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(57) ABSTRACT 

A delay device is added to the addressing and refreshing 
circuitry of a DRAM array comprised of DRAM devices 
less volatile than conventional DRAM devices and, thus, 
need not be refreshed as often. The delay device is connected 
to intercept refresh signals generated by a conventional 
DRAM refresh controller and initiates a refresh cycle after 
disregarding a predetermined number of refresh signals 
generated by the refresh controller Whose total duration 
equals the interval by Which the less volatile DRAM devices 

(21) APPL No. 10/002 707 must be refreshed. The delay device also is adapted to poWer 
’ off circuitry needed to address the DRAM devices When the 

(22) Filed; ()CL 24, 2001 DRAM devices are not being refreshed or otherWise 
accessed. Additional circuitry is added to selectively poWer 

Publication Classi?cation on only speci?c addressing devices actually needed to 
address those certain portions of the array being refreshed at 

(51) Int. Cl.7 ..................................................... .. G11C 7/00 that time. 
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SYSTEM AND METHOD FOR POWER SAVING 
MEMORY REFRESH FOR DYNAMIC RANDOM 

ACCESS MEMORY DEVICES AFTER AN 
EXTENDED INTERVAL 

TECHNICAL FIELD 

[0001] The present invention is directed to dynamic ran 
dom access memory (DRAM) devices, and, more particu 
larly, to a system and method for saving poWer While 
refreshing DRAM devices such as programmable conductor 
DRAM (PCDRAM) devices Which only need to be 
refreshed after an extended interval. 

BACKGROUND OF THE INVENTION 

[0002] Most computers and other digital systems have a 
system memory Which often consists of dynamic random 
access memory (“DRAM”) devices. DRAM devices are 
fairly inexpensive because a DRAM memory cell needs 
relatively feW components to store a data bit as compared 
With other types of memory cells. Thus, a large system 
memory can be implemented using DRAM devices for a 
relatively loW cost. HoWever, DRAM devices have the 
disadvantage that their memory cells must be continually 
refreshed because of the inherently transitory nature of their 
storage technology. 

[0003] Generally a DRAM memory cell consists of a 
transistor/capacitor pair. High and loW voltages stored in the 
capacitor represent logical one and Zero data bits, respec 
tively. In a basic DRAM memory cell, one plate of the 
capacitor is connected to the drain of the transistor, and the 
other plate is connected to ground. Adata bit is Written to the 
cell by enabling the gate of the transistor and applying a 
voltage corresponding to the data bit to be Written to the 
transistor’s source. The enabled transistor conducts the 
voltage to the capacitor, charging the capacitor and storing 
the data bit. When the transistor is disabled, the data bit 
remains stored. Re-enabling the transistor reconnects the 
capacitor to the source of the transistor, and the stored 
voltage representing the data bit can be read at the source. 

[0004] The foregoing is a simpli?ed vieW, ignoring tWo 
considerations presented by the physical nature of the 
capacitor used in the memory cell. First, a capacitor can hold 
a voltage only brie?y. The smaller the capacitor, the shorter 
is the duration for Which the voltage can be stored. In a 
DRAM memory device containing thousands of memory 
cells on a single piece of a semiconductor Wafer, these 
capacitors are in?nitesimal, and can only reliably maintain 
a voltage for microseconds. Consequently, these memory 
cells must be refreshed thousands of times per second. 
Second, because these stored voltages dissipate so rapidly, 
reading the voltage after just a short interval requires a sense 
ampli?er. The use of a sense ampli?er is Well knoWn in the 
art to detect Whether a stored voltage is high or loW, and 
drive it toWard the appropriate binary voltage parameter of 
the digital device. Fortunately, reading each cell using a 
sense ampli?er not only reads the bit stored in the cell, but 
also simultaneously refreshes the voltage stored in that cell. 
The use of sense ampli?ers to read and refresh DRAM 
memory cells is Well knoWn in the art. In the interest of 
brevity, the details of their operation Will not be recounted 
here. 

[0005] Constantly refreshing DRAM memory cells pre 
sents tWo problems. First, refreshing memory cells sloWs the 
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useful function of the memory. Memory cells are presented 
in arrays of roWs and columns, often thousands of roWs deep 
and thousands of columns Wide. Even though entire roWs of 
an array are refreshed at a time, it still requires thousands of 
refresh operations to refresh every roW in the array. More 
over, these memory arrays cannot be accessed during a 
refresh cycle. Unless the memory array is equipped With a 
dual accessing mechanism, a roW cache device, or similar 
means, the array can be neither read from nor Written to 
during a refresh cycle Without interrupting or destroying the 
cycle. If the central processing unit or other controller 
initiates a memory read or Write operation during a refresh 
cycle, the processor or controller Will have to Wait for 
completion of that refresh cycle. This Waiting sloWs pro 
cessing throughput. 
[0006] Second, and even more problematic than process 
ing delays, is the poWer consumed in the continual, rapid 
refreshing of these memory cells. Thousands of times per 
second, the gate of each transistor in each memory cell 
across the entire DRAM array must be activated to refresh 
the array. Resistance of the conductors through the memory 
array to address each and every transistor, in each and every 
roW, in each and every column, consumes considerable 
poWer. More poWer is consumed by transistors used in the 
sense ampli?ers Which read and refresh the memory cells in 
respective columns. Still further, supporting circuitry needed 
to access the roWs of memory cells, such as a refresh 

counter, roW multiplexers, roW decoders, and address 
latches, uses even more poWer. 

[0007] A simpli?ed vieW of a typical, conventional 
DRAM memory array is depicted in FIGS. 1 and 1A. Both 
shoW part of a 256 Mb array 110 Which stores data in tWo 
conventional DRAM memory banks 112 and 114. Each 
memory bank 112 and 114, for example, has 8,192 roWs of 
memory cells, for a total of 16,384 roWs. The ?gures are 
simpli?ed most notably in the sense that they omit compo 
nents such as column address multiplexers, column address 
latches, and column decoders. As is Well knoWn, reading 
from or Writing to a memory bank requires both a roW and 
a column address to identify the speci?c memory location 
Where the data is or Will be stored. Both roW and column 
addressing circuits are needed to read from and Write data to 
the memory banks. On the other hand, refreshing a memory 
bank is typically performed by reading and thereby refresh 
ing an entire roW at a time across each memory bank, and 
column addresses are irrelevant. The invention described in 
this application is directed to a system and method for 
refreshing a memory array, thus column addressing is not 
germane. Further discussion of column addressing means 
has been omitted for the sake of simplicity. 

