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(57) ABSTRACT 

A semiconductor dynamic random access memory (DRAM) 
300 With a programmable memory refresh counter 345 is 
presented. The counter 345 permits the speci?cation of 
portions of the DRAM 300 to be refreshed, saving poWer 
and time over DRAMs that refresh the entire memory. The 
counter 345 may be programmed With a Wordline address at 
the beginning of a block of memory and subsequent refresh 
operations automatically increment or decrement the value 
in the counter. Additionally, blocks of the memory not being 
refreshed can be accessed (Written or read), improving the 
utilization of the memory device. 
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PARTIAL REFRESH FOR SYNCHRONOUS 
DYNAMIC RANDOM ACCESS MEMORY (SDRAM) 

CIRCUITS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to semiconductor 
memory devices, and particularly to refreshing memory 
storage cells in a dynamic random access memory (DRAM). 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor devices are used for integrated cir 
cuits in a Wide variety of electrical and electronic applica 
tions, such as computers, cellular telephones, radios, and 
televisions. One particular type semiconductor device is a 
semiconductor storage device, such as random access 
memory (RAM) and ?ash memory. These semiconductor 
storage devices use an electrical charge to store information. 
Most semiconductor storage devices have their storage cells 
arranged in a tWo-dimensional array With tWo sets of select 
lines, Wordlines and bitlines. An individual storage cell is 
selected by ?rst activating its Wordline and then its bitline. 

[0003] Widely used forms of RAM include dynamic RAM 
(DRAM) such as synchronous DRAM (SDRAM). SDRAM 
and DRAM memory cells store information, bits (binary 
digits), in the form of an electrical charge on a capacitor. 
Because the electrical charge on the capacitor dissipates 
(leaks) over time, the electrical charge must be refreshed 
periodically. To refresh the electrical charge on the capacitor, 
the electrical charge currently on the capacitor is read 
(detected), ampli?ed, and then Written back to the capacitor. 

[0004] The majority of SDRAM memory devices avail 
able today have dedicated memory cell refresh circuits built 
into the memory device. These circuits normally comprise a 
counter that speci?es a Wordline, and When a refresh opera 
tion is requested by the user, the speci?ed Wordline is 
selected and all storage cells (capacitors) connected to the 
speci?ed Wordline are refreshed. After the refresh operation 
is complete, the counter is incremented (or decremented) 
depending on its particular implementation. 

[0005] This approach has several disadvantages; a ?rst 
being that the user does not knoW Which Wordline is being 
refreshed during a refresh operation and therefore must 
deactivate all Wordlines. Second, the user cannot specify 
Which parts of memory need to be refreshed and the entire 
memory is refreshed. This leads to refreshing memory cells 
that are not used, eXpending unnecessary poWer and time 
refreshing memory cells containing no data. 

[0006] Alternatively, the user of an SDRAM circuit can 
emulate a refresh command With conventional SDRAM 
commands by sending an activate command to a Wordline 
folloWed by a precharge (deactivate) command. This method 
alloWs the user to control Which Wordlines are refreshed. 
HoWever, the use of this method requires the submission of 
tWo commands (an activate command folloWed by a deac 
tivate command) per refresh cycle. Also, the Wordline 
address has to be provided With each refresh cycle during the 
submission of the activate command. 

[0007] A need has therefore arisen for a refresh circuit and 
method that alloWs the user to specify Which portions of the 
memory storage device to refresh and to determine Which 
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Wordline is being refreshed With the current operation With 
out needed to speci?cally specifying the Wordline With each 
refresh operation. 

SUMMARY OF THE INVENTION 

[0008] In one aspect, the present invention provides a 
semiconductor memory device comprising a memory com 
prising a plurality of memory storage cells to store binary 
data, a command interface coupled to the memory, the 
command interface containing circuitry to decode com 
mands provided to the device by a user and provide the 
decoded commands to control the operation of the device, a 
refresh circuit coupled to the memory and the command 
interface, the refresh circuit to provide an address of a 
portion of the memory to be refreshed, the refresh circuit 
comprising a programmable counter having a ?rst input 
coupled to the command interface and a second input 
coupled to an address bus, the programmable counter con 
taining circuitry to store an address provided on the address 
bus and to provide the stored address on an output of the 
refresh circuit, and a selection circuit having an input 
coupled to the command interface and an output coupled to 
the second input of the programmable counter, the selection 
circuit having circuitry to pass the address provided by the 
address bus to the programmable counter based on a com 
mand from the command interface. 

