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BACKGROUND OF THE INVENTION

A class of memory devices called pseudo-static memory are typically

memory devices that are functionally equivalent to static random access memory (SRAM)

10 devices, but include internal refresh circuitry, so that the devices appear to the use as not
needing refresh operations. In general, these memory devices can be operated in the same
manner one would operate a conventional SRAM, but have a memory core based on
conventional dynamic random access memory (DRAM) cells. As is well known in the art,
a major distinction between the two types of memory cells is that DRAM memory cells

15 need to be periodically refreshed to maintain the stored data whereas SRAM memory cells
do not.

There are advantages to employing a conventional DRAM memory core
over a conventional SRAM memory core in a memory device. For example, memory
density for a DRAM memory array can be much greater than that for a SRAM memory

20 array. In the case of a DRAM memory cell, only one transfer gate and a storage device,
typically a capacitor, is necessary to store one bit of data. Consequently, each DRAM
memory cell is considerably smaller than a conventional SRAM memory cell, which may
have as many as six transistors per memory cell. The simple structure and smaller size of
the DRAM memory cell translates into a less complicated manufacturing process, and

25 consequently, lower fabrication costs when compared to the SRAM memory cell.



25 consequently, lower fabrication costs when conpared to the SRAM nenory
cell. 08 SEP 2006 WO 03/081596 PCT/US03/08510 2 In spite of theggSEP 2006
af orenenti oned advant ages provi ded by a DRAM nenory core, there are Issues
rel ated tqyhlhgoddesi gn and operation of a conventional DRAMRRMAsY10 ar ray
that make its application undesirable. For exanple, as previously nentioned,
DRAM nenory cells need to be refreshed periodically or the data stored by
the capacitors will be 5 lost. As a result, additional circuitry nust be
included in the nenory device to support the refresh operation. It is also
general ly the case that access tinmes forp, DRAM nenory cores are greater than
the access tinmes for SRAM nenory cores. Additionally, a nenory access
operation for a conventional DRAM nenory core is such that once the
operation has begun, the en%lre access égcle shoul d be conpl e hﬁ 10 or the
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activated row are sensed and amplified. A column including a particular memory cell of

the activated row is selected by coupling the column to an input/output line. At this time,
data can be read from or written to the particular memory cell. Following the read or write

15 operation, the row of memory cells is deactivated, thus, storing the charge state in the
respective capacitors of the memory cells. As is generally known, the process of sensing
the charge state of the memory cells is destructive, and unless the access cycle is completed
with the charge state being amplified and the row being deactivated, the data stored by the
memory cells of the activated row will be lost. In contrast, for a conventional asynchronous

20 SRAM memory device, the SRAM sense operation is non-destructive and does not have
the same type of access cycle as a conventional DRAM memory device. Consequently,
random memory addresses may be asserted to the SRAM memory device without timing
restriction, and data is always expected to be returned in a certain time thereafter. This
time is typically referred to as the address access time ta,.

25 Therefore, it is desirable to have a circuit that can accommodate the
asynchronous nature of an SRAM memory device and transform these actions to the

scheduled events of a conventional DRAM memory access operation in order to provide an



time is typically referred to as the address access tinme tAA 25 Therefore,
it is desirable to have a circuit that can accomodate the asynchr[p@ggpzmﬁ
nat ure of an SRAM nenory devi ce and transformthese actions to the

schedul ed woaphsissf a conventi onal DRAM nmenory access ope&icgivseslgsiy order to
provi de an 08 SEP 2006 WD 03/081596 PCT/ US03/ 08510 3 asynchronous
pseudo-static nenory device that enploys a conventional DRAM nenory core.
SUMVARY OF THE | NVENTI ON The present invention is directed to an apparatus
and nethod for converting 5 unrestricted randomy schedul ed address
transitions of nenory address signals into schedul ed address events from
which initiation of a sequence of nmenory access events can be based. An
address interface circuit includes an address detection circuit that
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interface ctdrguit is a pulse circuit coupled 10 to the address detection
circuit. The pulse circuit generates an initiation pulse that initiates a
menory access operation after a tinme delay el apses fromreceiving the
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20 accor di NgehGryeRidRed AR Feithatf a UBRCtRASRARLIn! 18YBALd RNeach receipt of a new
memory address. Further included in the address interface circuit is a pulse circuit coupled

10 to the address detection circuit. The pulse circuit generates an initiation pulse that initiates

a memory access operation after a time delay elapses from receiving the detection pulse

from the address detection circuit. However, where another detection pulse is received by

the pulse circuit prior to the time delay elapsing, the time delay is reset by the new

detection pulse, and the pulse circuit will then generate the initiation pulse following the

15 time delay elapsing from receipt of the new detection pulse. The initiation pulse generated

by the pulse circuit can then be used to start a sequence of access events to access a

memory array.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a functional block diagram of an asynchronous interface circuit
20 according to an embodiment of the present invention.
Figure 2 is a functional block diagram of a delay circuit according to an
embodiment of the present invention.
Figure 3 is a schematic drawing of a delay stage according to an
embodiment of the present invention.
25 Figure 4 is a schematic drawing of a pulse circuit according to an

embodiment of the present invention.



Figure 2 is a functional block diagramof a delay circuit according to an
enbodi nent of the present invention. Figure 3 is a schematic dramﬁggeatpgm
del ay stage according to an enbodi nent of the present invention. I'g g

4 is a schggabhgissy awi ng of a pulse cirguit according to pRusesmegd nent of
t he present invention. 0 8 SEP 2006 WD 03/081596 PCT/US03/08510 4 Figure 5

is a functional block diagramof a portion of a nmenory device including an
asynchronous interface circuit according to an enbodi nent of the present
invention. Figure 6 is a functional block diagramof a conmputer system
including 5 nenory devices of Figure 54 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Enbodi nents of the present invention are directed to an
asynchronous interface circuit that converts randomy schedul ed address

transitions, such as_those .applied t n..SRAM devi ce, ipto schedul.ed
address events whi pthgé(’FF gés _3511%‘?‘(08?} tﬁ?&adlﬁ%?ﬂ} 3 BYEPn fgamfﬁgiﬁﬁf core
in an orderinyydias hh Wynchmbd iRt chrduittdcbordR th At dinBd@lridit b 1Ry ﬁ@meele a
sufficient understandi ng of the invention. However, it will be clear to one

skilled in ipMntight that the invention may be practiced without these
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signals, and tim ng protoco ve not been~shown in detai

avoi d unfecmssayideyicasld Figuraty t he i nvention. 15 Illustrated in Figure 1 is
an asynchronous interface circuit 100 according to an enbodi nent of the
present invention. The asynchronous interface circuit 100 includes address

i nput buf f epETANZD DESERMETIONC YHBINVENERRECt i ve i nput address signal
representing one bit of the input address AC An, and further having outputs
coupl ed to inputs of Ezbegients of the present invention are directed to an asynchronous

interface circuit that converts randomly scheduled address transitions, such as those applied

to an SRAM device, into scheduled address events which can be asserted to a conventional

10 DRAM memory core in an orderly fashion. Certain details are set forth below to provide a
sufficient understanding of the invention. However, it will be clear to one skilled in the art
that the invention may be practiced without these particular details. In other instances,
well-known circuits, control signals, and timing protocols have not been shown in detail in
order to avoid unnecessarily obscuring the invention.