[0008] A memory array can be refreshed in either a burst 
refresh mode or a distributed refresh mode. Using a burst 
refresh mode, every roW of a memory array is sequentially 
refreshed in rapid succession. Then, after every passage of 
a predetermined interval, every roW of the memory array 
again is refreshed in rapid succession. The maximum dura 
tion of the predetermined interval is the span of time after 
Which the data stored in the DRAM array begins to degrade 
less the time required to sequentially refresh every roW in the 
array. This standard interval is necessarily brief considering 
the rapid refreshing needs of a conventional DRAM device. 

[0009] FIG. 1 depicts a system memory Which employs 
burst refresh. A refresh controller 120 generates a refresh 
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signal after the passage of the predetermined interval. Incre 
mented by each pulse of a refresh clock 122, a refresh 
counter 124 sequences through a series of 14-bit binary 
numbers. The 14-bit binary number equates to one of 214 or 
16,384 numbers, one of Which uniquely corresponds to the 
address of each roW of one of the tWo memory banks 112 and 
114. 

[0010] Each roW in the memory banks 112 and 114 is 
accessed through a netWork of addressing circuitry 160 
Which includes a roW address multiplexer 130, roW address 
latch A 150, roW address latch B 152, and roW decoders 
132-142. Depending upon Whether the roW address gener 
ated by the refresh counter 124 refers to a roW in memory 
bank A 112 or memory bank B 114, the roW address is 
directed by the roW multiplexer 130 to roW address latch A 
150 or roW address latch B 152, respectively. From the 
appropriate roW address latch 150 or 152, ?ve bits of the 
14-bit address uniquely identify one of the 25 or sixteen roW 
decoders 132-142 associated With each memory bank. The 
remaining nine bits of the address uniquely correspond to 
one of the 29 or 512 roWs addressed by each roW decoder 
132-142. Only a feW of the sixteen roW decoders needed for 
each memory bank 112 and 114 are shoWn in the ?gures for 
the sake of visual clarity. 

[0011] After supplying the address of a roW to the appro 
priate memory bank 112 or 114, that roW Will be read and 
thereby refreshed by sense ampli?ers incorporated in each 
memory bank 112 and 114. In this manner, the entire 
memory array is refreshed, roW by roW. Once the refresh 
counter 124 has sequenced through all 16,384 roW 
addresses, the refresh cycle is over. The refresh counter 124 
and the addressing circuitry 160 sit idle, consuming poWer, 
aWaiting the next refresh signal from the refresh controller 
120 or the next external address signal 126. 

[0012] Using a distributed refresh mode, one roW of the 
memory array is refreshed, then, after passage of a prede 
termined interval, the next roW of the array is refreshed. This 
process is repeated until every roW in the memory array is 
refreshed. The predetermined interval betWeen the refresh 
ing of each roW is far shorter than the predetermined interval 
betWeen refresh cycles in a burst refresh context. The 
maximum duration of the predetermined interval betWeen 
roW refreshes is the span of time after Which the data stored 
in the DRAM array begins to degrade, less the time required 
to sequentially refresh every roW in the array, divided by the 
number of roWs in the array. In other Words, all other 
variables being equal, the predetermined interval in the 
distributed refresh mode Would be equal to the predeter 
mined interval in the burst refresh mode divided by the 
number of roWs in the memory array. For example, assuming 
that the span of time after Which the data stored in the 
DRAM array begins to degrade and the total time to refresh 
the roWs themselves is equal to that for the DRAM array 
refreshed in a burst refresh mode, and there are 8,192 roWs 
in the array, the predetermined interval betWeen roW 
refreshes in a distributed refresh Would be 1/8,192 as long as 
the predetermined interval betWeen array refreshes in a burst 
refresh. 

[0013] FIG. 1A depicts a system memory Which employs 
distributed refresh. The refresh cycle in a distributed refresh 
mode is largely similar to the refresh cycle in a burst refresh 
mode, as re?ected by hoW similar FIG. 1A is to FIG. 1. The 
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essential difference in a memory system employing distrib 
uted refresh is that there is not a single signal from the 
refresh controller 120 Which initiates a refresh of the entire 
memory array. Instead, after each passage of the much 
shortened predetermined interval, the refresh controller 120 
generates a refresh signal that causes one roW of either 
memory bankA 112 or memory bank B 114 to be refreshed. 
The refresh controller 120, instead of enabling a rapid count 
of the refresh counter 124 through its entire sequence, pulses 
the refresh counter 124 causing its count to be incremented 
by one. This roW address is passed to the addressing circuitry 
160 Which reads and thereby refreshes one roW of the array 
in an identical manner as to hoW each roW of the memory 

array is refreshed in a burst refresh. Then, after the passage 
of another much shortened predetermined interval, the 
refresh controller 120 emits another refresh signal Which 
increments the refresh counter 124, Which, in turn, causes 
the next roW in the memory array to be read and refreshed. 
This process repeats continually. 

[0014] Regardless of Which mode of refresh is employed, 
merely the number of devices needed to refresh the array 
suggests that signi?cant poWer is consumed in refreshing the 
array. Moreover, in an actual system memory, poWer Would 
have to be supplied to eight times as many memory cells and 
decoders for every byte of data stored. For example, to store 
256 MB of data, eight parallel 256 Mb arrays are needed, 
each of Which has its oWn tWo banks of memory cells, 
sixteen roW decoders, tWo roW address latches, and a roW 
address multiplexer. The aggregate amount of poWer used to 
refresh the cells throughout an entire system memory 
becomes relatively immense. 

[0015] The poWer expended in these refresh cycles is a 
signi?cant problem. Most signi?cantly, excessive poWer 
consumption quickly exhausts battery poWer in increasingly 
popular portable computing devices. The consumption of 
this poWer also generates a great deal of heat. For all the 
poWer expended in refreshing these DRAM memory cells, 
an additional—and substantial—quantity of poWer is 
expended by cooling fans in eliminating the Waste heat 
produced during these refresh cycles. 