[0009] In another aspect, the present invention provides a 
dynamic random access memory (DRAM) device compris 
ing a memory containing a plurality of memory cells to store 
binary data, each memory cell including a transistor coupled 
in series With a capacitor, a command interface coupled to 
the memory, the command interface containing circuitry to 
decode commands provided to the device by a user and 
provide the decoded commands to control the operation of 
the device, a refresh circuit coupled to the memory and the 
command interface, the refresh circuit containing circuitry 
to provide an address of a portion of the memory to be 
refreshed, Wherein the command interface decodes a single 
external refresh command into ?rst and second internal 
commands, the ?rst internal command being a bank activate 
(RAS) command, activating a portion of the memory cor 
responding to an address received from an external address 
bus, and the second internal command being a precharge 
(PRE) command to the portion of memory refreshed by the 
RAS command. 

[0010] In yet another aspect, the present invention pro 
vides a method for refreshing a contiguous block of memory, 
the method comprising the steps (a) specifying an address 
corresponding to a start of the contiguous block of memory, 
(b) issuing a ?rst memory refresh command, (c) issuing a 
second memory refresh command, and (d) repeating step (c) 
until the contiguous block of memory is refreshed. 

[0011] The present invention provides a number of advan 
tages. For eXample, use of a preferred embodiment of the 
present invention alloWs the user to specify Which group of 
memory cells of a dynamic random access memory 
(DRAM) device to refresh, reducing the number of memory 
cells to refresh When only a percentage of the DRAM is 
being used. This partial refresh permits a considerable 
savings in poWer consumption (reducing poWer dissipation 
and increasing battery life) and time (reducing the number of 
memory cells requiring refresh). 
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[0012] Also, use of a preferred embodiment of the present 
invention allows the user to specify an initial Wordline 
address of a block of memory cells requiring refresh during 
the ?rst refresh operation and in subsequent refresh opera 
tions, the user is not required to specify subsequent Wordline 
addresses. This reduces the computation load on the user, 
alloW it to do other tasks. In addition, it keeps the overall 
poWer consumption of the application, Which includes the 
DRAM circuit, loW. This is because only the initial Wordline 
address is transferred, thus reducing the signal activity on 
the external address line. 

[0013] Additionally, use of a preferred embodiment of the 
present invention requires only a minor modi?cation to 
existing refresh circuits, including the changing the counter 
to a programmable counter. 

[0014] Also, use of a preferred embodiment of the present 
invention alloWs the user to knoW the address of the par 
ticular Wordline being refreshed in the refresh operation. By 
knoWing the address of the particular Wordline, the user does 
not have to deactivate all Wordlines in the memory storage 
device, only Wordlines inside the memory bank the Wordline 
being refreshed. This enables the user to activate Wordlines 
inside banks that are not being refreshed to accelerate 
memory accesses. 

[0015] Additionally, use of a preferred embodiment of the 
present invention eliminates the need of the user to issue a 
precharge command for the bank of memory containing the 
refreshed memory cells. This eliminates some of the over 
head involved in the refresh operation, simplifying the task 
performed by the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above features of the present invention Will be 
more clearly understood from consideration of the folloWing 
descriptions in connection With accompanying draWings in 
Which: 

[0017] FIG. 1 illustrates a prior art memory storage device 
With a refresh circuit containing a counter; 

[0018] FIG. 2 illustrates a timing diagram of a memory 
refresh operation using the memory storage device displayed 
in FIG. 1; 

[0019] FIG. 3 illustrates a memory storage device With a 
refresh circuit With a programmable counter permitting user 
speci?cation of a Wordline to refresh during a refresh 
operation according to a preferred embodiment of the 
present invention; 

[0020] FIG. 4 illustrates a timing diagram displaying a 
memory refresh operation using the memory storage device 
displayed in FIG. 3; 

[0021] FIG. 5 illustrates a timing diagram displaying a 
memory refresh operation using an automatically increment 
ing programmable counter to refresh a contiguous block of 
memory according to a preferred embodiment of the present 
invention; 