15 Mlustrated in Figure 1 is an asynchronous interface circuit 100 according to
an embodiment of the present invention. The asynchronous interface circuit 100 includes
address input buffers 102a-n, each receiving a respective input address signal representing
one bit of the input address A0O-An, and further having outputs coupled to inputs of a NOR
gate 104, FEach of the row address input buffers 102a-n includes an address transient

20 detector (ATD) that generates an output pulse ATD_PULSE in response to the respective
input address signal making a logic state transition. The row address input buffers 102a-n,
and the ATDs included in each are conventional in design and are known in the art. With
the configuration shown in Figure 1, when an ATD_PULSE is output by any of the row
address input buffers 102a-102n, the NOR gate 104 generates an output pulse ATD_IN that

25  is provided to a delay circuit 106. The delay circuit 106 generates an output PULSE_OUT

that is used to begin an access operation of the DRAM memory core.



gate 104. Each of the row address input buffers 102a-n includes an address
transient 20 detector (ATD) that generates an output pul se ATD PUL %EPZWB
response to the respective input address signal making a logic sta
transitionwolBfsiseev address input buffers 102a-n, and thgAJdeSedsie! uded in
each are conventional in design and are known in the art. Wth the
configuration shown in Figure 1, when an ATD PULSE is output by any of the
row address input buffers 102a-102n, the NOR gate 104 generates an out put
pul se ATD IN that 25 is provided to a delay circuit 106. The delay circuit
106 generates an output PULSE-QUT that 5is used to begin an access operation
of the DRAM nenory core. 0 8 SEP 2006 WD 03/081596 PCT/ US03/08510 5 The
asynchronous interface circuit 100 can be used with a conventional DRAM
menory core to provide an asynchronous pseudo-static SRAM operation. As
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nmenory core in, an orderl fashi on . . .
y location has begun, Xxe access operation must be completed or run the risk of losing data

since DRAM has intrinsically a destructive read sequence. As will be explained in more
detail below, the asynchronous interface circuit 100, however, can take randomly scheduled
address transitions, such as those allowed for conventional SRAM devices, and convert
15 them into scheduled events which can be asserted to a DRAM memory core in an orderly
fashion
Figure 2 illustrates a delay circuit 120 according to an embodiment of the
present invention. The delay circuit 120 can be substituted for the delay circuit 106 shown
in Figure 1. The delay circuit 120 includes at least one delay stage 140. Each delay stage
20 140 has a delay input and an ATD input, and further has a delay output. An embodiment of
the delay stage 140 is illustrated in Figure 3. The delay stage 140 includes a two-input
NOR gate 180 having an output coupled to an input of an inverter 184 through a delay
device 182. A first input of the NOR gate 180 represents the delay input and a second input
represents the ATD input. In operation, the delay stage 140 provides an output signal that
25 is similar to the signal applied to the delay input except that it is delayed by a time tgq of the
delay device 182,
With reference to Figure 2, where the delay circuit 120 includes a plurality
of delay stages 140, a first delay stage 140 receives the ATD_IN signal at both its delay



Figure 2 illustrates a delay circuit 120 according to an enbodi nent of the
present invention. The delay circuit 120 can be substituted for the gi§fPeys
circuit 106 shown in Figure 1. The delay circuit 120 includes at | east one
del ay st aggodfbhisdgach del ay stage 20 140 has a del ay i npwcrarses/@soATD i nput,
and further has a delay output. An enbodinment of the delay stage 140 is
illustrated in Figure 3. The delay stage 140 includes a two-input NOR gate
180 having an output coupled to an input of an inverter 184 through a del ay
device 182. A first input of the NOR gate 180 represents the delay input and
a second input represents the ATD input6. I n operation, the delay stage 140
provi des an output signal that 25 is simlar to the signal applied to the
del ay input except that it is del ayed by atinme Lid of the delay device

182. Wth f Fi 2 I i i i,0C.
plurality r %‘Pegaé‘ﬁéese ?‘8 : %kﬁfﬁ?ém w’??’? ) ‘f(g%/ere g%{“é’géé{s‘%%&‘?éégfi@%g‘ln ﬂgé A'?'D IN
si gnal at baddplddtt@tlﬂelleay oQtp8t B pt&abus d%@y%é@ﬁﬂ)ﬁ»%llﬁﬁteﬂﬁﬁm{gﬁ&&lma& i nput

and reset input. Subsequent del stages 140 are co uch at the del ay
input is cBUpl weedd0 ernerasiaifs @a)%qypﬂyfpu&? versen tewlsre?i raﬁui J&E@! PR, as

iITustrat edbﬁtraeﬁy&wﬁa #me 'ﬁ@lﬁif‘tdd dehaXTHY ?of%@h %ﬂ@ﬁé&?&gﬁe& lhéﬁc@@;h@d’ out put
a version of the signal applied to its éln ut | ayed atine

del ay tdd. MreceivEDhe ATIX Msigaclc thﬁelabh@%ép the dastidelay stapg 149 lt@uplleé@ B to
receive the TD i 40 is
coupled to gﬁ‘ %tf% tﬁgﬁljtlputﬁb% \%oﬁlbn% epﬁgﬁ% %}}Eiﬁgﬁ&%{jseﬁﬁﬂﬁﬁt of the
NCOR gat e 15fkctise the |A|a1]:ediN tsignall emaiupmt bﬂ’the KOR gat’d 150 g edupledito a)pl.'ilqmgenﬁﬁtot he NOR
gate 150 is Ied tQ a pu]se ge ator 15 hrou 52. The
pul se gener & ﬁaﬁéﬁﬁpgtté éﬁﬁdw & BPSFaE. q@¢1§%ggﬁﬁgéfé%fﬁﬁt“?alIing
edge of si gR@ponSdHoR ke fah}hgtehge bY@kt &ipul By the TRREUSSE TRWPUSSBNOUT sikHalas

pr evi ousl Yy nment | oned is uséd to start an access oper ation to a conventi onal
DRAM nelfor §5 rsyieusly meafieneds isored fhatari @h #gcess ppasation]ip(r genvertionalsDRAMUL SE_OUT

pul se a ti rrf?lemorycore.

