of FIG. 7A, all the counters 160-166 
are in the state “a”, and operate as shoWn. If the counter 166 
changes from the state “Y” to the state “b”, its output 
changes from H to L. In the case of FIG. 7A, all the counters 
160-166 change from the state “Y” to the state “b”. Although 
not illustrated for the sake of simplicity, the output signal of 
the counter 166 is supplied to the counters 160-166 as a set 
signal. When all the counters 160-166 change from H to L, 
these counters return to the respective initial states (state 

“a”). 
[0042] For a frequency dividing ratio of 3 shoWn in FIG. 
7B, only the counter 160 is set to the state “b”, and the 
remaining counters 161-166 are set to the state “a”. The 
states of the counters 160-166 change as shoWn in FIG. 7B. 
When tWo cycles of the clock (noW labeled “oscZ” of the 
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oscillator 16 lapse, the counters 160-166 change from the 
state “Y” to the state “b”, and the output of the counter 166 
changes from H to L. In response to this change, the counters 
160-166 return to the respective initial states (state “b” for 
only counter 160). 

[0043] For a frequency dividing ratio of 2 shoWn in FIG. 
7C, only the counter 161 is set to the state “b”, and the 
remaining counters 160, and 162-166 are set to the state “a”. 
The states of the counters 160-166 change as shoWn in FIG. 
7C. When three cycles of the clock oscZ of the oscillator 16 
lapse, the counters 160-166 change from the state “Y” to the 
state “b”, and the output of the counter 166 changes from H 
to L. In response to this change, the counters 160-166 return 
to the respective initial states (state “b” for only counter 
161). 
[0044] In the above-mentioned manner, the counter circuit 
16 outputs the count value that ranges from 0000000 to 
1111111 (in binary notation). 

[0045] FIG. 8 is a block diagram of an eXample of the 
structure of the semiconductor memory device 10 according 
to an embodiment of the present invention. The structure 
shoWn in FIG. 8 includes the con?guration shoWn in FIG. 
1. 

[0046] The semiconductor memory device 10 includes an 
address latch/decoder 41, a roW decoder 42, a memory cell 
array 43, an input/output buffer 44, an input latch/controller 
45, a sense ampli?er/sWitch 46, a column decoder 47, an 
address latch/decoder 48, and an output data controller 49. 
Further, the semiconductor memory device 10 includes gate 
circuits 50-55, a poWer controller 56, a timing controller 57, 
a refresh controller 58, a counter circuit part 60, an address 
bus 61, and data buses 62 and 63. 

[0047] The structure shoWn in FIG. 8 is associated With 
the circuit shoWn in FIG. 1 as folloWs. The buffer circuits 12 
and 13 shoWn in FIG. 1 are included in either the address 
latch/decoder 41 or 48 or both. This relationship depends on 
Whether the address bits forming the count value data are 
related to the roW address or the column address. The fuse 
circuit 14, the count value setting circuit 15 and the counter 
circuit 16 shoWn in FIG. 1 is included in the counter circuit 
part 60 shoWn in FIG. 8. The test mode circuit 59 generates 
the test signal TEST shoWn in FIG. 1. The internal circuit 
shoWn in FIG. 1 corresponds to the roW decoder 42 or the 
column decoder 48 shoWn in FIG. 8. When receiving the 
test signal tesZ from the test mode circuit 59, the counter 
circuit part 60 receives the give address bits from the address 
latch/decoders 41 and 48, and supplies the refresh controller 
58 With the aforementioned count value, so that the cycle of 
the self-refresh is speci?ed. If the test signal tesZ is not 
output, the counter circuit part 60 receives the count value 
data from the fuse circuit 14, and noti?es the refresh 
controller 58 of the self-refresh cycle. 

[0048] The address bits A0-A19 are supplied to the 
address latch/decoders 41 and 48 over the address bus 61. 
The address latch/decoders 41 and 48 latch and decode 
(predecode) the roW and column addresses, and supply the 
roW decoder 42 and the column decoder 47 With the prede 
coded address signals. The roW decoder 42 decodes the 
predecoded roW address to thereby select the speci?ed one 
of the Word lines in the memory cell array 43. The column 
decoder 47 decodes the predecoded column address to 
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thereby drive the sense ampli?er/sWitch 46, so that a speci 
?ed one of the columns can be selected. Data that is read on 
a bit line in the memory cell array 43 is output to the 
input/output buffer 44 via the sense ampli?er/sWitch 46 and 
the output data controller 49. Then, the data can be output to 
the outside of the device via the data bus 62 (data DQ1 
DQ8) and the data bus 63 (DQ9-DQ16). Write data is 
transferred over the data buses 62 and 63, and is Written into 
the memory cell array 43 via the input/output buffer 44, the 
input latch/controller 45 and the sense ampli?er/sWitch 46. 