[0022] FIG. 6 illustrates the use of refresh command 
sequences to refresh only portions of memory used to store 
data according to a preferred embodiment of the present 
invention; and 

Nov. 27, 2003 

[0023] FIG. 7 illustrates an implementation of a single bit 
slice of a combination programmable counter and latch 
structure used to implement a refresh circuit With a pro 
grammable counter according to a preferred embodiment of 
the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0024] The making and use of the various embodiments 
are discussed beloW in detail. HoWever, it should be appre 
ciated that the present invention provides many applicable 
inventive concepts, Which can be embodied in a Wide variety 
of speci?c contexts. The speci?c embodiments discussed are 
merely illustrative of speci?c Ways to make and use the 
invention, and do not limit the scope of the invention. 

[0025] Referring noW to FIG. 1, a block diagram illus 
trates a prior art memory storage device 100 With a refresh 
circuit 140 With a counter 145 according to the technical 
standard, “PC SDRAM Speci?cation, Revision 1.7, Novem 
ber 1999,” Which is incorporated herein by reference. The 
memory storage device 100 has preferably three sets of 
inputs; an address bus, a command bus, and a data input/ 
output (data I/O) bus. The address bus is used by the user to 
specify a memory address of a particular memory storage 
cell or a group of cells in the memory storage device 100. 
The memory address may be thought of as being a combi 
nation of a Wordline address along With a bitline address of 
the storage cell(s). The command bus permits the user to 
issue commands to the memory storage device 100. Com 
mands include, but are not limited to: PRE (precharge), ACT 
(bank/Wordline-activate), READ (read data from memory 
cells), NOP (No operation), etc. The data I/O bus alloWs the 
user to provide or obtain data stored in the memory storage 
device 100. 

[0026] The memory storage device 100 includes: a com 
mand interface 110, a memory storage bank 120, an address 
multiplexor 135, and a refresh circuit 140. The memory 
storage bank 120 may, in turn, be made up of multiple 
memory storage banks. The command interface 110 is used 
to decode the command issued by the user and control the 
execution of the command. The command interface 110 is 
coupled to the memory storage bank 120 by an internal 
command bus 115. The internal command bus 115 provides 
internal commands that are decoded from user commands by 
the command interface 110 to the memory storage bank 120. 
For example, a PRE (precharge) command Would result in 
an internal command on the internal command bus 115, 
causing the deactivation of a Wordline in the memory 
storage bank 120 With an address speci?ed by an internal 
address bus 155. 

[0027] The refresh circuit 140 contains a counter 145. The 
counter 145 holds an address of a Wordline and a bank 
number that speci?es the Wordline that Will have its attached 
memory storage cells refreshed during the next refresh 
operation. The value in the counter 145 is incremented (or 
decremented) after the completion of the refresh operation to 
provide the address of another Wordline for the next refresh 
operation. The address multiplexor 135 selects from an 
address speci?ed by the user or one that is speci?ed by the 
refresh circuit 140. The command interface 110 provides the 
select line 130 for the address multiplexor 135 and the 
address selected depends upon the command issued by the 
user. 
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[0028] As implemented, the counter 145 is neither Write 
able nor readable by the user. This means that the user 
cannot specify an address of a Wordline to refresh nor can it 
detect the Wordline that Will be refreshed by the refresh 
operation. This results in several signi?cant disadvantages, 
including the inability to refresh only the memory storage 
cells that are actually being used to store data and the 
necessity of deactivating all Wordlines. By having to deac 
tivate all Wordlines, the user cannot keep memory banks 
activated that are not being refreshed by the current refresh 
operation, resulting in sloWer memory accesses. 

[0029] According to the PC SDRAM technical standard, 
the user can perform a user-controlled partial refresh of the 
memory storage device 100 Without using the existing 
refresh circuit 140 by using a combination of a bank activate 
(ACT) command and a precharge (PRE) command. Refer to 
the PC SDRAM technical standard for a more detailed 
explanation of the ACT and PRE commands. 

[0030] The ACT command turns on a Wordline as speci 
?ed by the user in a memory bank and roW address provided 
by the user on the address bus. The net effect of the ACT 
command is that the memory cells connected to the activated 
Wordline are refreshed. The succeeding precharge command 
then deactivates the Wordline so that other Wordlines Within 
the same memory bank can be refreshed. 