[0016] Much of the poWer Wasted in refreshing DRAM 
memory could be saved by using less volatile DRAM 
devices. Instead of having to be refreshed thousands of times 
per second, after the passage of only a brief interval, less 
volatile DRAM devices only need to be refreshed after the 
passage of an extended interval. For one example, program 
mable conductor dynamic random access memory 
(PCDRAM) devices need to be refreshed far less frequently 
than conventional DRAM devices. One knoWn form of 
PCDRAM memory cell 200, as depicted in FIG. 2A, uses a 
conducting layer 202, Which may be comprised of silver, 
applied to an insulating layer 204, Which may be comprised 
of glass. The conducting layer 202 and insulating layer 204 
are perpendicularly disposed in a frame of insulating mate 
rial 206. Conducting plates 208 and 210 are disposed on 
outermost surfaces of the conducting layer 202 and insulat 
ing layer 204, respectively. Tautologically, the conducting 
layer 202 conducts, Whereas the insulating layer 204 does 
not conduct. When a loW voltage is applied across the 
conducting plates 208 and 210, the voltage Will not be 
conducted because it Will be blocked by the insulating layer 
204. Therefore, the memory cell is 200 not conductive in its 
initial state. 
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[0017] However, applying a relatively high voltage across 
the conducting plates 208 and 210 causes the cell to become 
conductive by changing the structure of the cell 200. FIG. 
2B depicts the same memory cell 200 after a relatively high 
voltage has been applied. The relatively high positive volt 
age forces dendrils 212 of the material from the conducting 
layer 202 through the insulating layer 204 toWard the 
conducting plate 210 disposed on the insulating layer 204. 
Formation of the dendrils 212 of material from the conduct 
ing layer 202 through the insulating layer 204 is caused by 
the charged metal particles being attracted and repelled by 
?elds of differing or similar charge, respectively. This phe 
nomenon is knoWn, and Will not be described further here in 
the interest of brevity. 

[0018] Because the voltage has driven dendrils 212 of 
material from the conducting layer 202 through the insulat 
ing layer 204 to contact the conducting plate 210 on the 
opposite surface of the insulating layer 204, the cell 200 
becomes conductive. The cell 200 Will noW conduct When 
even loW voltages are applied, thus, this cell effectively noW 
stores a logical one Which later can be read by the system 
associated With the memory cell 200. 

[0019] The memory cell 200 can also be reprogrammed to 
store a logical Zero. As shoWn in FIG. 2C, after application 
of a relatively high voltage of reverse polarity, i.e., With the 
positive voltage applied to the conducting plate 210, 
reverses the migration of the dendrils 212 of material from 
the conducting layer. The dendrils 212 of material from the 
conducting layer 202 passing through the insulating layer 
204 are forced back toWard the conducting layer 202 and out 
of the insulating layer 204 by the same natural attraction and 
repulsion of charges Which originally caused the cell to be 
programmed. This relatively high voltage of reverse polarity 
causes the memory cell 200 to become nonconductive once 
more. When a lesser voltage is applied, the memory cell 200 
Will no longer conduct. Thus, and the cell noW effectively 
stores a logical Zero. In sum, higher voltages of opposite 
sense can be used to program and reprogram these cells to 
conduct or not conduct, storing logical ones or Zeroes, 
respectively. 
[0020] The PCDRAM memory cell 200 described is far 
less volatile than a conventional DRAM memory cell. 
Without being refreshed, a conventional DRAM cell only 
can maintain its logical bit for microseconds, While the 
PCDRAM memory cell 200 potentially can maintain its 
logical bit for days. Eventually, natural diffusion of the 
material from the conducting layer 202 into and out of the 
insulating layer 204 resulting from ordinary atomic motion 
Will corrupt the data stored. Nonetheless, PCDRAM devices 
need only be refreshed after an eXtended interval, thus, less 
poWer is needed to refresh these devices than is needed for 
the frequent refreshing required by conventional DRAM 
devices. 

[0021] The problem remains that systems designed to 
Work With conventional DRAM arrays are very common and 
standardiZed. One might substitute an array of PCDRAM 
memory cells in place of an array of conventional DRAM 
cells. HoWever, poWer still Would be Wasted because control 
systems designed to Work With conventional DRAM cells 
Would refresh the PCDRAM cells at a rate consistent With 
the refresh rate requirements of conventional DRAM cells. 
The PCDRAM memory cells Would be refreshed at a rate 
that is signi?cantly higher than is required, Wasting poWer. 
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[0022] The need to redesign circuitry interfacing With the 
DRAM devices to take advantage of the poWer savings 
possible With PCDRAM devices may, at least initially, limit 
the usefulness of and market demand for PCDRAM devices. 
What is needed is a Way to alloW circuitry developed to 
refresh conventional DRAMs to Work With PCDRAMs 
Without Wasting poWer. It is to this need that the present 
invention is directed. 

SUMMARY OF THE INVENTION 

[0023] Through the addition of refresh signal delay means, 
an array comprised of less volatile DRAM devices, Which 
only need to be refreshed after an eXtended interval, can be 
refreshed less frequently, consuming less poWer, While still 
using conventional DRAM refreshing control circuitry. The 
delay means delays externally generated refresh signals 
supplied to accommodate the refresh rate required by con 
ventional DRAM memory devices but, in response, gener 
ates far less frequent delayed refresh signals. This reduces 
the frequency With Which the less volatile DRAM devices 
Will be refreshed, and poWers off supporting addressing 
circuitry When it is not needed. Therefore, the delay means 
alloWs computing systems designed to use conventional 
DRAM devices to Work With DRAM devices Which only 
need to be refreshed after an eXtended interval and reduces 
the amount poWer Wasted through unnecessarily frequent 
refresh cycles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a simpli?ed block diagram of a section of 
a conventional DRAM memory array that may be adapted to 
use the invention in a burst refresh mode. 

[0025] FIG. 1A is a simpli?ed block diagram of a section 
of a conventional DRAM memory array that may be adapted 
to use the invention in a distributed refresh mode. 

[0026] FIG. 2A is a cross-sectional vieW of a knoWn 
programmable conductor DRAM (PCDRAM) memory cell 
in its initial state before the application of a voltage that can 
be used to Write to the cell that may be used With the 
invention. 

[0027] FIG. 2B is a cross-sectional vieW of the PCDRAM 
cell depicted in FIG. 2A after a high voltage has been 
applied to the cell to Write a logical one to the cell. 

[0028] FIG. 2C is a cross-sectional vieW of the PCDRAM 
cell depicted in FIG. 2B after a high voltage of polarity 
opposite to that applied to cause the state depicted in FIG. 
2B has been applied to the cell to Write a logical Zero to the 
cell. 

[0029] FIG. 3 is a symbolic block diagram generally 
representing the functioning of embodiments of the present 
invention. 

[0030] FIG. 4 is a block diagram of the same section of a 
DRAM memory array depicted in FIG. 1 replacing the 
conventional DRAM devices With DRAM devices Which 
only need to be refreshed after an eXtended interval and 
adapted With a ?rst embodiment of the invention to reduce 
the poWer needed to refresh the memory array using a burst 
refresh mode. 

