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DRAM CAPABLE OF SELECTIVELY 
PERFORMING SELF-REFRESH OPERATION FOR 

MEMORY BANK 

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 random 
access memory for performing a refresh operation for 
recharging stored data. 

[0003] 2. Description of the Related Art 

[0004] Semiconductor memory devices are largely classi 
?ed as dynamic random access memories (DRAM) and 
static random access memories (SRAM). In an SRAM, a 
unit cell is implemented by four transistors constituting a 
latching mechanism. Unless the poWer is interrupted, the 
stored data is not volatile. Thus, a refresh operation is not 
necessary. HoWever, in a DRAM, a unit cell is implemented 
by one transistor and one capacitor, and data is stored in the 
capacitor. A capacitor formed on a semiconductor substrate 
is not necessarily completely isolated from peripheral cir 
cuits, and therefore, it is possible for the data stored in the 
memory cell to be altered due to current leakage. Thus, a 
refresh operation for periodically recharging the data stored 
in the memory cell is required. A self-refresh operation of a 
semiconductor memory device is performed While sequen 
tially varying internal addresses by an externally applied 
command signal. 

[0005] According to recent trends in highly integrated, 
large capacitance semiconductor memory devices, a plural 
ity of memory banks are commonly incorporated Within a 
memory chip. Each memory bank is capable of outputting a 
predetermined amount of data. DRAMs installed on recent 
systems, including cordless telephones, data banks, Pen 
tium®-type computer combined personal data assistance 
(PDA) systems, utiliZe most memory banks during a data 
communication mode, While utiliZing only speci?c memory 
banks for storing data necessary for the system during a 
standby mode. In order to implement PDA systems, Which 
commonly operate on battery poWer, it is necessary to 
minimiZe poWer consumption. 

[0006] FIG. 1 is a block diagram of circuits utiliZed during 
a self-refresh operation for a conventional DRAM. In this 
speci?cation, for the sake of convenience in explanation, a 
DRAM having four memory banks 101_i (i is an integer 
from 1 to 4) is illustrated. In FIG. 1, circuit portions related 
to a self-refresh operation are schematically shoWn While 
circuit portions unrelated to the self-refresh operation are not 
shoWn. 

[0007] The respective memory banks 101_i have a plu 
rality of memory cells arranged in columns and roWs. RoW 
decoders 103_i de?ne roW addresses in the corresponding 
memory bank. Column decoders 105_1 and 105_2 de?ne 
column addresses in the corresponding memory bank. A 
refresh entry detector 107 detects a signal to enter self 
refresh operation, and, in response, generates a refresh 
instruction signal PRFH. In response to a refresh instruction 
signal PRFH, an internal address generator and counter 109 
spontaneously generates sequential addresses FRAL to 
FRAn for a self-refresh operation, With the internal 
addresses being sequentially varied. A sWitch 111 receives 
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external addresses A1 to An during a normal operating mode 
and receives the counting addresses FRA1 to FRAn during 
a refresh mode, and transfers the same to the roW decoders 
103_i as internal addresses RA1 to RAn. 

[0008] The self-refresh operation is executed in the fol 
loWing manner. A semiconductor memory device enters into 
a self-refresh mode in response to an externally input 
command signal. Then, roW addresses are sequentially 
increased or decreased at predetermined intervals. Word 
lines of a memory cell are selected sequentially by varying 
the roW addresses. The charge accumulated in the capacitor 
corresponding to the selected Word line is ampli?ed by a 
sense ampli?er and then stored in the capacitor again. 
Through such a refresh operation, the stored data is retained 
Without loss. This self-refresh operation consumes a large 
amount of current during the process of sense-amplifying 
the data stored in the capacitor. 

[0009] In the conventional DRAM shoWn in FIG. 1, a 
self-refresh operation is performed With respect to all 
memory banks. In other Words, even if data is stored in only 
a speci?c memory bank, the self-refresh operation is per 
formed on all memory banks. 

[0010] Furthermore, although separate internal voltage 
generators 113_i (i is an integer from 1 to 4), including, for 
example, a back-bias voltage generator or an internal poWer 
supply voltage generator, generally exist for each memory 
bank, they are all operated during a refresh operation. 

[0011] As described above, the conventional DRAM per 
forms a self-refresh operation With respect to all memory 
banks, resulting in unnecessary current dissipation. Also, if 
a self-refresh mode is entered, all the internal voltage 
generators existing for each memory bank operate, thereby 
further increasing current dissipation. 

SUMMARY OF THE INVENTION 

[0012] To address the above limitations, it is an object of 
the present invention to provide a dynamic random access 
memory (DRAM) having a plurality of memory banks, the 
DRAM capable of selectively performing a self-refresh 
operation With respect to individual memory banks. 

[0013] It is another object of the present invention to 
provide a DRAM Which can reduce poWer consumption by 
controlling the operation of an internal voltage generating 
circuit portion associated With a selective refresh operation 
for a particular selected memory bank or subset of memory 
banks. 

[0014] Accordingly, to achieve the ?rst object, there is 
provided a dynamic random access memory (DRAM) 
including a plurality of memory banks capable of being 
independently accessed, and a refresh controller for selec 
tively performing a refresh operation for one or more 
memory banks among the plurality of memory banks during 
a self-refresh operation. 