[0031] Referring noW to FIG. 2, a timing diagram illus 
trates the operation of ACT and PRE commands to perform 
a user-controlled refresh of a Wordline in a memory storage 
device. A ?rst timing trace 210 displays the contents of the 
command bus While a second timing trace 230 displays the 
bank address portion of the address bus and a third timing 
trace 240 displays the roW address portion of the address 
bus. The refresh operation is displayed in highlight 212. To 
initiate the refresh operation, the user speci?es the bank 
address and the roW address of the Wordline. This is done by 
placing the bank and roW addresses on the address bus. The 
user then places the ACT command (block 214) on the 
command bus. For example, FIG. 2 displays a bank address 
0 and a roW address 011. Then, according to the technical 
speci?cations, the user must Wait a speci?ed number of 
cycles for the refresh operation to complete. According to 
the PC SDRAM technical speci?cations, the user must Wait 
a time period that is at least equal to four command cycles. 
After Waiting the requisite amount of time, the user must 
issue a PRE command to deactivate the Wordline. To do so, 
the user places the bank address (bank 0 in the example) and 
issues the PRE command (block 218). The user does not 
need to specify the roW address because the PRE command 
deactivates all Wordlines Within a single memory bank. 

[0032] In the time available betWeen the PRE command 
(block 218) and the beginning of the next refresh operation, 
the user is free to perform other operations on the memory 
storage device. Block 222 displays the beginning of the next 
refresh operation While block 220 represents a minimum 
amount of time betWeen refresh operations. While the time 
represented by block 220 is shoWn as a single command 
cycle, in actuality, it can be greater than one command cycle. 
The average maximum amount of time betWeen refresh 
operations in a memory device permitting partial refresh is 
equal to a maximum amount of time that a memory cell can 
retain it information divided by the number of Wordlines in 
the memory storage cell that require refreshing, While in a 
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memory device that does not permit partial refresh, it is 
divided by the total number of Wordlines. 

[0033] It is readily evident that While a partial refresh can 
be performed using commands provided by the PC SDRAM 
technical standard and existing memory storage cells, it is an 
involved operation Where the user must specify the address 
of each Wordline and then issue tWo commands per refresh 
operation. 

[0034] Referring noW to FIG. 3, a block diagram illus 
trates a memory storage device 300 With a refresh circuit 340 
With a programmable counter 345 according to a preferred 
embodiment of the present invention. The memory storage 
device 300 is similar in operation and layout to the memory 
storage device 100 displayed in FIG. 1. Anotable difference 
is that the programmable counter 345 used in place of the 
counter 145 (FIG. 1). Additionally, several busses are pro 
vided, connecting the programmable counter 345 to an 
address bus 331 and a command interface 310. A bus 336 
betWeen the address bus 331 and the programmable counter 
345 alloWs the user to specify the contents of the program 
mable counter 345 by placing the desired address on the 
address bus 331 and issuing an appropriate command to load 
the programmable counter 345. A control signal bus 337 
betWeen the command interface 310 and the programmable 
counter 345 alloWs the command interface 310, upon the 
decoding of the appropriate command, to load the value on 
the address bus 331 into the programmable counter 345 by 
providing an appropriate load signal on the control signal 
bus 337. 

[0035] Selection circuitry (not shoWn) inside the refresh 
circuit 340 can enable or disable a connection betWeen the 
address bus 331 and the programmable counter 345 based 
upon signals provided by the command interface 310. When 
the proper signal is provided by the command interface 310 
via the control signal bus 337, the selection circuitry enables 
the bus 336 betWeen the address bus 331 and the program 
mable counter 345, resulting in the storing of an address on 
the address bus 331 in the programmable counter 345. When 
the bus 336 is disabled, the programmable counter 345 
maintains the value that it currently stores. The speci?c 
command used to load the contents of the programmable 
counter 345 is discussed beloW. 