In operation, the delay circuit 120 generates a PULSE_QOUT pulse a time
delay tq after the falling edge of the most recent ATD_IN pulse. The time delay tq is
approximately the sum of the delay of each delay stage 140. In an effort to simplify

15 explanation of the delay circuit 120, any gate delays have been ignored. However, it will
be appreciated that some time will be added to the time delay t4 because of the gate dela);s.
When the delay circuit 120 receives an ATD_IN pulse, the output of the inverter 152 goes
HIGH and the delay output of each of the delay stages 140 go HIGH ty4 after the rising edge
of the ATD_IN pulse. On the falling edge of the ATD_IN pulse, the delay circuit begins

20 counting the time delay t4. That is, for the first delay stage 140 in the chain, its delay output
will go LOW ty4 after the falling edge of the ATD IN pulse. The delay output of the
second delay stage 140 will go LOW ty4q after the falling edge of the delay output of the first
delay stage 140. Thus, the falling edge of the ATD_IN pulse will trickle through the chain
of delay stages 140 until being applied to the input of the NOR gate 150. Note that during

25 this time, the output of the inverter 152 has remained HIGH. Not until the delay output of
the last delay stage 140 goes LOW, which occurs t4 after the falling edge of the ATD_IN
signal, will the output of the inverter 152 go LOW. When this does occur, the pulse



delay td after the falling edge of the nost recent ATD IN pul se. The tinme
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be converted by the asynchronous interface circuit 100 (Figure 1) into scheduled address
events suitable for scheduled array accesses of a DRAM memory core. That is, with the
asynchronous interface circuit 100, once a given address is asserted to the DRAM memory

15 core, no new addresses are asserted until the access in progress has completed.

Figure 4 illustrates a pulse circuit 200 according to an embodiment of the
present invention. The pulse circuit can be used to generate an output pulse signal OUT
having a minimum pulse width of t,, even if the input pulse signal IN has a pulse width less
than tw. The pulse circuit 200 can be used to ensure that the ATD IN signal provided to

20 the delay circuit 120 (Figure 2) is of sufficient width to reset the delay stages 140 and
prevent the pulse generator 154 from generating a PULSE_OUT signal that will
inadvertently initiate an access operation of a DRAM memory core. In one embodiment of
the present invention, the pulse circuit 200 is coupled between the output of the NOR gate
104 (Figure 1) and the input of the delay circuit 106. Thus, even if the output pulse of the

25 NOR gate 104 has a pulse width less than t,, the output pulse of the pulse circuit 200 will
provide to the delay circuit 106 a ATD_IN signal of sufficient pulse width to reset the delay

circuit 106. It will be appreciated by those of ordinary skill in the art that the polarity of the



10 operation wll be initiated until that tinme. Thus, it can be seen that an
unrestricted address transition input pattern can be converted by §BSEP 90
asynchronous interface circuit 100 (Figure 1) into schedul ed address events
sui t abl e fwpososigehul ed array accesses of, a DRAM nenory cqicgyusbdedsid S, wWith
the asynchronous interface circuit 100, once a given address is asserted to
the DRAM nenory 15 core, no new addresses are asserted until the access in
progress has conpleted. Figure 4 illustrates a pulse circuit 200 according
to an enbodi nent of the present invention. The pulse circuit can be used to
generate an out put pul se signal OQUT haging a mninmmpulse wwdth of t, even
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first input coupled to receive the IN 5 signal and a second Input coupled

to the a0t pnulssiwidthtofiet leasptu fravORPYse B signel, eTendf thqmplg@ wagdth pftbe hsigal 302 i s
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It will be appreciated that the length of delay time t4 for the delay circuit 120
(Figure 2) can be selected to accommodate various operations related to having a DRAM
memory core. For example, as previously mentioned, as is well known in the art, DRAM
15 memory cells need to be periodically refreshed to retain data. The delay ty through the
delay chain 120 can be selected such that a memory array refresh operation can be
performed during t4. That is, the time for t4 can be matched according to the memory array
refresh access time taking into consideration such factors as the impedance and gate delays
encountered during the refresh operation. By selecting t4 in this fashion, a memory array
20 refresh operation that is in progress can be completed, and thus, avoid any potential loss of
data, although a new address assertion is made during the operation because actual access
to the memory array is not initiated until after the delay time t4 has elapsed. By this time,
the memory refresh operation would have been completed.
The selection of tg will determine to some degree the delay time tyq of the
25 delay device 182 (Figure 3) in each delay stage 140. It will be appreciated that t4 and tyq are
related in a manner that tg is roughly the product of the number of delay stages 140 and tyq.
Thus, for a given time t4, fewer delay stages can be used where t4g is made longer.

Alternatively, more delay stages could be used where tyg is made shorter. Moreover,



output of the latch 202 is also coupled to a first input of the NOR gate 204
through a delay device 208 having a tinme delay of tw. A second inpﬁjﬁ SﬂafZOOG
the NOR gate 204 is coupled to receive the INsignal. As a result, the

pul se circwuiglosd®39eM | | generate an OUT signal having 10 sp@n&seshslt h of at
| east twfroma pulse INsignal, even if the pulse width of the IN signal is

| ess than tw, and no natter how many tines the IN signal transitions during
the tinme tw. It will be appreciated that the length of delay tine td for the
delay circuit 120 (Figure 2) can be selected to accommbdat e vari ous
operations related to having a DRAM negory core. For exanple, as previously
mentioned, as is well known in the art, DRAM 15 nenory cells need to be
periodically refreshed to retain data. The delay td through the delay chain

120 can be | egt ed such. t hat r rr efresh operation, can. be

per f or ned dﬂﬁw} 'ﬁa .ea"ljfj‘ﬁgltay stage f‘wg%tg:gﬁ%‘ cgﬁﬁn%g%ﬁ?f%fﬁ 2 avﬁ’gﬁ ti‘ﬁéﬂ“ea%eiaggﬂ?eng to
the nmenory @ iRMelay SicaTRachCdeRS Stafé & be MIdITRdIsRhOh K ANGHE BN dhé eumbeicty fact ors
as the inpedance andh(?ate del ays encountered during the refresh operation.