[0031] FIG. 4A is a block diagram of the same section of 
a DRAM memory array depicted in FIG. 1 replacing the 
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conventional DRAM devices With DRAM devices Which 
only need to be refreshed after an extended interval and 
adapted With a ?rst embodiment of the invention to reduce 
the poWer needed to refresh the memory array using a 
distributed refresh mode. 

[0032] FIG. 5 is a timing diagram of the ?rst embodiment 
of the invention to re?ect the reduction in state changes 
made possible by the ?rst embodiment of the invention. 

[0033] FIG. 6 is a block diagram of the same section of a 
DRAM memory array depicted in FIG. 4 further adapted 
With a second embodiment of the invention to save addi 
tional poWer in refreshing the memory array using a burst 
refresh mode. 

[0034] FIG. 6A is a block diagram of the same section of 
a DRAM memory array depicted in FIG. 4 further adapted 
With a second embodiment of the invention to save addi 
tional poWer in refreshing the memory array using a dis 
tributed refresh mode. 

[0035] FIG. 7 is a timing diagram of the second embodi 
ment of the invention to re?ect the reduction in state changes 
made possible by the second embodiment of the invention. 

[0036] FIG. 8 is a block diagram of a computer system 
using a memory array employing DRAM devices Which 
only need to be refreshed after an extended interval and a 
poWer saving memory device of an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] FIG. 3 represents the basic operation of embodi 
ments of the present invention. External control devices 
designed to Work With conventional DRAM devices Will 
generate frequent conventional refresh signals. These con 
ventional refresh signals 310 Will be generated at a fre 
quency f Which corresponds to the rapidity With Which 
conventional DRAM devices must be refreshed. Control 
systems designed to Work With DRAM devices that only 
need to be refreshed after an extended interval generate 
delayed refresh signals 320 far less often at a frequency f. 
As described, conventional DRAM devices might need to be 
refreshed thousands of times per second, Whereas DRAM 
devices such as PCDRAM cells may only need to be 
refreshed once per day. In this example, therefore, frequency 
f‘ could be many orders of magnitude smaller than frequency 
f. The present invention uses delay means 330 operable to 
receive the conventional refresh signals 310 and, at appro 
priately delayed intervals, generate the less frequent delayed 
refresh signals 320. Thus, With the present invention, exter 
nal devices designed to Work With conventional DRAM 
devices may be used With DRAM devices Which only need 
to be refreshed after an extended interval, Without Wasting 
poWer on unnecessarily frequent refresh cycles. 

[0038] FIG. 4 depicts a memory array 410 very similar to 
the memory array 110 described in FIG. 1. Identical com 
ponents shoWn in FIG. 4 have been provided With the same 
reference numeral, and explanation of their function and 
operation Will not be repeated in the interest of brevity. The 
differences betWeen the memory array 110 shoWn in FIG. 1 
and the memory array 410 shoWn in FIG. 4 are tWofold. 
First, the memory array 410 depicted in FIG. 4 has been 
adapted to use DRAM memory banks Which only need to be 
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refreshed after an extended interval 412 and 414. Second, to 
employ a ?rst embodiment of the invention and take advan 
tage of the potential poWer savings afforded by the use of the 
DRAM memory banks Which only need to be refreshed after 
an extended interval 412 and 414, a delay counter 420 has 
been added to the memory array 410. The memory array 410 
shoWn in FIG. 4 employs burst refresh, as does memory 
array 110 in FIG. 1. 

[0039] The delay counter 420 shoWn in FIG. 4 is a bit up 
counter Which extends the interval betWeen refresh cycles 
being conducted in the memory banks 412 and 414, and 
poWers off supporting circuitry When it is not needed. The 
delay counter 420 extends the interval betWeen refresh 
cycles by intercepting and counting the refresh signals being 
generated by the refresh controller 120, the refresh controller 
120 being responsive to externally applied refresh signals. 
The delay counter 420 generates a delayed refresh signal to 
initiate a refresh cycle only after having counted a large, 
predetermined number of refresh signals from the refresh 
controller 120. In effect, the over?oW signal of the delay 
counter 420 becomes the actual refresh signal for the 
memory array 410. 

[0040] FIG. 5 shoWs hoW the delay counter 420 receives 
refresh signals from the refresh controller 120 and periodi 
cally generates a delayed refresh signal to trigger a refresh 
cycle. The refresh controller 120 generates a refresh signal 
as often as is needed to refresh conventional DRAM 
memory banks 112 and 114 With Which the conventional 
external circuitry (not shoWn) Was designed to operate. In a 
conventional DRAM array, each pulse of the refresh con 
troller 120 Would trigger a refresh cycle for the entire 
memory array 410. HoWever, even though the refresh con 
troller 120 issues a refresh signal at intervals t1 through tlo, 
the refresh counter 124 and the addressing circuitry 160, 
including the roW multiplexer 130, roW address latches 150 
and 152, and roW decoders 132-142, remain poWered off and 
no refresh cycle is conducted until t3. Instead, for each 
refresh signal generated by the refresh controller 120, the 
delay counter 420 is incremented. The delayed refresh signal 
Will be generated only When a desired number of refresh 
signals generated by the refresh controller 120 have been 
counted and skipped. 

[0041] At t3 the delay counter 420 reaches its over?oW 
count and the delay counter 420 over?oW signal goes high. 
As shoWn in FIG. 5, the over?oW signal from the delay 
counter 420 turns on the refresh counter 124 and the rest of 
the addressing circuitry 160, including the roW multiplexer 
130, roW address latches 150 and 152, and roW decoders 
132-142. The refresh counter 124 cycles through all 214 or 
16,384 roW addresses in the memory array 410. Each 
address is passed to the roW address multiplexer 130 Which, 
in turn, directs the generated address to one of tWo roW 
address latches 150 and 152. The roW address latches 150 
and 152 supply the roW address to one of sixteen roW 
address decoders 132-142 associated With each memory 
bank 410 and 412. 

[0042] At the conclusion of the refresh cycle, the over?oW 
bit of the refresh counter 124 goes high as depicted at t4 of 
FIG. 5. This over?oW bit is fed back to the delay counter 
420 and resets it. At this point, the delay counter 420 once 
again begins counting the refresh signals generated by the 
refresh controller 120, initiating a refresh cycle only after the 
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delay counter 420 again reaches its over?ow count. A 
suitably large delay counter 420 could be used so that the 
delay counter 420 Would only over?oW as often as needed 
to refresh the memory banks 412 and 414 only after an 
extended interval. 