[0036] A special command is used to load the program 
mable counter 345. The RAP (RoW address strobe With Auto 
Precharge and load) command loads the value on the address 
bus 331 into the programmable counter 345, activates the 
Wordline speci?ed in the address (resulting in the refresh of 
the memory cells connected to the Wordline), and then 
precharges the Wordlines in the memory bank containing the 
speci?ed Wordline. According to a preferred embodiment of 
the present invention, the RAP command is decoded in the 
command interface into tWo separate commands. A ?rst 
command being a bank activate command, similar to the 
RAS (or ACT) command, that activates a Wordline in the 
memory that corresponds to an address speci?ed in the 
address bus. The bank activate command also results in the 
address speci?ed on the address bus being stored in the 
programmable counter. A second command decoded from 
the RAP command is a precharge (PRE) command for the 
particular bank of memory containing the Wordline being 
refreshed. The decoding of a single command into tWo 
commands reduces the overall complexity placed on the 
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user, since the user does not need to count an amount of time 
equal to the time required for the refresh operation to 
complete and issue a PRE command of its oWn. 

[0037] According to a preferred embodiment of the 
present invention, a signal pin, referred to as an auto 
precharge control pin in SDRAM circuits, is present in the 
memory storage device 300. This control pin is used to 
indicate if an auto precharge operation should be performed 
at the end of a read or Write command as it is knoWn for 
SDRAM circuits. Additionally, in accordance With the 
SDRAM interface, the voltage level provided on this control 
pin distinguishes a precharge for one memory bank from a 
precharge for all memory banks command. Also, according 
to a preferred embodiment of the present invention, this 
control pin is used to indicate a bank activate command, or 
RAS, being executed in the memory storage device is a RAS 
command that is issued by the user or one that is decoded by 
the command interface 310 resulting from a RAP command 
issued by the user. 

[0038] Referring noW to FIG. 4, a timing diagram illus 
trates the operation of the RAP command to perform a 
refresh of a Wordline in a memory storage device according 
to a preferred embodiment of the present invention. A ?rst 
timing trace 410 displays the contents of the command bus 
While a second timing trace 420 displays the bank address 
portion of the address bus and a third timing trace 430 
displays the roW address portion of the address bus. The 
refresh operation is displayed in highlight 412. The refresh 
operation begins When the user Writes a bank address and 
roW address of the Wordline to be refreshed. The Writing of 
the addresses is displayed in blocks 422 and 432 respec 
tively. After providing the addresses, the user issues the RAP 
command (displayed in block 414). After the user issues the 
RAP command, the user is required to Wait a prerequisite 
amount of time for the refresh operation to complete before 
the user can access memory storage cells Within the memory 
bank. HoWever, since the user is specifying the Wordline that 
is being refreshed, the user knoWs Which bank of memory 
the Wordline resides in. Because of this knoWledge, the user 
can access other memory cells or other Wordlines residing in 
other memory banks. In fact, the user can perform other 
refresh operations. In fact, the user can perform as many 
overlapping refresh operations as there are memory banks in 
the memory storage device. Notice that since the RAP 
command is decoded into tWo internal commands With the 
required PRE command being the second, the user is not 
required to issue its oWn PRE command. Continuing, FIG. 
4 illustrates the beginning of a second refresh operation 
(displayed in block 416) Where the user again speci?es the 
address of the Wordline that it Wishes to refresh. 

[0039] According to the PC SDRAM technical standard, a 
CBR (auto refresh) command is provided to refresh a 
Wordline that is subsequent to the value stored in the counter 
in the refresh circuit. When used in conjunction With the 
RAP command discussed previously, the CBR command 
can be used to refresh a contiguous sequence of Wordlines 
but only requiring the user to specify the address of only the 
?rst Wordline in the sequence of Wordlines. 

[0040] Referring noW to FIG. 5, a timing diagram illus 
trates the operation of the RAP and CBR commands to 
perform a refresh of a sequence of Wordlines in a memory 
storage device according to a preferred embodiment of the 
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present invention. A ?rst timing trace 510 displays the 
contents of the command bus While a second timing trace 
520 displays the bank address portion of the address bus and 
a third timing trace 530 displays the roW address portion of 
the address bus. The refresh operation is displayed in 
highlight 512. The refresh operation begins When the user 
Writes a bank address and roW address of the Wordline to be 
refreshed. The Writing of the addresses is displayed in blocks 
522 and 532, respectively. After providing the addresses, the 
user issues the RAP command (displayed in block 514). 
After the user issues the RAP command, the user is required 
to Wait a prerequisite amount of time for the refresh opera 
tion to complete before the user can access memory storage 
cells Within the memory bank containing the Wordline 
speci?ed in the address. 