[0015] The one or more memory banks may be refreshed 
according to a combination of control signals. 

[0016] According to another aspect of the present inven 
tion, there is provided a dynamic random access memory 
(DRAM) including a plurality of memory banks capable of 
being independently accessed, a plurality of voltage genera 
tors disposed to correspond to the respective memory banks, 
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for supplying internal voltages to the memory banks, and a 
refresh controller for selectively performing a refresh opera 
tion for one or more memory banks among the plurality of 
memory banks during a self-refresh operation, Wherein the 
voltage generators are enabled according to Whether or not 
a refresh operation is performed With respect to the memory 
banks. 

[0017] To achieve the second object, there is provided a 
dynamic random access memory (DRAM) including a plu 
rality of memory banks having a plurality of memory cells 
arranged in columns and roWs, Wherein the DRAM is 
capable of selectively refreshing data stored in each memory 
bank in a self-refresh mode, the DRAM including a plurality 
of roW decoders for selecting Word lines of the memory cells 
of the memory banks, an address generator for generating 
internal addresses Which sequentially vary during a self 
refresh mode, a refresh bank designating circuit for gener 
ating refresh bank designating signals for designating a 
memory bank to be refreshed, and a bank selection decoder 
for designating one or more memory banks to be refreshed 
by the refresh bank designating signals and supplying 
refresh addresses to the roW decoders corresponding to the 
designated memory banks according to the information of 
the internal addresses. 

[0018] According to the DRAM of present invention, the 
self-refresh operation is performed With respect to only a 
selected memory bank or memory banks in Which data is 
stored, rather than refreshing all memory banks as in the 
conventional DRAM, thereby minimiZing current dissipa 
tion. Also, only the internal voltage generator corresponding 
to the memory bank on Which the refresh operation is 
performed is driven, thereby further reducing current dissi 
pation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the 
folloWing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
draWings in Which like reference characters refer to the same 
parts throughout the different vieWs. The draWings are not 
necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0020] FIG. 1 is a block diagram illustrating circuits 
related to a refresh operation of a conventional DRAM 
device. 

[0021] FIG. 2 is a block diagram illustrating circuits 
related to a refresh operation of a DRAM capable of 
selectively performing a self-refresh operation for each 
individual memory bank, according to a preferred embodi 
ment of the present invention. 

[0022] FIG. 3 is a detailed circuit diagram illustrating the 
refresh entry detector shoWn in FIG. 2. 

[0023] FIG. 4 is a timing diagram of various signals 
shoWn in FIG. 3. 

[0024] FIG. 5 is a circuit diagram illustrating the sWitch 
shoWn in FIG. 2. 

[0025] FIG. 6 is a circuit diagram illustrating the refresh 
controller shoWn in FIG. 2, in Which a refresh control signal 
is generated by an external address. 
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[0026] FIG. 7 is circuit diagram of another eXample of the 
refresh controller shoWn in FIG. 2, in Which a refresh 
control signal is controlled by a control fuse. 

[0027] FIG. 8 is a another circuit diagram of the refresh 
controller shoWn in FIG. 2. 

[0028] FIG. 9 is a detailed circuit diagram of the decoder 
shoWn in FIG. 2. 

[0029] FIG. 10 is a circuit diagram of the bank selection 
decoder shoWn in FIG. 2, in Which a bank is selected by a 
refresh bank designating signal. 

[0030] FIG. 11 is a detailed circuit diagram of a pre 
decoder shoWn in FIG. 10. 

[0031] FIG. 12 is a another detailed circuit diagram of one 
of the pre-decoders shoWn in FIG. 10. 

[0032] FIG. 13 is another circuit diagram of a bank 
selection decoder shoWn in FIG. 2, in Which the number of 
refreshed banks can be variably controlled. 

[0033] FIG. 14 is a circuit diagram of the internal voltage 
generator shoWn in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] To fully understand the invention, the operational 
advantages thereof and the objects accomplished by the 
invention, preferred embodiments of the present invention 
Will hereinafter be described With reference to the accom 
panying draWings. The same reference numerals in the 
respective draWings denote the same elements. 

[0035] FIG. 2 is a block diagram illustrating circuits 
related to a refresh operation of a DRAM capable of 
selectively performing a self-refresh operation for each 
memory bank individually, according to a preferred embodi 
ment of the present invention. 

[0036] Referring to FIG. 2, the DRAM capable of selec 
tively performing a self-refresh operation for each memory 
bank individually, according to a preferred embodiment of 
the present invention, includes a plurality of memory banks 
201_i. In the speci?cation, for the sake of convenience in 
explanation, a DRAM having four memory banks 201_i 
(Where i is an integer from 1 to 4) Will be described by Way 
of eXample. The invention is equally applicable to DRAMs 
having a plurality of memory banks other than four in 
number. 

[0037] The respective memory banks 201_i have a plu 
rality of memory cells arranged in columns and roWs. RoW 
decoders 203_i designate roW addresses in the correspond 
ing memory banks. For eXample, the roW decoder 203_1 
selects a roW address in the memory bank 201_1. 