[0043] The cells in the memory banks 412 and 414 do not 
need to be refreshed thousand of times per second as do 
conventional memory cells, thus, the addressing circuitry 
160, including the roW multiplexer 130, the roW address 
latches 150 and 152, and the roW decoders 132-142, all can 
be left poWered off except as needed. Unneeded refresh 
signals generated by the refresh controller 120, as shoWn at 
t1, t2, t5, and t8 in FIG. 5, can be ignored, and the addressing 
circuitry left poWered off. PoWer need not be supplied to the 
addressing circuitry 160 until the delay counter 420 reaches 
over?oW and indicates the addressing circuitry 160 needs to 
be poWered on, as shoWn at t3 and again at t9. The addressing 
circuitry 160 can be poWered off at the conclusion of each 
of the refresh cycles, as shoWn at t4 and t1O in FIG. 5. 

[0044] The addressing circuitry 160 still Will be needed to 
perform memory read or Write operations, as signaled by the 
external address signal 126 as shoWn at t6. HoWever, 
because the refresh counter 124 is not needed for a memory 
read or Write operation, the refresh counter 124 can still be 
left poWered off at these times. 

[0045] The addressing circuitry 160 Will be poWered on by 
the delay counter 420 or the external address signal 126. If 
the poWer sourced by the over?oW signal of the delay 
counter 420 or external address signal 126 is not suf?cient 
to poWer the addressing circuitry 160, the over?ow signal of 
the delay counter 420 or the external address signal 126 can 
be used to enable a transistor having suf?cient poWer 
handling capability to poWer these circuits. Use of a tran 
sistor or other device Which can supply more poWer, 
sWitched by the output of another circuit, is Well knoWn in 
the art and Will not be described here further for the sake of 
brevity. 
[0046] FIG. 4A depicts a similar memory array 410A 
adapted to use the ?rst embodiment of the invention in a 
distributed refresh mode. There are only three differences 
betWeen the memory array 410A depicted in FIG. 4A and 
memory array 410 depicted in FIG. 4. First, the refresh 
counter 124 is pulsed by the delay counter 420 instead of the 
refresh clock 122. As previously described, When using a 
distributed refresh mode, each refresh signal issued by the 
refresh controller 120 causes one single roW of the memory 
banks 412 and 414 to be refreshed at a time instead of all the 
roWs being refreshed in a single sequence. The delay counter 
420 Will count a large, predetermined number of these 
signals before initiating the refresh sequence for the next 
roW in the memory array. Also as previously described, 
because one refresh sequence Will be initiated for each of the 
8,192 roWs in the memory array 410A, the interval betWeen 
refresh sequences initiated by the delay counter 420 Will be 
1/8,192 as long as the interval betWeen refresh sequences 
initiated by the delay counter 420 for the memory array 410. 
Second, in the memory array 410A the refresh counter 124 
is not poWered on and off by the delay counter 420. Using 
distributed refresh, the refresh counter 124 must constantly 
maintains its roW count. Third, in the memory array 410A, 
an over?oW output of the refresh counter 124 is not needed. 

[0047] No separate timing diagram is included for the 
embodiment of the invention depicted in FIG. 4A. As Will 
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be appreciated in light of the foregoing discussion, the main 
differences betWeen the timing of operations betWeen the 
burst and distributed refresh mode embodiments are that the 
refresh counter 124 alWays remains on and there is no need 
for a refresh counter 124 over?oW signal. Thus, the plots of 
these signals in FIG. 5 can be ignored. Just as With the burst 
mode embodiment, When the delay counter 420 reaches 
over?oW, the addressing circuitry is poWered on and the next 
roW in the memory array is refreshed. 

[0048] In sum, the ?rst embodiment of the invention 
provides three signi?cant advantages. First, none of the 
circuitry designed to Work With conventional DRAM 
devices, including the refresh controller 120, refresh clock 
122, refresh counter 124, roW decoders 132-142, roW 
address latches 150 and 152, and roW multiplexer 130 or any 
external circuitry directing the refresh controller 120, must 
be redesigned or even altered. The embodiment of FIG. 4 
alloWs the use of conventional refreshing circuitry only by 
adding the delay counter 420 to control the enabling of the 
addressing circuitry 160. Second, poWer consumption is 
reduced Within the memory storage banks 412 and 414 
themselves because those banks Would not constantly be 
refreshed. Third, poWer consumed by the addressing cir 
cuitry 160 is reduced because these devices Would be 
poWered off When not in use. 

[0049] A second embodiment of the invention shoWn in 
FIG. 6 shoWs hoW additional poWer can be saved by 
selectively poWering on only parts of the addressing cir 
cuitry 660 during a refresh cycle. In the ?rst embodiment of 
the invention, When either the delay counter 420 reaches 
over?oW, all of the addressing circuitry 160 is poWered on, 
regardless of Which roW of Which memory bank 412 or 414 
is to be accessed. In other Words, Whenever the memory 
banks 412 or 414 are accessed, thirty-?ve different devices 
are poWered on, including the roW address multiplexer 130, 
tWo roW address latches 150 and 152, and thirty-tWo roW 
decoders 132-142. Further, considering that the memory 
array 410 stores just one bit of What presumably is at least 
an eight-bit Word, then at least eight times as many devices 
Would be poWered on each time the memory is accessed for 
a read, Write, or refresh operation, even though only one roW 
can be read from, Written to, or refreshed at one time. 

[0050] This second embodiment uses ?ve additional con 
trol devices to control addressing of the memory array 
during refresh cycles, only three of Which are poWered on at 
one time When using a burst refresh mode. These additional 
devices alloW for only six supporting devices to be activated 
at a time during a refresh cycle instead of thirty-?ve. This 
saves the Wasteful poWering and heat generation of tWenty 
nine super?uous devices. For a memory array eight bits in 
Width, forty-eight devices Would only need to be poWered on 
at one time instead of tWo-hundred and eighty. 

[0051] FIG. 6 depicts a memory array 610 very similar to 
the memory array 410 described in FIG. 4. PCDRAM 
memory banks Which only need to be refreshed after an 
extended interval 412 and 414 still are being used, and to 
take advantage of their loWer volatility, a delay counter 420 
again is employed to extend the interval betWeen refresh 
cycles. Five devices are added to the memory array 610 
shoWn in FIG. 6: a bank segment bit up counter 670, tWo 
roW bit up counters 680 and 682, and tWo roW decoder 
selectors 690 and 692. The purpose of these devices is to 
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selectively power on only the roW decoder 132-142 that is 
needed at any one point of a refresh cycle. These roW 
decoders 132-142 constitute thirty-tWo of the thirty-?ve 
devices or 90% of the addressing circuitry 160 (FIGS. 1 and 
4) conventionally used to sequentially address a memory 
array during a refresh cycle. 