By sel ecti ni§used withophdeparting frrwrihe sgoprafidhopresentdyvention.ef r esh operation that is
in progress can be ceppl . k I . dat a,
al t hough a new address a%&g;ge?%ﬁo%ﬁgﬁ@ﬁ‘#‘?}.}%ﬁ%ﬁrﬂ%g@%@h@%@% g‘tﬂl&yo#] ggg%gle act ual
access o thheulsenipeuit 200r @igurest)natcan e tséledtadsoutheti 4 pelfe ganertatvd byeheagule me t d

has el apsed.. B iS,tinme,. th ry refr eration | d have been
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tdd of the tolke slifdedircaie¥00GeleddBar 1 gure 3) in each delay stage 140. It will
be appreciated that td and tdd are related in a nanner that td is roughly
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one comon thaédnvention. For example, the delay stage 140 (Figure 3) has been illustrated and
described as including a two-input NOR gate 180. However, a delay stage could also be
implemented using a two-input NAND gate if the polarity of the signals are reversed.
15  Other previously described circuits can be modified in the same manner, as is well known
in the art. Thus, as previously discussed, the particular polarity and associated circuitry
used in implementing embodiments of the present invention can be modified without
departing from the scope of the present invention.
Figure 5 illustrates a portion of a memory device 500 according to an
20 embodiment of the present invention. The memory device 500 is an asynchronous pseudo-
static SRAM that includes a conventional DRAM memory array 502. The memory device
500 includes a command decoder 506 that receives memory commands through a
command bus 508 and generates corresponding control signals within the memory device
500 to carry out various memory operations. Row and column address signals are applied
25 to the memory device 500 through an address bus 520 and provided to an asynchronous
interface circuit 510 that is in accordance with an embodiment of the present invention. As
previously described, the asynchronous interface circuit 510 generates a PULSE_OUT

pulse to start an access operation to the memory array 502. As illustrated in Figure 5, the



is used without departing fromthe scope of the present invention. Wth
respect to selecting a suitable tinme delay t, for the delay device '@%EiP%OGS
the pulse circuit 200 (Figure 4), tH, can be selected so that a pul

gener at ed lwo é3e1g961l se circuit 200 will_ensure that eachp@fuid3Rssig! ay
stages 140 wll be reset, even if the input pulse to the pulse circuit 200
is less than ti.,. As previously nentioned, it will be appreciated that the
polarity of many of the signals can be reversed wi thout departing fromthe
scope of the present invention. 10 Consequently, alternative enbodi nents of
the invention can be inplenented throughOthe use of alternative circuitry

t hat accommopdate the reversed signal polarity and remain within the

i nvention. For exanple, the delay stage 140 (Figure 3) has been illustrated

and descri S e | DI B 1 MU L NER 8 H(mgy - y stage
could al so %@islﬁrr% en%ﬂn%e(l} Blgi‘rltrtllé\&)éé {hpv\%t-c? npu dgﬁk(l?\)lﬁ)érgg%é i teﬁéer’ ;l)tgfvga{?:b y of

t he si gnal s appreciated ¢ias ahle PURSEX QBT gigral ican b yprakédedr fobatknaative wir taddiciennl be

nodi fied in_the s nper, as is well_kno i.n the art. Thus,

b evi ous y GEerEL BipeR AE Tissreretn dascdlr Pigpun e Bbts 06 Secst BFy  used
i n i npl ementpidesht piveRtInent s of the present invention can be nodified w thout
departing fromthe scope of the present invention. Figure 5 illustrates a

portion of a menory dewiew adeolEuorddrasyss @ Efﬁﬁdgbbléﬂgbéﬁsm buffers 0t pr esent
i nvention. ]Q%,ngg G, b AR ASYAGH 40 L M t hat
i ncludes a -é-onv nﬂ%&%%ﬁ%&% 1g[{r(l'r ay @%g& 9%5’% ﬁ‘gmgobc?'e%%@&eh&g%?

i ncl udes a denwdani4dedadenlurb) @ddrbstdec@iee 528 sespectively. Ademenydsray headlvgite a
command bus 508 a enerates corre ndi ng. .control .si | s, within e
remory dovi EEUEO0Y 8¢ Gai B YRR Herigh §R0 gak 47 »SRE Sl b e uim
address si gRalSinfltDuiRPidteBus520! Wiitd atdTRADIDYIiCHEY iieem &Gy itk pS@thaagiRgldr ess
bus 520 and provided to an asynchronous interface circuit 510 that is in

accor dankk ¢ate Hnpyh tuffso dfhepd thr memenprreyeread/ WhigeritqustY, 53 The commaad y

descri bed, { y. i i e gener at _
pul se to st aé}?mg% %bg?g@gﬁ&gg@%@f&%&?gn aglﬁge%%mtr%;tg %r r ayahlgolg'l.§ S%Bﬁ,ﬁi ustrated
i n Fi gure 5yaridue o3DatBER of @cmemory array 502. In particular, the command controller 506 is

used to generate internal control signals to read data from and write data to the memory

array 502. During one of these access operations, an address provided on the address bus

15 520 is decoded by the row decoder 524 to access one row of the memory array 502.

Likewise, input provided on the address bus 520 is decoded by the column decoder 528 to

access at least one column of the memory array 502, During a read operation, the data

stored in the addressed memory cell or cells are then transferred to the output buffer 534

and provided on the data output lines. In a write operation, the addressed memory cell is

20 accessed and data provided on the data input lines and the data input buffer 544 is stored in
the cell.

Figure 6 is a block diagram of a computer system 600 including computer

circuitry 602 that contains the memory device 500 of Figure 5. The computer circuitry 602

performs various computing functions, such as executing specific software to perform

25 specific calculations or tasks. In addition, the computer system 600 includes one or more

input devices 604, such as a keyboard, coupled to the computer circuitry 602 to allow an

operator to interface with the computer system. Typically, the computer system 600 also

includes one or more output devices 606 coupled to the computer circuitry 602, such output