[0041] After the refresh operation initiated by the RAP 
command (block 514) completes, the user issues a CBR 
command (block 516). The CBR does not require the user to 
specify the address of any Wordline; instead, it takes the 
contents of the programmable counter in the refresh circuit 
and increments (or decrements, depending on implementa 
tion) its value and performs a refresh operation on the 
Wordline corresponding to the neW address. For eXample, 
the RAP operation (block 514) speci?ed a Wordline With a 
bank address 0 and a roW address 011. The CBR operation 
(block 516) Would then refresh a Wordline With a bank 
address 0 and a roW address 100, assuming the program 
mable counter is implemented as an autoincrement program 
mable counter. The user could continue to issue more CBR 
commands to complete the refreshing of a contiguous block 
of memory storage cells. 

[0042] Referring noW to FIG. 6, a block diagram illus 
trates the use of a RAP command and a sequence of CBR 
commands to refresh a consecutive sequence of Wordlines in 
a memory storage device according to a preferred embodi 
ment of the present invention. FIG. 6 illustrates a block of 
memory 605 comprising four individual memory banks 
(Bank 0625, Bank 1630, Bank 2635, and Bank 3640). FIG. 
6 also illustrates tWo sequences of RAP and CBR refresh 
commands displayed as highlights 610 and 620. The ?rst 
sequence 610 comprising one RAP and three CBR com 
mands and the second sequence 620 comprising one RAP 
and ?ve CBR commands. 

[0043] The ?rst sequence 610 starts With a RAP command 
and the user specifying a Wordline address located at the 
bottom of Bank 0625. After the speci?ed Wordline is 
refreshed, the user issues a sequence of three CBR com 
mands to refresh three other Wordlines in Bank 0, Which lay 
in consecutive order to the speci?ed Wordline. After the ?rst 
sequence 610 completes, the user starts the second sequence 
620 With another RAP command, specifying a Wordline 
located in Bank 2635. After the RAP command completes, 
the user issues a sequence of ?ve CBR commands to refresh 
?ve other Wordlines. Note that the Wordline refreshed by the 
third CBR command lies Within Bank 3640 and not Bank 
2635. 

[0044] FIG. 6 additionally illustrates several blocks of 
unused memory, displaying them as shaded blocks 650 and 
655. Note that by using the tWo refresh command sequences 
610 and 620, the user is able to refresh the memory storage 
cells that require refreshing (the storage cells actually used 
to store data) and the unused memory storage cells are not 
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refreshed. Because the refresh operation consumes a signi? 
cant amount of poWer and time, a large amount of poWer and 
time can be saved, resulting in more ef?cient operation and 
longer battery life and less heat dissipation. 

[0045] Referring noW to FIG. 7, a block diagram illus 
trates a single bit slice of a combination programmable 
counter and latch structure 700 for use in implementing a 
refresh circuit With programmable counter according to a 
preferred embodiment of the present invention. The struc 
ture 700 is a single bit slice, meaning that a series of these 
structures can be joined together to form a multi-bit struc 
ture. For eXample, if a 16 bit programmable counter With 
latch structure is desired, then a series of 16 of the structures 
700 can be combined together to form the 16 bit program 
mable counter With latch structure. The structure 700 com 
prising: a receiver and storage latch circuit 701, a master 
slave ?ip-?op circuit 702, a latch and signal driver circuit 
703, a ?rst transmission gate circuit 704, and a second 
transmission gate circuit 705. 

[0046] The receiver and storage latch circuit 701 is used to 
store a single bit of an eXternal address provided by the user. 
A receiver 710 is used to amplify a single bit of the eXternal 
address. A tWo cross-coupled inverters 725 and 730 are used 
to store the single bit value placed on the address bus, in a 
synchronous fashion. Atransmission gate 720 permits the bit 
value from receiver 710 to propagate to the tWo cross 
coupled inverters 725 and 730 When a ?rst clock input 
CLKAN is high and When a second clock input CLKAP is 
loW. A second transmission gate 735 permits the data stored 
in the cross-coupled inverters 725 and 730 to propagate to 
the latch and signal driver circuit 703 When clock input 
CLKAN is loW and CLKAP is high. The receiver and storage 
latch circuit 701 can be thought of as latching a single bit of 
the external address With a rising edge on clock CLKAP. 