[0052] The sample memory array 610 again includes tWo 
memory banks 412 and 414, each of Which comprises, for 
example, 8,196 roWs of memory cells. Associated With each 
of the memory banks 412 and 414 are sixteen roW decoders 
132-142. Each roW decoder addresses 512 roWs of a memory 
bank. To sequentially access each of the roW decoders 
132-142, a four-bit counter is needed to sequentially gener 
ate a code for each of the 24 or sixteen counters. This 
embodiment of the invention includes tWo four-bit roW bit 
up counters 680 and 682, one to generate the address of each 
of the sixteen roW decoders 132-142 for each memory bank 
412 and 414. Associated With each of the tWo counters 680 
and 682 is a four-bit demultiplexer Which serves as a roW 
decoder selector 690 and 692. For each four-bit sequence 
generated by each of the roW bit up counters 680 and 682, 
these roW decoder selectors Will activate one bit of a 
sixteen-bit Wide output as is Well knoWn in the art. These 
pairs of additional devices, roW bit up counterA 680 and roW 
decoder selector A 690, and roW bit up counter B 682 and 
roW bit up decoder B 692, can selectively and sequentially 
poWer on each of the sixteen bit roW decoders 132-142 for 
each of their respective memory banks 412 and 414, one roW 
at a time. 

[0053] FIG. 7 shoWs hoW the delay counter 420 receives 
refresh signals from the refresh controller 120, periodically 
triggers a refresh cycle, and governs the selective poWering 
on of the addressing circuitry 660. As compared to FIG. 5, 
Which described the operation of the ?rst embodiment of this 
invention, FIG. 7 details a shorter interval of time to 
highlight the sequential poWering on of the individual roW 
decoders 132-142 during a refresh cycle. Unlike FIG. 5, in 
FIG. 7 the refresh signals generated by the refresh controller 
120 are not shoWn; it Will be appreciated that the refresh 
controller 120 necessarily continues to generate refresh 
signals, but depiction of its signal has been eliminated from 
this ?gure for the sake of simplicity. 

[0054] At t1, the delay counter 420 has counted the large, 
predetermined number of refresh signals generated by the 
refresh controller 120 to Warrant initiating a refresh 
sequence for the DRAM memory banks Which only need to 
be refreshed after an extended interval 412 and 414. The 
over?oW signal of the delay counter 420 goes high and 
poWers on the refresh counter 124, the roW address multi 
plexer 130, and the roW address latches 150 and 152. 
HoWever, in contrast to the ?rst embodiment of this inven 
tion, the over?oW signal generated by the delay counter 420 
does not poWer on each of the roW decoders 132-142. 
Instead, this over?oW signal poWers on roW bit up counter 
A 680, roW decoder selectorA 690, and the bank segment bit 
up counter 670. With roW bit up counter A 680 poWered on 
in its initial state, it supplies a count of four Zeroes to roW 
decoder selector A 690. RoW decoder selector A therefore 
activates roW decoder A0 132. Because it is active, roW 
decoderAO 132 is able to sequentially address each of the 29 
or 512 roWs that it addresses in memory bank A 412. These 
roW addresses are supplied to roW decoder A0 132 by roW 
address latch A 150, Which has received that address from 
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the roW address multiplexer 130. The roW address multi 
plexer 130 has generated this address by decoding the count 
provided to it by the refresh counter 124. 

[0055] In this example, the bank segment bit up counter 
670 is a nine-bit counter that Will reach over?oW after 
counting 29 or 512 pulses of the refresh clock 122. The 
over?oW of the bank segment bit up counter 670 is con 
nected to both the roW bit up counters 680 and 682. The 
over?oW signal from the bank segment bit up counter 670 
can increment roW bit up counters 680 and 682 after every 
512 pulses of the refresh clock 122 have enabled the 
refreshing of each of the 512 roWs in the memory bank 
segment addressed by each of the roW decoders 132-142. 
The same refresh clock 122 pulses the bank segment bit up 
counter 670 and the refresh counter 124. Thus, the nine-bit 
count maintained by the bank segment bit up counter 670 
and the nine least signi?cant bits of the count maintained by 
the refresh counter 124 Will be synchroniZed. Because they 
are synchroniZed, With the completion of each nine-bit 
count, the bank segment bit up counter 670 Will over?oW to 
increment the appropriate roW bit up counter 680 and 682, 
in turn enabling the appropriate roW decoder selector 690 
and 692 to activate the appropriate roW decoder 132-142, 
While the refresh counter 124 continues to count the roWs it 
refreshes throughout the memory array 610. 

[0056] At time t2 the bank segment bit up counter 670 has 
sequenced through its entire nine-bit sequence and generates 
an over?oW signal. This over?oW signal increments roW bit 
up counter A 680. In turn, roW decoder selector A 690 
generates a different sixteen-bit code Which poWers off roW 
decoder A0 132 and poWers on roW decoder A1 134. As the 
bank segment bit up counter 670 again sequences through its 
nine-bit count, the refresh counter 124 sequences through 
the nine least signi?cant bits of its count for the second time. 
This time, hoWever, the nine least signi?cant bits of the 
count generated by refresh counter 124 are applied through 
roW decoder A1 134 and serve to address and refresh the next 
512 roWs of memory bank A 412. 

[0057] At t3, When the bank segment bit up counter 670 
reaches over?oW for the second time, roW decoder A1 134 is 
then poWered off While the next roW decoder A2 (not shoWn 
in FIG. 6) is poWered on, While all the other roW decoders 
132-142 remain poWered off. This sequence continues until 
t4, When the bank segment bit up counter 670 has reached 
over?oW for the sixteenth time. At t4, having counted sixteen 
over?oWs of the bank segment bit up counter 670, roW bit 
up counterA 680 reaches over?oW. As shoWn in FIG. 7, this 
over?oW signal poWers on roW decoder selector B 682 and 
its associated roW decoder selector 692. A simple latch, 
Whose use is Well knoWn in the art, could be used to preserve 
the high over?oW signal generated by roW bit up counter A 
680 to maintain poWer to roW bit up counter B 682 and its 
associated roW decoder selector B 692 While poWering off 
roW bit up counter A 680 and roW decoder selector A 690. 