WO 03/ 081596 PCTI US03/08510 10 PULSE OUT pulse is provided to the conmand
decoder 506. However, it will be appreciated that the PULSE OUT s”gmg{pgﬁ@
be provided to alternative or additional functional blocks of the nmenory
devi ce 500wwiosgess departing fromthe scope of the presqigraisoy@Bid on. 5 The
row and col um addresses are provided by address input buffers (not shown)

i ncluded in the asynchronous interface circuit 510 for decoding by a row
address decoder 524 and a colum address decoder 528, respectively. Menory
array read/wite <circuitry 530 are coupled to the array 502 to provide read
data to a data output buffer 534 via aillnput-output data bus 540. Wite
data are applied to the nenory array 502 through a 10 data input buffer 544
and the nenory array read/wite circuitry 530. The connand controller 506

responds to . nmenory.c nds lied.to the co

vari ous opeP%‘??GBﬁé"??ﬁ%@gr?‘ecﬁgﬁ Vicgy BE2T e %f?t P’é?ﬁe emfsh %ﬁ%ﬁd
control | er B@fallpcoupkado tie @apafeatiecuitit 2Aa ktoRkaitd 6 rettiegnddis Exnpb@f dat a
fromand wite data to the nmenpr array 502, During one of these access
operat i ons, stawgaéa‘fleésﬁoﬁrlaw%l&%HISkhel%%f@r‘@éaéll%ﬁigmfy 550P PONRIE WA by t he

row decoder 6607 4sd ﬁclﬁggseasﬁlra% cBﬂWuﬁﬂ(cattolﬁ%nﬁ%ﬁT@flﬂox%hrv@ﬁcmg comptr bRy | NPut
provi ded on the address bus 520 1s decoded by the colum decoder 528 to

access at5 | emssendrand gedeivendatd ﬂtrmhnemlyssampdiylﬁo'ﬂhe Camputey circnigaicb0@ger at i on,
the data stor ddresse v, [ ar e then transferred
to the out pr By feipleda BRIGRET doPRCaonS et oblnnfils RaBs phnale AL e e

oper ation, biseesad groetizdor \ﬂﬁtﬁﬁgrdﬁtaaehlhdﬂeﬁdu?éliammﬁﬂ&dnaﬁtdydat a provided on the
data input lines and the data input buffer 544 is stored in the cel

Figure 6 is a block dirdr & dPregCiRpnibulel ey SPRAeIEEO fMak! aldfiong CHRHE er

circuitry 6@1%b6m5nt§‘39tﬂ?é Rvelddd HRE®ed HQWIKA RPGn Tbr Eﬁxﬂb@e@ of -illsBB TP Ut er
circuitr perforns various conputing functions, Such as executing

specific f/03 ovarigus enadifiggtierisomay be made avithpe deadating fomothe spirittaad kseopel of theidi ti on,
the conput e{nv§1¥i%§1.e E&Jc&%mgl'}‘r?thé‘ gl%gnt%g?s Dt iTREE except as by the appended claims.



i nput devices 604, such as a keyboard, coupled to the conputer circuitry 602
to allow an operator to interface with the conputer system Typicgld SEP )06
conput er system 600 al so includes one or nore output devices 606 coupled to
the conputer circuitry 602, such output 0 8 SEP 2006 WD 03/081596

PCT/ U503/ 08510 11 devices typically being a display device. One or nore
data storage devices 608 are also typically coupled to the conputer
circuitry 602 to store data or retrieve data. Exanples of storage devices
608 i nclude hard di sks and non-volatile nenory. The conputer system 600

al so includes a wirel ess comrunication | 1%k 610 through which the conputer
circuitry 5 can send and receive data through a wrel ess nedium The
conputer circuitry 602 is typically coupled to the nenory device 500

t hrough appropri ate address, data, and control busses to provide for
witing data to and reading data fromthe nenory. Fromthe foregoing it wll
be appreciated that, although specific enbodinents of the invention have
been described herein for purposes of illustration, 10 various

nodi fications may be made without deviating fromthe spirit and scope of the
i nvention. Accordingly, the invention is not limted except as by the
appended clains. 0'8 SEP 2006 12 CLAIMS 1. An address interface circuit
for a nenory device, conprising: an address transient detection circuit
receiving an address signal and generating a detection pulse having a :
falling edge in response to each transition in the address signal; a delay
circuit having an input coupled to the@ddMSss transient detection circuit
to receive the detection pulse and further having an output at which a
trigger signal is provided, the delay circuit generating the trigger signa
atinme delay following the falling edge of the last received detection

pul se; and 1. An address interface circuit for a memory device, comprising:

an address transient detection circuit receiving an address signal and generating a
detection pulse having a falling edge in response to each transition in the address signal;

a delay circuit having an input coupled to the address transient detection circuit to
receive the detection pulse and further having an output at which a trigger signal is provided, the
delay circuit generating the trigger signal a time delay following the falling edge of the last
received detection pulse; and

a pulse generator having an input coupled to receive the trigger signal generated
by the delay circuit and further having an output at which an initiation pulse is provided in
response to the trigger signal to initiate a memory access operation, the time delay of the delay

circuit of sufficient length to allow completion of the memory access operation.

2. The address interface circuit of claim 1 wherein the delay circuit
comprises a chain of delay stages having a first delay stage coupled to the address transient
detection circuit to receive the detection pulse and a last delay stage having an output at which
the trigger signal is provided, each delay stage having first and second inputs and an output and
delaying a falling edge of a signal applied to either of the first or second inputs from propagating
to its output by a stage time delay.



a pul se generator having an input coupled to receive the trigger signal
generated by the delay circuit and further having an output at whigedhSEM06
initiation pulse is provided in response to the trigger signal to initiate
a nenory access operation, the time delay of the delay circuit of
sufficient length to allow conpletion of the nmenory access operation. 2. The
address interface circuit of claiml wherein the delay circuit conprises a
chain of delay stages having a first deI?% stage coupled to the address
transient detection circuit to receive the detection pulse and a | ast del ay
stage having an output at which the trigger signal is provided, each del ay
stage having firgt ang second. i nputs and_.an output and . delaying.a falling
edge of a signal §appl stinterare greugt I‘?Ea‘f"i"} g'tfﬁlg]i’eré’@%%nﬂ hptescircpibm

pr opagadoupled bbtvebr $heOstdRidS trhdsicht AbtBERNditEt A&l BY- def PRRit 2008 nerhng3a The
address interface circuit of claim1, further conprising a pulse circuit
coupl edPubssigaglhaying a sHeimesspulsearidihdmresppasetotheristestionpilte. and t he del ay
circuit for generating a pulse signal having a mnimum pulse width in
response to the detection pulse. 4. The address interface circuit of claim]l
wherei n the pul sd. gentheahddress pnevaatesirduiteofi claitri dt wherejpuths epulse geasponse t o

the fall] _of the tri i 5. The add i onse to
cl'ai m 1P iRt Rt B O Blfpe e bR Semll n having &

plurality of delay stages coupled in series through which the falling edge
of the | ast received detection pulse pro a%ates to the output to be provided
as the trigger $ignafbe @ddregs Hiafees cirewih ot epipe Ji tvhegin ghardglay yeirgeiyi ce,
conpri Si A 'ngg r. .C : t A : hg$% ener at e
inres p%oﬁg)gs"t%hr}edrl ét o} hagﬁﬁagglgrae@gﬁhg% efcdtgllagﬁﬁl L? I @g@ggqrg%aﬁei 0 hzﬁg@ﬂg‘?ages