[0038] Column decoders 205_1 and 205_2 designate col 
umn addresses in the corresponding memory banks. For 
eXample, the column decoder 205_1 selects column 
addresses in the memory banks 201_1 and 201_2. 

[0039] In response to entry into a self-refresh mode, a 
refresh entry detector 207 generates a refresh instruction 
signal PRFH. In other Words, if the self-refresh mode is 
entered, the refresh instruction signal PRFH is activated to 
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a logic “high” level. The structure and operation of the 
refresh entry detector 207 Will later be described in detail 
With reference to FIG. 3. 

[0040] An internal address generator and counter 209 
generates a pulse for each predetermined period during a 
self-refresh operation and generates counting addresses 
FRA1 to FRAn sequentially increasing in response to the 
pulses. The combination of the counting addresses FRA1 to 
FRAn sequentially changes the designated roW addresses. A 
sWitch 211, activated by the refresh instruction signal PRFH 
generated in the refresh entry detector 207, receives external 
addresses A1 to An during operation in a normal mode and 
receives the counting addresses FRA1 to FRAn during 
operation in the refresh mode, and, in turn, generates internal 
addresses RA1 to RAn. The operation of the sWitch 211 Will 
later be described in detail With reference to FIG. 5. 

[0041] Referring back to FIG. 2, in addition to the circuits 
included in the conventional DRAM, the DRAM of the 
present invention further includes a bank selection decoder 
213, a decoder 215 and a refresh controller 217. The decoder 
215 and the refresh controller 217 are preferably imple 
mented by a refresh bank designating circuit of the present 
invention, described beloW. Also, the bank selection decoder 
213, the decoder 215 and the refresh controller 217 can be 
implemented by a refresh controlling circuit of the present 
invention, described beloW 

[0042] The decoder 215 generates ?rst through fourth 
refresh bank designating signals PREF_i (Here, i is an 
integer from 1 to 4). Memory banks 201_1 to be refreshed 
are determined by the ?rst through fourth refresh bank 
designating signals PREF_1 to PREF_4. 

[0043] The refresh controller 217 generates refresh control 
signals RCON1 and RCON2 and supplies the same to the 
decoder 215. There may be more than the tWo refresh control 
signals RCON1 and RCON2. The refresh control signals 
RCON1 and RCON2 control selection of memory banks to 
be refreshed. The refresh controller 217 Will be described in 
detail beloW With reference to FIGS. 6, 7 and 8. 

[0044] The decoder 215 decodes the refresh control sig 
nals RCON1 and RCON2 in a self-refresh mode to generate 
the ?rst through fourth refresh bank designating signals 
PREF_1 to PREF_4. The decoder 215 Will later be described 
in detail With reference to FIG. 9. 

[0045] The bank selection decoder 213 receives the ?rst 
through fourth refresh bank designating signals PREF_1 to 
PREF_4 and the internal addresses RA1 to RAn in the 
self-refresh mode. The bank selection decoder 213 supplies 
refresh addresses DRAai (Where i is an integer from 1 to 4) 
to the roW decoders of the memory banks selected by the 
?rst through fourth refresh bank designating signals 
PREF_1 to PREF_4 and a combination thereof. 

[0046] For eXample, in the case Where the ?rst memory 
bank 201_1 (FIG. 2) is selected by the ?rst through fourth 
refresh bank designating signals PREF_1 to PREF_4 to then 
be refreshed, the data of the internal addresses RA1 to RAn 
is supplied as the refresh addresses DRAa1 to DRAa4 to the 
roW decoder 203_1 Which selects a roW address of the 
memory cell of the memory bank 201_1. The bank selection 
decoder 213 Will later be described in detail With reference 
to FIGS. 10 through 13. 
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[0047] The internal voltage generators 219_i (Where i is an 
integer from 1 to 4) supply DC voltages to circuits associ 
ated With the respective memory banks 201_i, and may 
include one or more circuits selected from a back-bias 

voltage generator, an internal poWer-supply voltage genera 
tor and other internal voltage generating circuits. In the 
DRAM of the present invention, the internal voltage gen 
erators 113_i eXist for each memory bank and are enabled to 
be driven only When a self-refresh operation is performed on 
the corresponding memory bank. Here, for the sake of 
convenience in explanation, With respect to a self-refresh 
mode, the case Where the internal voltage generators 219_i 
are enabled for each memory bank is representatively 
described. HoWever, it is evident to one skilled in the art that 
the present invention can be applied to all operation modes 
in addition to the self-refresh mode. 

[0048] Typical eXamples of the internal voltage generators 
219_i (i=1 . . . 4) Will later be described in detail With 
reference to FIG. 14. 

[0049] FIG. 3 is a detailed circuit diagram of the refresh 
entry detector 207 shoWn in FIG. 2, and FIG. 4 is a timing 
diagram of various signals shoWn in FIG. 3. Referring to 
FIGS. 3 and 4, the structure and operation of the refresh 
entry detector 207 Will noW be described. 