[0049] The gates 50-55 receive various control signals. 
More particularly, the gates 50 and 51 receive chip enable 
signals CE1 and CE2 (these signals are identical to each 
other). The chip enable signal CE2 is supplied to the gates 
52-55. The gate 53 receives a Write enable signal /WE. The 
gates 53 and 54 receive a data mask signal /LB (that masks 
loWer bits) and a data mask signal /UB (that masks high 
bits), respectively. The gate 55 receives an output enable 
signal /OE. 

[0050] The test mode circuit 59 decodes the output signals 
of the gates 51-55, and produce various signals used in the 
test mode. For eXample, When the test mode circuit 59 
acknoWledges that the output signals of the gates 51-55 are 
at respective given levels, the circuit 59 generates the test 
signal tesZ, Which is output to the counter circuit part 60. The 
test signal generated by the test mode circuit 59 is applied to 
the address latch/decoder 41, Which is thus disabled. In the 
disabled state, the address latch/decoder 41 does not latch 
and decode the external address. 

[0051] The poWer controller 56 receives the output signal 
of the gate 50, and disables the address latch/decoder 41 and 
the input/output buffer 44. This reduces consumption poWer. 
The timing controller 57 receives the signals from the gates 
51-55 and the refresh controller 58, and produces control 
signals for de?ning various timings. For example, the timing 
controller 57 speci?es a data part to be masked on the basis 
of the signals from the gates 53 and 54, and thus controls the 
address latch/decoders 41 and 48 and the input data latch/ 
controller 45. 

[0052] The present application is based on Japanese Pri 
ority Application No. 2000-054883 ?led Feb. 29, 2000, the 
entire contents of Which are hereby incorporated by refer 
ence. 

What is claimed is: 
1. A semiconductor memory device having a self-refresh 

operation comprising: 
a ?rst circuit generating a ?rst signal that speci?es a ?rst 

self-refresh cycle by a non-volatile circuit element 
provided in the semiconductor memory device; 

a second circuit receiving a second signal that speci?es a 
second self-refresh cycle via a terminal that is used in 
common to another signal; and 
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a third circuit generating a pulse signal having one of the 
?rst and second self-refresh cycles, said pulse signal 
being related to the self-refresh operation. 

2. The semiconductor memory device as claimed in claim 
1, Wherein said third circuit comprises a counter, and one of 
the ?rst and second signals is data related to a count value 
of said counter. 

3. The semiconductor memory device as claimed in claim 
1, Wherein said third circuit comprises: 

a count value setting circuit selecting one of count values 
respectively speci?ed by the ?rst and second signals; 
and 

a counter operating in accordance With a selected one of 
the count values. 

4. The semiconductor memory device as claimed in claim 
1, Wherein said third circuit selects one of the ?rst and 
second signals in accordance With a test signal supplied 
outside of the semiconductor memory device. 

5. The semiconductor memory device as claimed in claim 
2, Wherein said third circuit selects one of the ?rst and 
second signals in accordance With a test signal supplied 
outside of the semiconductor memory device. 

6. The semiconductor memory device as claimed in claim 
3, Wherein said third circuit selects one of the ?rst and 
second signals in accordance With a test signal supplied from 
an outside of the semiconductor memory device. 

7. The semiconductor memory device as claimed in claim 
1, Wherein said second circuit comprises a gate Which 
outputs the second signal only When the semiconductor 
memory device receives a test signal supplied from an 
outside thereof. 

8. The semiconductor memory device as claimed in claim 
1, Wherein said ?rst circuit comprises a fuse. 

9. The semiconductor memory device as claimed in claim 
1, Wherein said second circuit comprises a buffer. 

10. The semiconductor memory device as claimed in 
claim 1, Wherein the second signal includes an address 
signal. 

11. The semiconductor memory device as claimed in 
claim 1, Wherein said terminal receives the second signal 
from an outside of the semiconductor memory device. 

12. The semiconductor memory device as claimed in 
claim 1, Wherein the second signal comprises a plurality of 
address bits. 

13. The semiconductor memory device as claimed in 
claim 1, Wherein said ?rst circuit comprises a plurality of 
fuses. 