[0058] As Was the case With roW bit up counter A 680, 
When it is poWered on at t4, roW bit up counter B 682 
supplies a count of four Zeroes to roW decoder selector B 
692. RoW decoder selector B 692 activates roW decoder BO 
138. RoW decoder BO 138 then sequentially addresses each 
of the 512 roWs of memory bankA 412 that it serves. These 
roW addresses are supplied to roW decoder BO 138 by roW 
address latch B 152, Which has received that address from 
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the roW address multiplexer 130. The roW address multi 
plexer 130 has generated this address by decoding the count 
provided to it by the refresh counter 124. 

[0059] At t5 the bank segment bit up counter 670 has 
sequenced through its nine-bit count and reached over?ow. 
This over?oW signal causes roW bit up counter B 682 to 
increment, in turn causing roW decoder selector B 692 to 
poWer off roW decoder BO 138 and activate roW decoder B1 
140. Thus, as With the sixteen roW decoders 132-136 asso 
ciated With memory bank A 412, the repeated over?oW of 
the bank segment bit up counter 670 activates one at a time 
the sixteen address decoders 138-142 associated With 
memory bank B 414, While each addresses the 512 roWs it 
serves in associated memory bank B 414. 

[0060] At t6 all sixteen roW decoders 132-142 for both 
memory banks 412 and 414 have been sequentially acti 
vated, each roW decoder 132-142 has addressed and 
refreshed all 512 roWs it serves, the refresh counter 124 
reaches over?oW, and the refresh cycle is complete. Over 
?oW of the refresh counter 124, as in the ?rst embodiment, 
poWers off the addressing circuitry 660 and the refresh 
counter 124. One difference in the second embodiment is 
that feWer devices in the addressing circuitry 660 Will be 
turned off upon over?oW of the refresh counter 124. This is 
because only a feW devices needed to refresh the last 512 
roWs of memory bank B 414 still Will be poWered on at the 
end of the refresh cycle, including the roW address multi 
plexer 130, roW address latch A 150, roW address latch B 
152, roW bit up counter B 682, roW decoder selector B 692, 
and roW decoder B15 142. These, too, Will be poWered off 
upon over?oW of the refresh counter 124. 

[0061] At t7, When an external address signal 126 is 
received, all the addressing circuitry 660 is poWered up. In 
this embodiment, all of the circuitry is poWered up so that 
each of the memory banks 412 and 414 can be accessed 
quickly, Without the processor or controller generating the 
external address signal 126 having to Wait for the sequential 
activation of roW decoders 132-142 Which Would sloW 
system processing throughput. The memory access initiated 
by receipt of the external address signal 126 is completed at 
t8, and all of the addressing circuitry 660 is poWered off. 

[0062] FIG. 6A depicts a similar memory array 610A 
adapted to use the ?rst embodiment of the invention in a 
distributed refresh mode. There are only three differences 
betWeen the memory array 610A depicted in FIG. 6A and 
memory array 610 depicted in FIG. 6. First, as With the ?rst 
embodiment of the invention adapted to use distributed 
refresh, the refresh counter 124 is pulsed by the delay 
counter 420 instead of the refresh clock 122. Second, in the 
memory array 610A, the refresh counter 124, the roW 
segment bit up counter 670, and roW bit up counter A 680 
and roW bit up counter B 682 are not poWered on and off by 
the delay counter 420. Using distributed refresh, the refresh 
counter 124 and the bank segment bit up counter 670 must 
constantly maintain their roW counts. Similarly, at least one 
of either roW bit up counter A 680 or roW bit up counter B 
682, Whichever is currently active, must remain poWered on 
to maintain its count of Which of the roW decoders 132-142 
should be activated When the next roW is refreshed. Using 
latches (not shoWn), the over?oW output of roW bit up 
counter A 680 can be used to poWer on roW bit up counter 
B 682, and the over?oW output of roW bit up counter B 682 
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can be used to poWer on roW bit up counter A 680 so that the 
one not being used does not need to be poWered on at all 
times. Alternatively, for design simplicity, both roW bit up 
counters 680 and 682 could be left poWered on at all times. 
Accordingly, using distributed refresh mode, three or four 
additional devices Will need to be poWered on at all times. 
Third, in the memory array 410A, an over?oW output of the 
refresh counter 124 is not needed. 

[0063] No separate timing diagram is included for the 
embodiment of the invention depicted in FIG. 6A. As Will 
be appreciated in light of the foregoing discussion, the main 
differences betWeen the timing of operations betWeen the 
burst and distributed refresh mode embodiments are that the 
refresh counter 124, the bank segment bit up counter 670, 
and at least one of the roW bit up counters 680 and 682, 
alWays remain on, thus the plots of these signals in FIG. 7 
can be ignored. As also Will be appreciated, When the delay 
counter 420 reaches over?oW, the addressing circuitry 660 
Will be poWered on, one roW Will be refreshed, and then the 
addressing circuitry Will be poWered off until the next delay 
counter 420 over?oW. Just as With the burst mode embodi 
ment, When either of the roW bit up counters 680 and 682 
reach over?oW, it may be poWered off and thereby poWer on 
its counterpart, or, as previously described, both could 
remain poWered on at all times. 

[0064] Certainly, the invention also could be embodied in 
other forms. One example not shoWn in the ?gures could be 
a hybrid form using a series of distributed refresh signals 
generated by the refresh controller to perform, in essence, a 
sloW burst refresh of the array after the passage of an 
extended interval. The refresh controller Would be pro 
grammed to generate roW refresh signals after the passage of 
a suitable interval for a conventional DRAM array. The 
delay counter Would intercept, count, and ignore a number 
of these distributed refresh signals until the passage of an 
extended interval by When the less volatile memory devices 
Would have to be refreshed. As With other embodiments, the 
number of refresh signals from the refresh controller to be 
ignored Would be determined by the duration of the 
extended interval divided by the duration betWeen refresh 
signals generated by the refresh controller for a conventional 
DRAM memory array. 