[0050] The refresh entry detector 207 includes an entry 
detecting part 301, a latching part 303 and a termination 
detecting part 305. The entry detecting part 301 detects the 
entry into a self-refresh mode by means of an internal clock 
signal PCLK, a ?rst internal clock enable signal PCKEl, a 
chip selection signal/CS, a column address strobe signal/ 
RAS and a Write enable signal/WE. In other Words, if a 
semiconductor memory device enters into a self-refresh 
mode, the output signal N302 of the entry detecting part 301 
makes a transition to a logic “high” state. 

[0051] The latching part 303 latches the output signal 
N302 of the entry detecting part 301 to generate the refresh 
instruction signal PRFH. If the self-refresh operation is 
terminated, the termination detecting part 305 pulls doWn 
the output signal N302 of the entry detecting part 301 to a 
logic “loW” state in response to a second internal clock 
enable signal PCKE2. 

[0052] The internal clock enable signal generator 307 
generates ?rst and second internal clock enable signals 
PCKEl and PCKE2 in response to the clock enable signal 
CKE. The internal clock generator 309 generates the internal 
clock signal PCLK in response to a clock signal CLK. 

[0053] Referring to FIG. 4, the clock signal CLK is a 
master clock of a semiconductor memory device, and the 
internal clock signal PCLK is a pulse Which is activated in 
a synchronous relationship With the rising edge of the clock 
signal CLK. The clock enable signal CKE is a signal Which 
instructs the effectiveness of a neXt clock. The clock enable 
signal CKE in the present invention transitions “loW” When 
the self-refresh operation is performed. The ?rst internal 
clock enable signal PCKEl is generated as a logic “high” 
pulse in response to the falling edge of the clock enable 
signal CKE. The second internal clock enable signal PCKE2 
is generated as a logic “loW” pulse in response to a rising 
edge of the clock enable signal CKE. 

[0054] Thus, if the chip selection signal/CS, the column 
address strobe signal/RAS and the roW address strobe signal/ 
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RAS are all enabled to a logic “loW” level and the clock 
enable signal CKE becomes a logic “loW” level, the refresh 
instruction signal PRFH is latched to a logic “high” level, 
Which means an entry into a self-refresh mode. Also, if the 
clock enable signal CKE becomes a logic “high” level, the 
refresh instruction signal PRFH is latched to a logic “loW” 
level, Which represents a termination of a self-refresh mode. 

[0055] FIG. 5 is a circuit diagram of the sWitch 211 shoWn 
in FIG. 2. Referring to FIG. 2, the sWitch 211 receives 
external addresses A1 to An or counting addresses FRA1 to 
FRAn to generate internal addresses RA1 to RAn. In other 
Words, during a self-refresh mode in Which the refresh 
instruction signal PRFH is at a logic “high” level, a transfer 
gate 501 is turned on. Thus, the internal addresses RA1 to 
RAn are latched to data identical With that of the counting 
addresses FRA1 to FRAn. Also, during a normal mode in 
Which the refresh instruction signal PRFH is at a logic “loW” 
level, a transfer gate 503 is turned on. Thus, the internal 
addresses RA1 to RAn are latched to data identical With that 
of the external addresses A1 to An. Note that each transfer 
“gate” represents a plurality of “n” transfer gates, one for 
each bit on each address bus FRAn, An. 

[0056] FIG. 6 is a circuit diagram of the refresh controller 
217 shoWn in FIG. 2, in Which a refresh control signal is 
generated by external addresses. For the sake of convenience 
in explanation, for example, refresh control signals RCON1 
and RCON2 are generated by external address bits A10 and 
A11. In alternative embodiments, the external addresses are 
not necessarily A10 or A11. Each refresh control signal 
RCON1/RCON2 is generated by one external address A10/ 
A11. 

[0057] Referring to FIG. 6, the refresh controller 217 
includes a transfer gate 601, an NMOS transistor 603 and a 
latch 605. The transfer gate 601 receives speci?c external 
addresses A10 and A11 during a period in Which a mode 
register setting signal PMRS is at a logic “high” level. Here, 
the mode register setting signal PMRS is activated to a logic 
“high” level in a period in Which a combination of DRAM 
control signals, for example, /RAS, /CAS, /CS and /WE, are 
all activated. 

[0058] The NMOS transistor 603 is gated by a precharge 
signal PRE Which is activated to a logic “high” level for a 
predetermined time duration in an initial poWer-up period of 
a poWer supply voltage. The latch 605 latches a signal N602 
generated by the external addresses A10 and A11 transferred 
by the transfer gate 601, or the precharge signal PRE. 

[0059] Thus, the refresh control signals RCON1 and 
RCON2 are latched to a logic “loW” level in a precharge 
period. After the precharge signal is latched to a logic “loW” 
level, the external addresses A10 and A11 input in the period 
Where the mode register setting signal PMRS is at a logic 
“high” level is transferred by the transfer gate 601. 

[0060] At this stage, the refresh control signals RCON1 
and RCON2 are generated by the external addresses A10 
and A11. In other Words, in the case Where the external 
addresses A10 and All are at a logic “high” level, the refresh 
control signals RCON1 and RCON2 are latched to a logic 
“high” level. Also, in the case Where the external addresses 
A10 and All are at a logic “loW” level, the refresh control 
signals RCON1 and RCON2 are latched to a logic “loW” 
level. 
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[0061] In the refresh controller 217 shoWn in FIG. 6, in 
the case Where the external addresses A10 and A11 designate 
memory banks for storing data, the refresh operation in the 
DRAM of the present invention is performed only With 
respect to memory banks in Which data is stored. 