t hr oughfaliing ctiget ¢fetha thdt e valiedetestioo pulgrupropagptes patha tostput tvabe prgvided asthe del ay
stage fr.omwhich the address detection pulse is output when a tine del ay

elapsesuﬁﬁ?ﬁ@ﬁﬁ'receipt of another address detection pul se, each of the

del ay stages having a two-

6. An address input circuit for a memory device, comprising:

an input buffer coupled to receive address signals and generate in response thereto
an address detection pulse;

a chain of delay stages through which the address detection pulse propagates
having a last delay stage from which the address detection pulse is output when a time delay
elapses without receipt of another address detection pulse, each of the delay stages having a two-
input NOR gate having an outpﬁt, a first of the inputs coupled to the output of the input buffer
and a second of the inputs coupled to receive the output of a previous delay stage, a delay circuit
coupled to the output of the NOR gate for providing an output signal that is a delayed version of
the output of the NOR gate, and an inverter coupled to the delay circuit; and

a pulse generator generating an output signal initiating a memory access operation

in response to receiving the address detection pulse from the last delay stage.

7. The address input circuit of claim 6 wherein the input buffer comprises an
address transient detection circuit generating the address detection pulse in response to detecting

a transition in an address signal.



i nput NOR gate having an output, a first of the inputs coupled to the output
of the input buffer and a second of the inputs coupled to receive[ﬁg@EP2m§
out put of a previous delay stage, a delay circuit coupled to the output o
the NOR gate for providing an output signal that is a delayed version of

the output of the NOR gate, and an inverter coupled to the delay circuit;
and a pul se generator generating an output signal initiating a nmenory access
operation in response to receiving the ? dress detection pulse fromthe

| ast del ay stage. 7. The address input cifcuit of claim®6 wherein the input
buffer conprises an address transient detection circuit generating the
address detection pulse in response to detectin a transition in an address
signal. 08 SEP 2806 The tidreshdnpyg girewits of glaim Tcmherging thef inpytahyier fther ei n t he

| Ut - Bl RGes b bl ikcuittO LA, Aol iilint « bBindENRI@LEY, & detect i on

pul se having a m ni mum pu e address 1 np circurt of claimé6
wherein the output signal initiating the nenory access operation conprises

a falling edge of thejaddress detectiqn pulse. 11. An asynchronous nmenory
address interf acé‘ Ci ?léh iat(afire%sdﬁ%‘ﬁf’gf%tgog c?ﬁ“ gdvgjf%eglsth%&gﬁt#%lﬁﬂeﬁ%ﬂrlﬁ the

recei vim@naéry aBe8 opedtiol @misprideich AL edpleion the adldrexstdptdttionpulsge i N response to
each recei pt of a new nenory address; and a pulse circuit coupled to the
address detection circuit and generating an initiation pulse to initiate a

menory access opgf ati ANayAMiSibuemeRolelEEss Tt CRQUICYGRIRIRpL ter a tine
delay elapses fromrecerving the oufput pulse, otherw se, resetting the

time delay in respuidsss teection ciéuii nageivimda memogetddisss o geodratéingmmicutput 0 t he

time del .el apsi ng and generating the initiation pulse the tine delay

t her eafrfuz%,m RS tgr@a%erfi%fzpqc? a8y ?‘F@P‘afrﬁddff%sna‘% to all ow conpletion of the
sequence of accespuley/éftiult codpled ol AsRCARIGNISTNIR AR Yerdfhing SSinitiatied f ace
circuit of claim1ll wherein the pulse circuit conprises: a chain of delay
st ages MHEGite gitiats 3 MEMOYACSHTS QREFAIION ABYIRS 2epabeice Abacsers Fursts afist & g drfay

elapses from receiving the output pulse, otherwise, resetting the time delay in response to
receiving another detection pulse prior to the time delay elapsing and generating the initiation
pulse the time delay thereafter, the time delay of sufficient length to allow completion of the

sequence of access events.

12.  The asynchronous memory address interface circuit of claim 11 wherein
the pulse circuit comprises:

a chain of delay stages having a first delay stage coupled to the address detection
circuit to receive the output pulse and a last delay stage having an output at which a trigger signal
is provided, each delay stage having first and second inputs and an output and delaying a falling
edge of a signal applied to either of the first or second inputs from propagating to its output by a
Stage time delay; and

a pulse generator for generating the initiation pulse in response to the falling edge

of the trigger signal.



circuit to receive the output pulse and a | ast delay stage having an out put
at which a trigger signal is provided, each delay stage having fi rgsg SEmans
second inputs and an output and delaying a falling edge of a signal applied
to either of the first or second inputs.frompropagating to its output by a
stage tine delay; and a pul se generator for generating the initiation pulse
in response to the falling edge of the trigger signal. 08 SEP 2006 15 13.
The asynchronous nenory address |nterfac? circuit of claim12 wherein each
of the delay stages conprises: a two- |npu? NCR gate having an output, a
first of the inputs coupled to the output of the address detection circuit

d d of t t t
doi ay stage: a dbtay HoeuEBinrentyoSine Bt St sPer gl or

pr ovi dldagl@mh@w@wtageﬁogmlsest hat is a del ayed version of the output of the
NCOR gate; and an inverter coupled to the delay circuit. 14. The asynchronous
memory address i At PREENER gaigibevise ar pepyh a frst ofithe ingpts couplgdrte dhernytodt pul se

Wi dt h Gkl hddr&e WeleBsbnPETcWR GRA ta@%ccﬁxédff%ﬁgag RGN e b ﬁaw ut &8, pul se

circuit to generate an output pulse for t se circult g a mnimum
pul se wreiidus deBy stFgre asynchronous menory address interface circuit of claim

11 wherein the | se C|r Ult circuit h V|n nput
coupled to the agg?% STHet ¢ }egnggil;er 8‘§P¥t$tg?ie}%§aete ?rh%ro‘g 0561 Le and

f urt hersignaMhatgs adeldiet persionbf i bGPuteof the NOR ats;agdal is provi ded t he del ay
circuit generating. the trlﬂ%er signal a tinme delay follow ng the falling
edge of the | ast 2 Begleyepricdde BedeBhcintitse: and a pul se generator having an
i nput coupled to receive the trigger signal generated by the delay circuit

and further haviq? an output at which the initiation pulse is provided in
The asynchronous memory address interface circuit of claim 11, further

comprising a pulse width circuit coupled between the address detection circuit and the pulse

circuit to generate an output pulse for the pulse circuit having a minimum pulse width,

15.  The asynchronous memory address interface circuit of claim 11 wherein
the pulse circuit comprises:

a delay circuit having an input coupled to the address detection circuit to receive
the output pulse and further having an output at which a trigger signal is provided, the delay
circuit generating the trigger signal a time delay following the falling edge of the last received
detection pulse; and

a pulse generator having an input coupled to receive the trigger signal generated
by the delay circuit and further having an output at which the initiation pulse is provided in

response to the trigger signal.