[0065] After the extended interval had passed, the delay 
counter Would pass the refresh signals from the refresh 
controller through to the refresh counter. This could be 
handled by connecting the over?oW signal from the delay 
counter and the refresh signal from the refresh controller to 
an AND gate, the output of Which Would become the input 
pulse to the refresh controller. After counting a number of 
refresh signals corresponding to the extended interval caus 
ing the delay counter’s over?oW signal to go high, the 
refresh signals Would cause a high output from the AND gate 
Which, in turn, Would pulse the refresh counter. The roWs of 
the less volatile memory array Would then be refreshed 
sequentially as pulsed by the roW refresh signals from the 
refresh controller. In other Words, the memory array Would 
be refreshed in one sloW, sequential burst in rhythm to the 
roW refresh signals from the refresh controller after the 
passage of an extended interval. Once all the roWs Were 

refreshed, the delay counter Would reset, and proceed to 
ignore another long sequence of roW refresh commands 
from the refresh controller until the less volatile memory 
array once again needed to be refreshed. 
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[0066] This is just one potential additional embodiment. 
Other embodiments of the invention also conceivably might 
be created to exploit the poWer savings afforded by the use 
of a delay apparatus to avoid unnecessary refresh cycles. 

[0067] Embodiments of the invention can be incorporated 
into a computer system by one skilled in the art. FIG. 8 is 
a block diagram of a computer system 810 that includes a 
processor 812 for performing various computing functions 
by executing softWare to perform speci?c calculations or 
tasks. The processor 812 is coupled to a processor bus 814 
that normally includes an address bus, a control bus, and a 
data bus (not separately shoWn). In addition, the computer 
system 810 includes a system memory 816, Which could be 
the memory array 410 of FIG. 4 or the memory array 610 
of FIG. 6, both of Which use DRAM devices Which only 
need to be refreshed after an extended interval, such as 
PCDRAM devices, and supporting circuitry Which enables 
the poWer savings previously described. The system 
memory 816 is coupled to the processor bus 814 by a system 
controller 820 or similar device, Which is also coupled to an 
expansion bus 822, such as a Peripheral Component Inter 
face (“PCI”) bus. Abus 726 coupling the system controller 
820 to the system memory 816 also normally includes an 
address bus, a control bus, and a data bus (not separately 
shoWn), although other architectures can be used. For 
example, the data bus of the system memory 816 may be 
coupled to the data bus of the processor bus 814, or the 
system memory 816 may be implemented by a packetiZed 
memory (not shoWn), Which normally does not include a 
separate address bus and control bus. 

[0068] The computer system 810 also includes one or 
more input devices 834, such as a keyboard or a mouse, 
coupled to the processor 812 through the expansion bus 822, 
the system controller 820, and the processor bus 814. Also 
typically coupled to the expansion bus 822 are one or more 
output devices 836, such as a printer or a video terminal. 
One or more data storage devices 838 are also typically 
coupled to the expansion bus 822 to alloW the processor 812 
to store data or retrieve data from internal or external storage 
media (not shoWn). Examples of typical storage devices 838 
include hard and ?oppy disks, tape cassettes, and compact 
disk read-only memories (CD-ROMs). The processor 812 is 
also typically coupled to cache memory 840 through the 
processor bus 814. 

[0069] It should be noted that, unlike conventional DRAM 
devices 112 and 114, PCDRAM devices also must be 
signaled as to When they are being refreshed as opposed to 
merely being read. The reason for this, as Was previously 
described, is one of the inherent differences betWeen con 
ventional DRAM devices and PCDRAM devices. In a 
conventional DRAM memory cell, reading a memory cell 
through an associated sense ampli?er simultaneously and 
automatically refreshes that cell. Accordingly, presented 
With a roW address, a conventional DRAM device Will read 
the cells in that roW, and, coincidentally, refresh the cells in 
that roW. By contrast, a PCDRAM device cannot be 
refreshed simply by reading it. Ahigher voltage than carried 
by read signals in the device must be applied to cause the 
formation or reformation of dendrils 212 (FIG. 2B). Thus, 
the memory banks 412 and 414 must be signaled that this is 
not an ordinary read signal, but that the addresses in that roW 
must be read and refreshed With the application of a higher 
voltage, as previously described. 
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[0070] One also should note that PCDRAM devices them 
selves can be poWered off When not being accessed. 
PCDRAM devices store their data bits by undergoing a 
physical transformation as previously described. Thus, they 
can be turned off When not in use. In the ?rst embodiment 
of the invention, memory bank A 412 and memory bank B 
414 could be poWered on and off by the same delay counter 
420 over?oW signal that poWered on the addressing circuitry 
160. In the second embodiment of the invention, memory 
bankA 412 could be poWered on by the same delay counter 
420 over?oW signal that poWers on roW bit up decoderA 680 
and roW decoder selector A 690, and poWered off by the 
same roW bit up counter A 680 over?oW signal that poWers 
off roW bit up decoder A 680 and roW decoder selector A 
690. Similarly, memory bank B 414 could be poWered on by 
the same roW bit up counter A 680 over?oW signal that 
poWers on roW bit up decoder B 682 and roW decoder 
selector B 692, and poWered off by the same refresh counter 
124 over?oW signal that poWers off roW bit up decoder B 
682 and roW decoder selector B 692. 

[0071] In sum, the ?rst embodiment of the invention saves 
poWer by extending the time betWeen refresh cycles to 
exploit less volatile DRAM devices Which need to be 
refreshed only after an extended interval. The ?rst embodi 
ment accomplishes this predominantly through the use of a 
delay counter Which delays the refresh signals generated by 
a conventional refresh controller designed for conventional 
DRAM memory devices, and generates refresh signals much 
less frequently. The second embodiment of the invention 
further saves poWer during each refresh cycle by sequen 
tially activating only the roW decoders needed to address the 
roWs currently being refreshed rather than poWering on all 
the roW decoders at once. 

[0072] It is to be understood that, even though various 
embodiments and advantages of the present invention have 
been set forth in the foregoing description, the above dis 
closure is illustrative only. Changes may be made in detail, 
and yet remain Within the broad principles of the invention. 

1. A DRAM memory, having circuitry to refresh its 
memory cells, and being responsive to external refresh 
commands and an external address signal, comprising: 

a DRAM array comprised of roWs of DRAM memory 
cells that must be refreshed after an extended refresh 

interval; 

a roW addressing system operably connected to the 
DRAM array, the roW addressing system responsive to 
a roW address signal by accessing a roW in the DRAM 
array corresponding to the roW address signal; 

a refresh controller generating a refresh signal; 

a refresh counter operably connected to the roW address 
ing system, sequentially generating the roW address 
signal of each roW in the DRAM array in response to 
a delayed refresh signal; and 

a delay counter operably connected to the roW addressing 
system, the refresh controller, and the refresh counter, 
the delay counter generating the delayed refresh signal 
causing the roWs of DRAM memory cells comprising 
the DRAM array to be refreshed after the extended 
refresh interval has passed, the delay counter measur 
