[0062] FIG. 7 is another circuit diagram of the refresh 
controller 217 shoWn in FIG. 2, in Which refresh control 
signals RCON1 and RCON2 are controlled by a control 
fuse. Here, for convenience’ sake of explanation, the refresh 
control signals RCON1 and RCON2 are generated by con 
trol fuses FUSE1 and FUSE2. 

[0063] The refresh controller 217 shoWn in FIG. 7 
includes control fuses FUSE1 and FUSE2, an NMOS tran 
sistor 701, a latch 703 and a buffer 705. The NMOS 
transistor 701 has a relatively large resistance element. Thus, 
if the control fuses FUSE1 and FUSE2 are opened, the drain 
port N702 of the NMOS transistor 701 becomes “loW”. 
Here, the refresh control signals RCON1 and RCON2 are 
latched to a logic “high” level. 

[0064] In such a refresh controller shoWn in FIG. 7, in the 
case Where there is further provided an apparatus for per 
forming cutting of the control fuses FUSE1 and FUSE2 by 
address information for designating the memory bank for 
storing data, the refresh operation in the DRAM of the 
present invention can be performed only With respect to the 
memory bank in Which data is stored. 

[0065] FIG. 8 is still another circuit diagram of the refresh 
controller 217 shoWn in FIG. 2, in Which refresh control 
signals are generated by external addresses, like in FIG. 6. 
Referring to FIG. 8, the refresh controller 217 includes a 
transfer gate 801 and a latch 803. The transfer gate 801 
receives external addresses A10 and A11 during a period in 
Which a ?rst internal clock enable signal PCKEl and an 
internal clock signal PCLK are in a logic “high” level. The 
latch 803 latches the external addresses A10 and A11 
transferred by the transfer gate 801 to generate the refresh 
control signals RCON1 and RCON2. In other Words, in the 
case Where the external addresses A10 and All are at a logic 
“high” level, the refresh control signals RCON1 and 
RCON2 are latched to a logic “high” level. Also, in the case 
Where the external addresses A10 and All are at a logic 
“loW” level, the refresh control signals RCON1 and RCON2 
are latched to a logic “loW” level. 

[0066] FIG. 9 is a detailed circuit diagram of the decoder 
215 shoWn in FIG. 2. Referring to FIG. 9, the decoder 215 
includes four NAND gates 909, 911, 913 and 915 enabled 
during operation in a refresh mode in Which the refresh 
instruction signal PRFH is at a logic “high” level, and 
another group of four NAND gates 901, 903, 905 and 907 
for decoding the refresh control signals RCON1 and 
RCON2. 

[0067] In the refresh mode, if the refresh control signals 
RCON1 and RCON2 are both at a logic “loW” level, the 
output signal N902 of the NAND gate 901 becomes “loW”. 
In response, the ?rst refresh bank designating signal 
PREF_1 Which is the output signal of the NAND gate 909, 
becomes “high”. 

[0068] In the refresh mode, if the refresh control signal 
RCON1 is at a logic “high” level, and RCON2 is at a logic 
“loW” level, the output signal N904 of the NAND gate 903 
becomes “loW”. In response, the second refresh bank des 
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ignating signal PREF_2, Which is the output signal of the 
NAND gate 911, becomes “high”. 

[0069] In the refresh mode, if the refresh control signals 
RCON1 is at a logic “loW” level, and RCON2 is at a logic 
“high” level, the output signal N906 of the NAND gate 905 
becomes “loW”. In response, the third refresh bank desig 
nating signal PREF_2, Which is the output signal of the 
NAND gate 913, becomes “high”. 

[0070] In the refresh mode, if the refresh control signals 
RCON1 and RCON2 are both at a logic “high” level, the 
output signal N908 of the NAND gate 907 becomes “loW”. 
The fourth refresh bank designating signal PREF_4, Which 
is the output signal of the NAND gate 915, becomes “high”. 

[0071] FIG. 10 is a circuit diagram of the bank selection 
decoder 213 shoWn in FIG. 2, in Which a bank is selected by 
a refresh bank designating signal. Referring to FIG. 10, the 
bank selection decoder 213 includes four buffers 1001, 
1003, 1005 and 1007 and four pre-decoders 1011, 1013, 
1015 and 1017. 

[0072] The buffers 1001, 1003, 1005 and 1007 buffer the 
?rst through fourth refresh bank designating signals 
PREF_1 through PREF_4 to generate ?rst through fourth 
decoding signals PREF (j=a, b, c and d). Thus, the ?rst 
through fourth decoding signals PREF_a through PREF_d 
represent the same information as that of the ?rst through 
fourth refresh bank designating signals PREF_1 through 
PREF_4. Referring back to FIG. 2, the ?rst through fourth 
decoding signals PREF_a through PREF_d are supplied to 
the internal voltage generators 219_1 through 219_4, 
respectively, to control the same. 