16. A memory device, comprising:

an array of volatile memory cells having access thereto limited by completion of
an access cycle including a sequence of access events; ’

an input buffer coupled to receive address signals and generate in response thereto

an address detection pulse;



response to the trigger signal. 16. A nenory device, conprising: an array of
volatile menory cells having access thereto |imted by conpletion @fg SEM06
access cycle including a sequence of access events; an input buffer coupled
to receive address signals and generate.in response thereto an address
detection pulse; 0'8 SEP 2006 16 a delay circuit coupled to the input
buffer and initiating a delay sequence based on the falling edge of the
transition detection pul se, the del ay segyence of sufficient length of tine
to allow conpletion of the sequence of access events, the delay circuit
resetting the delay sequence in response to the falling edge of a new
transition detection pul se generated prigr to, .caonpletion of the delay

sequence and rest 518 HiEpuit seURked tayhedaritt Bt 2nd Bitiatipg 2 delpy sequenseibsedn t he new

transi tth@ﬁuq@teagé boMe RehsHfon @RGLGh PldeS fie FERE SR ce G2 WHEEnt 10niN6r I aY
circuit, the pulse generator generating a pulse to start the sequence of

access tewvalawscompletion pintbe sequentreolc asepisetvertp bt delap drshiayesséigadhedelay 17. The
menory L.ce. i 6 r el . CJ I rises a_chain of
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r ecei vecotripietiowl df ths slelagl eéqneiide @nd pastagtihgahidetayl seqienckefrant thd Aallingledys 6fghan out put
at which a trigger signal is provided to the pulse generator, each delay

st age H§Vﬂﬁ6“ﬁ%¥§?”&ﬂgp 88 inputs and an output and delaying a falling

edge of a signal,3aRt igefbrdt& &uplREho e deltS dilchi {th® puRE gOHRehtbr RHLrBtide M
propagating to its output by a stage tine delay. 18. The nenory §EVICE of
cl ai m 1relsgfestert the senuepng|of accgesrerenis imresperse taibe corppletignrif theadelay sequencee i n
response to the falling edge of the trigger signal. 19. The nenory devi ce of
claim16, further conprising a pulse circuit coupled between the input
buffer and the dil.ay Tier membryf devicgenfietairh i lbgwhergin|tbe delayy nia¢uithemwiprigesaa M ni num
pul se v dt R elallay SSRRSRAS 2 fhat Bl " RuflSd 8%h! BBuPbiiPto receive the address

detection pulse and a last delay stage having an output at which a trigger signal is provided to the

pulse generator, each delay stage having first and second inputs and an output and delaying a

falling edge of a signal applied to either of the first or second inputs from propagating to its

output by a stage time delay.

18.  The memory device of claim 17 wherein the pulse generator provides the

initiation pulse in response to the falling edge of the trigger signal.

19.  The memory device of claim 16, further comprising a pulse circuit coupled
between the input buffer and the delay circuit for generating a pulse signal having a minimum

pulse width in response to the address detection pulse.

20.  The memory device of claim 16 wherein the delay circuit comprises a
delay chain having a plurality of delay stages coupled in series through which the falling edge of
the last received address detection pulse propagates to the output to be provided as a trigger

signal to the pulse generator.



20. The nenory device of claim 16 wherein the delay circuit conprises a
delay chain having a plurality of delay stages coupled in series thypSEhugme
which the falling edge of the |ast received address detection pul se
propagates to the output to be provided.as a trigger signal to the pulse
generator. 0'8 SEP 2006 17 21. The nenory device of claim 16 wherein the

i nput buffer conprises an address transient detection circuit generating

t he address detection pulse in response ,? detecting a transition in an
address signal. 22. A nenory devi ce, comi) ising: an array of volatile nenory
cells having access thereto limted by conpletion of an access cycle
including a sequence of access _events; nenory array access circuitry coupl ed
to the array of ¢bl atTheememorgrdpviceof slafl6 veicen Sienigpytrutive somprises amy i n
accor dapffesdBchiloicRAHERER oflerifE MetiaRlh ‘%@%‘9’;@‘% HshoRP 1S adieith
receiving a nmenory address and genérating an output pulSe In respohse to
each r ecinpitionin za adéressrsigmek y addr ess; and a pul se circuit coupled to the
address detection circuit and generating an initiation pulse provided to
the nenory array access circuitry to initiate the sequence of access events
after a tinme debay eAaparsy ddvies)doapfising:ng t he out put pul se, otherw se,
resetting the tinme delay in response to receiving anot her output pulse
prior to the tiné" }EYRS velatilssPemors sellsenive aesepytherte imitgd by gompietignpke t he
ti e dela¥ g RMdiRling 4 SGudncdBr Aedsa¥venfs, SUf ficient length to allow
conpletion of the sequence of access events once initiated. 23. The nenory
devi ce of cl ai m 2@metyearsiyracedse cipavitsecapled 1o thecaamap off yelstile anenay welbffodel ay

st ages arégé/i.nat %n}‘ei rstargeliaéccs;t age Cng.l{ﬁe! Sed et(c)e tthe9 ngdress detection circuit
e Zemon a1 accqidArcs Withape sgavense XS having an output at whi ch

to recei VéSIP

a trigger signal an adirdss Gatedliefl cir@ftidceihethgdy meindgeadimyy did dehdratingaancbutpaeond
i nputs and an out put and delgying a falling edge of a signal applied to

ei t her ROYSCHHEESRODSCIP each reeedni Qh2 PHBEROR addRessi Blagat i ng to its output by a

a pulse circuit coupled to the address detection circuit and generating an initiation
pulse provided to the memory array access circuitry to initiate the sequence of access events after
a time delay elapses from receiving the output pulse, otherwise, resetting the time delay in
response to receiving another output pulse prior to the time delay elapsing and generating the
initiation pulse the time delay thereafter, the time delay of sufficient length to allow completion

of the sequence of access events once initiated.