[0047] The master-slave ?ip-?op circuit 702 is constructed 
of tWo pairs of cross-coupled inverters, a ?rst pair of 
cross-coupled inverters comprising inverters 775 and 780 
and a second pair of cross-coupled inverters comprising 
inverters 793 and 795. The output of the second pair of 
cross-coupled inverters 793 and 795 is fed back into the 
input of the ?rst pair of cross-coupled inverters. With the 
additional inverters 785, 787, 789, 791, and 799, the stored 
bit value toggles betWeen high and loW values With each 
loW-high cycle on signal RACPI. The output signal RACPJ 
connects to the input signal RACPI of the neXt bit slice. The 
master-slave ?ip-?op circuit 702 is used to store a single bit 
of the programmable counter in the refresh circuit. A signal 
CBRRESET is used to alloW the clearing of the bit stored in 
the master-slave ?ip-?op circuit 702. 

[0048] The latch and signal driver circuit 703 stores the 
data provided by the receiver and storage latch circuit 701 in 
its oWn pair of cross-coupled inverters 740 and 745 and an 
additional inverter 750 inverts and ampli?es the stored data 
to provide suf?cient signal strength. The data stored in the 
latch and signal driver circuit 703 may be thought of as the 
internal address that is to be used to access a Wordline in the 
memory storage device. It is noted that Without limiting the 
scope of this present invention, inverters 730, 785, 791, 780, 
and 795 are shoWn as tristate inverters as they are Widely 
knoWn in the art. The input signals, Which are sWitching the 
inverter from tristate mode into the active mode (and vice 
versa), are connected vertically to the inverter on the top and 
bottom of the inverter. 
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[0049] The ?rst transmission gate circuit 704 comprising 
a transmission gate 760 and a negative RAP (RAPN) and 
positive RAP (RAPP) signals permit the stored address bit 
(stored in the latch and signal driver circuit 703) to be stored 
in the master-slave ?ip-?op circuit 702. When RAPN is loW 
and RAPP is high, the output SADD of the latch and signal 
driver circuit 703 is forced onto signal line ADDSET, Which 
is coupled to the master-slave ?ip-?op circuit 702. There 
fore, the content of the master-slave ?ip-?op circuit 702 is 
overWritten by the output SADD of the latch and signal 
driver circuit 703. The latch and signal driver circuit 703 
implements the loading of the master-slave ?ip-?op circuit 
702 With an address bit provided by the user. 

[0050] The second transmission gate circuit 705 compris 
ing a transmission gate 755 and a negative clock (CLKRN) 
and a positive clock (CLKRP) signals permit the stored 
internal address bit (stored in the master-slave ?ip-?op 
circuit 702) to overWrite the contents of the latch and signal 
driver circuit 703. When CLKRN is loW and CLKRP is high, 
the output of the master-slave ?ip-?op circuit 702 overWrites 
the contents of the latch and signal driver circuit 703. This 
implements the loading of the internal address stored in the 
programmable counter onto the internal address bus for use 
in addressing a Wordline, Whose address is stored in the 
programmable counter. 

[0051] While this invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments, 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. It is therefore intended that the appended claims 
encompass any such modi?cations or embodiments. 

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

a memory comprising a plurality of memory storage cells 
to store binary data; 

a command interface coupled to the memory, the com 
mand interface containing circuitry to decode com 
mands provided to the device by a user and provide the 
decoded commands to control the operation of the 
device; 

a refresh circuit coupled to the memory and the command 
interface, the refresh circuit to provide an address of a 
portion of the memory to be refreshed, the refresh 
circuit comprising: 

a programmable counter having a ?rst input coupled to 
the command interface and a second input coupled to 
an address bus, the programmable counter contain 
ing circuitry to store an address provided on the 
address bus and to provide the stored address on an 
output of the refresh circuit; and 

a selection circuit having an input coupled to the 
command interface and an output coupled to the 
second input of the programmable counter, the selec 
tion circuit having circuitry to pass the address 
provided by the address bus to the programmable 
counter based on a command from the command 
interface. 
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2. The semiconductor memory device of claim 1 further 
comprising an address multipleXor having inputs coupled to 
the refresh circuit, the address bus, and the command 
interface, and an output coupled to the memory, the address 
multipleXor containing circuitry to select an address from 
one of its inputs and providing the selected address to its 
output. 