[0073] Referring back to FIG. 10, the pre-decoders 1011, 
1013, 1015 and 1017 are enabled in response to the ?rst 
through fourth decoding signals PREF_a through PREF_d. 
Also, the enabled pre-decoders 1011, 1013, 1015 and 1017 
receive internal addresses RA1 to RAn to generate refresh 
addresses DRAji (Where j=a, b, c and d and i=1 to n.). The 
pre-decoders 1011, 1013, 1015 and 1017 Will be described 
later in more detail With reference to FIGS. 11 and 12. 

[0074] The operation of the bank selection decoder 213 
shoWn in FIG. 10 Will noW be described for the case in 
Which the ?rst refresh bank designating signal PREF_1 is 
activated. If the ?rst refresh bank designating signal 
PREF_1 is activated, the ?rst decoding signal PREF_a is 
activated. As the ?rst decoding signal PREF_a is activated, 
the ?rst pre-decoder 1011 is enabled. Thus, the ?rst refresh 
addresses DRAai (i=1 to n) have the same information as the 
internal addresses RA1 to RAn. The ?rst refresh addresses 
DRAai (i=1 to n) are transferred to the ?rst roW decoder 
203_1 for decoding roWs of the ?rst memory bank 201_1 
(FIG. 2) to then refresh memory cells of the ?rst memory 
bank 201_1. 

[0075] When the ?rst refresh bank designating signal 
PREF_1 is activated in the bank selection decoder 213, the 
second through fourth refresh bank designating signals 
PREF_2 through PREF_4 are deactivated and the second 
through fourth pre-decoders 1013, 1015 and 1017 are dis 
abled. Thus, the second through fourth refresh addresses 
DRAji, j=b, c and d, and i=1 to n.) are maintained at a logic 
“loW” level, Which is a precharged state. Thus, the refresh 
operation is not performed on the memory cells of the 
second through fourth memory banks 201_2 through 201_4. 

Mar. 14, 2002 

In the case of implementing a DRAM capable of selectively 
performing a refresh operation for each bank using the bank 
selection decoder 213 shoWn in FIG. 10, only one memory 
bank is selected and then refresh addresses are supplied 
thereto. 

[0076] Referring back to FIGS. 9 and 10, banks are 
selected based on the refresh control signals RCON1 and 
RCON2 as folloWs. 

TABLE 1 

RCON1 RCON2 Bank selection 

0 0 First memory bank 
0 1 Second memory bank 
1 0 Third memory bank 
1 1 Fourth memory bank 

[0077] FIG. 11 is a detailed circuit diagram of a pre 
decoder shoWn in FIG. 10. Since the ?rst through fourth 
pre-decoders are implemented by the same con?guration, 
the ?rst pre-decoder 1011 Will be representatively described. 

[0078] Referring to FIG. 11, the ?rst pre-decoder 1011 is 
implemented by a NAND gate 1101 and an inverter 1103. 
The NAND gate 1101 is enabled by activation of the ?rst 
decoding signal PREF_a. Thus, the ?rst refresh addresses 
DRAai (i=1 to n) carry the same information as the internal 
address RAi (i=1 to n). 

[0079] FIG. 12 is another detailed circuit diagram of a 
pre-decoder shoWn in FIG. 10. Referring to FIG. 12, the 
?rst pre-decoder 1011 shoWn in FIG. 12 includes a NAND 
gate 1201, a transfer gate 1203, an NMOS transistor 1205 
and a latch 1207. The NAND gate 1201 receives the ?rst 
decoding signal PREF_a and the ?rst precharge control 
signal PDRE. Also, the output signal N1202 of the NAND 
gate 1201 controls the transfer gate 1203. The ?rst precharge 
signal PDRE is at a logic “loW” state in a precharge period 
and goes “high” after the precharge period. 

[0080] The transfer gate 1203 receives internal addresses 
RAi (i=1 to n) in response to the output signal N1202 of the 
NAND gate 1201. The NMOS transistor 1205 precharges 
the ?rst refresh addresses DRAai (i=1 to n) Which are output 
signals of the ?rst pre-decoder 1011 to a logic “loW” level in 
response to the second precharge control signal PDRA 
Which is activated in the precharge period. The latch 1207 
latches the signal transferred by the transfer gate 1203 or the 
precharged signal by the NMOS transistor 1205. 

[0081] Thus, if the precharge period is terminated and the 
?rst decoding signal PREF_a is activated, the refresh 
addresses DRAai (i=1 to n) are latched to have the same 
information as the internal addresses RAi (i=1 to n). 

[0082] FIG. 13 is another circuit diagram of the bank 
selection decoder shoWn in FIG. 2, in Which the number of 
the banks to be refreshed can be variably controlled. Refer 
ring to FIG. 13, the bank selection decoder 213 includes 
four logic elements 1301, 1303, 1305 and 1307 and four 
pre-decoders 1311, 1313, 1315 and 1317. 

[0083] The ?rst logic element 1301 receives the ?rst 
through fourth refresh bank designating signals PREF_i (i=1 
to 4) as input signals and performs an OR operation to 
generate a ?rst decoding signal PREF_a‘. The second logic 
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element 1303 receives the second through fourth refresh 
bank designating signals PREF_i (i=2 to 4) as input signals 
and performs an OR operation to generate a second decod 
ing signal PREF_b‘. The third logic element 1305 receives 
the third and fourth refresh bank designating signals PREF_i 
(i=3 and 4) as input signals and performs an OR operation 
to generate a third decoding signal PREF_c‘. The fourth 
logic element 1307 receives the fourth refresh bank desig 
nating signal PREF_4 as an input signal to generate a fourth 
decoding signal PREF_d‘. 

[0084] The decoding signals are controlled according to 
the activation of the ?rst through fourth refresh bank des 
ignating signals PREF_i (i=1 to 4) as folloWs. 

[0085] If the ?rst refresh bank designating signal PREF_1 
is activated, the ?rst decoding signal PREF_a‘ is activated 
and the second through fourth decoding signals PREF_b‘ are 
deactivated. Thus, While the ?rst refresh addresses DRAai 
(i=1 to n) have the same information as the internal 
addresses RA1 to RAn, the second through fourth refresh 
addresses DRAbi, DRAci and DRAdi (i=1 to n) are main 
tained at a logic “loW” level, Which is a precharged state. 
Thus, the ?rst memory bank 201_1 (FIG. 2) performs a 
refresh operation and the second through fourth memory 
banks 201_i (i=2 to 4) do not perform a refresh operation. 

[0086] If the second refresh bank designating signal 
PREF_2 is activated, the ?rst decoding signal PREF_a‘ and 
the second decoding signals PREF_b‘ are activated and the 
third and fourth decoding signals PREF_c‘ and PREF_d‘ are 
deactivated. Thus, While the ?rst and second refresh 
addresses DRAai and DRAbi (i=1 to n) have the same 
information as the internal addresses RA1 to RAn, the third 
and fourth refresh addresses DRAci and DRAdi (i=1 to n) 
are maintained at a logic “loW” level, Which is a precharged 
state. Thus, the ?rst and second memory banks 201_1 and 
201_2 perform a refresh operation and the third and fourth 
memory banks 201_3 and 201_4 do not perform a refresh 
operation. 

[0087] If the third refresh bank designating signal PREF_3 
is activated, the ?rst through third decoding signals 
PREF_a‘, PREF_b‘ and PREF c‘ are activated and the fourth 
decoding signal PREF_d‘ is deactivated. Thus, While the ?rst 
through third refresh addresses DRAai, DRAbi and DRAci 
(i=1 to n) have the same information as the internal 
addresses RA1 to RAn, the fourth refresh addresses DRAdi 
(i=1 to n) are maintained at a logic “loW” level, Which is a 
precharged state. Thus, the ?rst through third memory banks 
201_1, 201_2 and 201_3 perform a refresh operation and the 
fourth memory bank 201_4 does not perform a refresh 
operation. 

[0088] If the fourth refresh bank designating signal 
PREF_4 is activated, the ?rst through fourth decoding 
signals PREF_a‘, PREF_b‘, PREF_c‘ and PREF_d‘ are all 
activated. Thus, the ?rst through fourth refresh addresses 
DRAai, DRAbi, DRAci and DRAdi (i=1 to n) have the same 
information as the internal addresses RA1 to RAn. Thus, the 
?rst and second memory banks 201_1, 201_2, 201_3 and 
201_4 perform a refresh operation. 

[0089] The ?rst through fourth pre-decoders 1311, 1313, 
1315 and 1317 shoWn in FIG. 13 can be implemented by the 
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same con?guration as the predecoders 1011, 1013, 1015 and 
1017 shoWn in FIG. 10, and a detailed explanation thereof 
Will be omitted. 

[0090] The bank selection decoder 213 shoWn in FIG. 13 
can have a variable number of pre-decoders. Also, in the 
DRAM capable of selectively performing a refresh opera 
tion according to the present invention, it is possible to 
selectively refresh only those memory banks having 
memory cells in Which data is stored. Also, the number of 
refreshed memory banks can be varied by using the bank 
selection decoder shoWn in FIG. 13. 

[0091] FIG. 14 is a circuit diagram of an internal voltage 
generator shoWn in FIG. 1, in Which an internal poWer 
supply voltage generator is illustrated as an eXample of the 
internal voltage generator. HoWever, it is evident to one 
skilled in the art that the invention can also be applied to a 
back-bias voltage generator. Also, although a ?rst internal 
voltage generator 219_1 is representatively illustrated, the 
present invention can be applied to second through fourth 
internal voltage generators 219_i (i=2 to 4). 

[0092] First, in the case Where a refresh operation is 
performed With respect to a ?rst memory bank 201_1 (see 
FIG. 2), a ?rst decoding signal PREF_a goes “high”. Then, 
PMOS transistors 1401 and 1405 are turned off and an 
NMOS transistor 1407 is turned on. Thus, the internal 
poWer-supply voltage generator shoWn in FIG. 14 is enabled 
to generate an internal poWer supply voltage PIVG, as in the 
conventional art. Since the operational principle of gener 
ating the internal poWer supply voltage PIVG is Well knoWn 
to one skilled in the art, a detailed explanation thereof Will 
be omitted. 