3. The semiconductor memory device of claim 2, Wherein 
the input coupled to the command interface provides a signal 
for use in selecting the address. 

4. The semiconductor memory device of claim 1, Wherein 
the programmable counter stores an address provided on the 
address bus When a bank activate command is provided to 
the command interface by a user via a RAP command. 

5. The semiconductor memory device of claim 4, Wherein 
the command interface decodes the RAP command into tWo 
internal commands: 

a ?rst command to store an address provided on the 
address bus in the programmable counter and refresh a 
portion of memory corresponding to the address; and 

a second command to precharge a bank of memory 
containing the portion of memory corresponding to the 
address. 

6. A dynamic random access memory (DRAM) device 
comprising: 

a memory containing a plurality of memory cells to store 
binary data, each memory cell including a transistor 
coupled in series With a capacitor; 

a command interface coupled to the memory, the com 
mand interface containing circuitry to decode com 
mands provided to the device by a user and provide the 
decoded commands to control the operation of the 
device; 

a refresh circuit coupled to the memory and the command 
interface, the refresh circuit containing circuitry to 
provide an address of a portion of the memory to be 
refreshed; 

Wherein the command interface decodes a single eXternal 
refresh command into ?rst and second internal com 
mands: 

the ?rst internal command being a bank activate (RAS) 
command, activating a portion of the memory cor 
responding to an address received from an eXternal 
address bus; and 

the second internal command being a precharge (PRE) 
command to the portion of memory refreshed by the 
RAS command. 

7. The DRAM device of claim 6, Wherein the RAS 
command also saves the address provided on the address bus 
to a programmable counter in the refresh circuit. 

8. The DRAM device of claim 6 further comprising a 
signal input pin coupled to the command interface, the signal 
input pin indicating if a RAS command decoded by the 
command interface is the RAS decoded from the single 
external refresh command. 

9. The DRAM device of claim 8, Wherein if the RAS 
command decoded by the command interface is a RAS 
command issued by a user, then signal input pin is asserted 
false. 
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10. The DRAM device of claim 8, Wherein the signal 
input pin is an auto precharge input pin of synchronous 
DRAM circuits. 

11. A method for refreshing a contiguous block of 
memory comprising: 

(a) specifying an address corresponding to a start of the 
contiguous block of memory; 

(b) issuing a ?rst memory refresh command; 

(c) issuing a second memory refresh command; and 

(d) repeating step (c) until the contiguous block of 
memory is refreshed. 

12. The method of claim 11, Wherein the ?rst memory 
refresh command uses the speci?ed address and refreshes a 
portion of the contiguous block of memory corresponding to 
the speci?ed address and stores the speci?ed address in a 
counter. 

13. The method of claim 12, Wherein the ?rst memory 
refresh command is a modi?ed bank activate command 

(RAP command). 
14. The method of claim 13, Wherein the RAP command 

leads to the execution of a bank activate/deactivate 
sequence. 

15. The method of claim 11, Wherein the speci?ed address 
is stored in a counter, and the second memory refresh 
command increments the stored address and refreshes a 
portion of the contiguous block of memory corresponding to 
the incremented address. 

16. The method of claim 11, Wherein the speci?ed address 
is stored in a counter, and the second memory refresh 
command decrements the stored address and refreshes a 
portion of the contiguous block of memory corresponding to 
the decremented address. 

17. The method of claim 11, Wherein the second memory 
refresh command is an auto refresh (CBR) command of 
synchronous DRAM circuits. 

18. The method of claim 11, Wherein the speci?ed address 
corresponds to an address of a Wordline at the start of the 
contiguous block of memory. 

19. The method of claim 18, Wherein the ?rst memory 
refresh command refreshes memory storage cells coupled to 
the Wordline corresponding to the speci?ed address. 

20. The method of claim 11, Wherein the speci?ed address 
is stored in a counter and the second memory refresh 
command decrements the stored address and refreshes 
memory storage cells coupled to a Wordline corresponding 
to the decremented address. 

21. The method of claim 11, Wherein the speci?ed address 
is stored in a counter and the second memory refresh 
command increments the stored address and refreshes 
memory storage cells coupled to a Wordline corresponding 
to the incremented address. 

22. The method of claim 11 further comprising the step (e) 
repeating steps (a)-(d) for remaining blocks of memory 
requiring refreshing. 