[0093] In the case Where a refresh operation is not per 
formed With respect to the ?rst memory bank 201_1, the ?rst 
decoding signal PREF a goes “loW”. Then, the PMOS 
transistors 1401 and 1405 are turned on and the NMOS 
transistor 1407 and a PMOS transistor 1403 are turned off. 
Thus, the internal poWer-supply voltage generator shoWn in 
FIG. 14 is disabled to stop operating. 

[0094] As described above, the internal poWer-supply 
voltage generator shoWn in FIG. 14 operates such that only 
the internal voltage generator corresponding to a memory 
bank on Which the refresh operation is performed operates. 
Thus, the internal voltage generator corresponding to a 
memory bank on Which the refresh operation is not per 
formed stops operating, thereby greatly reducing poWer 
consumption. 

[0095] While this invention has been particularly shoWn 
and described With references to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and detail may be made herein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 

[0096] For eXample, although a DRAM constituted by 
four memory banks has been described, the number of 
memory banks can be increased or decreased. Also, it has 
been described that refresh control signals are generated by 
address signals by Way of eXample in the speci?cation of the 
invention. HoWever, the refresh control signals can also be 
generated by signals Which are not used in a refresh mode. 
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What is claimed is: 
1. A dynamic random access memory (DRAM) compris 

ing: 
a plurality of individually-accessible memory banks; and 

a refresh controller for selectively performing a refresh 
operation for one or more memory banks among the 
plurality of memory banks during a self-refresh opera 
tion. 

2. The DRAM according to claim 1, Wherein the one or 
more memory banks to be refreshed are selected by a 
combination of control signals. 

3. A dynamic random access memory (DRAM) compris 
mg: 

a plurality of individually-accessible memory banks; 

a plurality of voltage generators corresponding to each of 
the respective memory banks, for supplying internal 
voltages to the respective memory banks; and 

a refresh controller for selectively performing a refresh 
operation for one or more memory banks among the 
plurality of memory banks during a self-refresh opera 
tion, 

Wherein the voltage generators are selectively enabled 
according to Whether a refresh operation is to be 
performed With respect to the corresponding memory 
banks. 

4. The DRAM according to claim 3, Wherein the enabled 
voltage generators are designated by a combination of 
control signals. 

5. The DRAM according to claim 3, Wherein the enabled 
voltage generators include at least one of a back-bias voltage 
generator and an internal poWer-supply voltage generator. 

6. A dynamic random access memory (DRAM) including 
a plurality of memory banks, each memory bank having a 
plurality of memory cells arranged in columns and roWs, 
Wherein the DRAM is capable of selectively refreshing data 
stored in each memory bank during operation in a self 
refresh mode, the DRAM comprising: 

a plurality of roW decoders for selecting Word lines of the 
memory cells in the memory banks; 

an address generator for generating internal addresses 
Which sequentially vary during a self-refresh mode; 

a refresh bank designating circuit for generating refresh 
bank designating signals for designating a memory 
bank to be refreshed; and 

a bank selection decoder for designating one or more 
memory banks to be refreshed by the refresh bank 
designating signals and for supplying refresh addresses 
to the roW decoders corresponding to the designated 
memory banks according to the internal addresses. 
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7. The DRAM according to claim 6, Wherein the refresh 
bank designating circuit comprises: 

a refresh controller for generating refresh control signals 
for controlling selection of memory banks to be 
refreshed; and 

a decoder for decoding the refresh control signals to 
generate the refresh bank designating signals. 

8. The DRAM according to claim 7, Wherein the refresh 
controller generates the refresh control signals in response to 
a predetermined eXternal address signal. 

9. The DRAM according to claim 7, Wherein the refresh 
controller comprises: 

a refresh entry detector for generating a self-refresh entry 
signal Which indicates entry of the DRAM into a 
self-refresh mode; and 

a refresh control signal generator enabled by activation of 
the self-refresh entry signal, for generating the refresh 
control signals in response to the eXternal address 
signal. 

10. The DRAM according to claim 7, Wherein the refresh 
controller includes control fuses and generates the refresh 
control signals in response to a state of the control fuses. 

11. The DRAM according to claim 6, Wherein the bank 
selection decoder supplies the refresh addresses to the 
memory banks selected by the refresh bank designating 
signals. 

12. The DRAM according to claim 6, Wherein the bank 
selection decoder further comprises at least one pre-decoder 
enabled by the refresh bank designating signal, for supply 
ing the refresh addresses corresponding to the internal 
addresses to the roW decoders corresponding to the selected 
memory bank. 

13. A dynamic random access memory (DRAM) com 
prising: 

a plurality of memory banks capable of being indepen 
dently accessed; 

a plurality of voltage generators corresponding to the 
respective memory banks, for supplying internal volt 
ages to the memory banks; and 

a refresh controller for selectively performing a refresh 
operation for one or more memory banks among the 
plurality of memory banks during a self-refresh opera 
tion, 

Wherein the number of enabled voltage generators is 
determined by the number of memory banks undergo 
ing a refresh operation. 

* * * * * 