23.  The memory device of claim 22 wherein the pulse circuit comprises:

a chain of delay stages having a first delay stage coupled to the address detection
circuit to receive the output pulse and a last delay stage having an output at which a trigger signal
is provided, each delay stage having first and second inputs and an output and delaying a falling
edge of a signal applied to either of the first or second inputs from propagating to its output by a
stage time delay; and

a pulse generator for generating the initiation pulse in response to the falling edge

of the trigger signal.



stage tine delay; and a pul se generator for generating the initiation pulse
in response to the falling edge of the trigger signal. 0 8 SEP 20Q® SERB (8-
The nenory device of claim22, further conprising a pulse width circuit
coupl ed between the address detection circuit and the pulse circuit to
generate an output pulse for the pulse circuit having a m ni mum pul se
w dth. 25. The nenory device of claim22 wherein the pulse circuit
conprises: a delay circuit having an inp coupl ed to the address detection
circuit to receive the output pulse and Turther having an output at which a
trigger signal is provided, the delay circuit generating the trigger signa
a tinme delay fol | ow the fal]ing ge of the last received . detection

28" gohus £d

pul se; and a pul ETBOTY gvicn gt SHM Hp firtheh QRIS PUeaigl Ginuit ¢ 1 gger

si gnal @aped Bét&een hY addQs dabadn Cirbukitinll tRMIsE Bhddiab (BRYIOSh MipR PhiBdor at  Whi ch
the initiation pulse is provided in response to tﬁe trigger signal. 26. A

conput ethe pylss ciepit Bayige d Binium palselwidth.i nput devi ce; a data output device; a

processor coupled to the data input and out put devices; and a nenory device
coupled to the processor, the nenory device conprising: an array of volatile
menory cells havRfig afleasandridediemflciaim 22dhéryin thopyideaircditicondpriags: access cycl e

i ncludi ng a sequence of access events; i nput. _buffer coupled to receive
addr ess signal s éﬁﬁlabélﬁ‘é‘t‘t émlgrar“r“@é‘bfﬂ’l@gg R ﬂ'@ra@firﬁssa teqHef BEILAR TSRS on

pul se; the dtdpaypulde i furth@UHAVIRE ah Quipial WREK aRHEJePkigANds pfividedt th@Qeldy del ay
sequence based on the falling edge of the transition detection pul'se, the
del ay s@wuisgensrasing dhef 'qriiggq:réiﬁnalg@ﬁ@p idelay following the falling edge of the last received

detection pulse; and
a pulse generator having an input coupled to receive the trigger signal generated
by the delay circuit and further having an output at which the initiation pulse is provided in

response to the trigger signal.

26. A computer system, comprising:

a data input device;

a data output device;

a processor coupled to the data input and output devices; and

a memory device coupled to the processor, the memory device comprising:

an array of volatile memory cells having access thereto limited by
completion of an access cycle including a sequence of access events;

an input buffer coupled to receive address signals and generate in response
thereto an address detection pulse;

a delay circuit coupled to the input buffer and initiating a delay sequence
based on the falling edge of the transition detection pulse, the delay sequence of sufficient length
of time to allow completion of the sequence of access events once initiated, the delay circuit
resetting the delay sequence in response to the falling edge of a new transition detection pulse
generated prior to completion of the delay sequence and restarting the delay sequence from the

falling edge of the new transition detection pulse; and



of time to allow conpletion of the sequence of access events once initiated,
the delay circuit resetting the delay sequence in response to the @SR ngg
edge of a new transition detection pulse generated prior to conpletion o

t he del ay sequence and restarting the delay sequence fromthe falling edge
of the new transition detection pulse; and 0 8 SEP 2006 19 a pul se
generator coupled to the delay circuit, the pul se generator generating a
pul se to start the sequence of access ev?gts in response to the conpletion
of the delay sequence. 27. The conputer ‘System of claim 26 wherein the
delay circuit of the menory device conprises a chain of delay stages having

a first delay stage coupled to the input buffer to receive the address
det ection pul se and a2 IPYSE BREFEPr stoapled Havipglelay BitgubtuttheatPuliRi 8eRCTatf i gger

si gnal jefierfiVi P81% 10sthrp ChePdhSficd BNEdcak QentSRCRs ALY L ROBpIBAH Hdnd i st and
second 1 nputs and an output and delaying a falling edge of a signal applied

to eit hislaysequenss. first or second inputs from propagating to its output by a
stage tine delay. 28. The conputer system of claim27 wherein the pul se
generator of the menory device provides the initiation pulse in response to
the falling edge2nf tTe dompggesystegetalaim 28 Wherkhrethe detpytietuity seamanaiy cl ai m 26
wherein,the nenpry device further conprises, a pulse circyit co ed between
the | R GPTBTek A G o rAVAARER MO Bahcels ABPE R 40 UbUnBE PERG fal havi ng
a m ni ndesivUhe addit gt detelcfiod gﬁ&omfdeq 126t Ay he mavisg dRloapul AwRidh a8riggeP- The
conputer systemof claim 26 wherein the delay circuit of the nmenory device

conpr i segnahispeavided i Hierpulpg eerrgater, pachidalay stpgeoaving| figst and sepond wuisiaadial n seri es

thr OUg%u‘é\ﬁsﬂtﬁﬁh d%@ﬁ% af%hin@%d&g%% inal Qo%leil: ateith&co‘?itﬁéeﬂstaéjrfjséé‘o%ﬁ iff3lsGfehd on pul se

o]
propagat to t ut °to pT OVI S a trigger signal to the pul se
gener atwopagating td teowpuihytastags time detaypf cl ai m 26 wherein the input buffer of
the nmenory device conprises an address transient detection circuit ‘
generating the address detection pulse in response to detecting a

transition in an2@ddregscsh@lfé! system of claim 27 wherein the pulse generator of the

memory device provides the initiation pulse in response to the falling edge of the trigger signal.

29.  The computer system of claim 26 wherein the memory device further
comprises a pulse circuit coupled between the input buffer and the delay circuit for generating a

pulse signal having a minimum pulse width in response to the address detection pulse.

30.  The computer system of claim 26 wherein the delay circuit of the memory
device comprises a delay chain having a plurality of delay stages coupled in series through which
the falling edge of the last received address detection pulse propagates to the output to be

provided as a trigger signal to the pulse generator.

31.  The computer system of claim 26 wherein the input buffer of the memory
device comprises an address transient detection circuit generating the address detection pulse in

response to detecting a transition in an address signal.



08 SEP 2006 20 32. A nethod for accessing a nenory array of volatile nenory
cells where access to the nenory array is |imted by conpletion ofggSEP 2006
access cycl e having a sequence of events, the nethod conprising: receiving
menory address signals having unrestricted randomy schedul ed address
transitions; converting the unrestricted randomy schedul ed address
transitions of the nenory address signals into schedul ed address events by
generating an initiation pulse to initia?ﬁ the sequence of events a fixed
time after the |ast address transition, e fixed time of sufficient |ength
to allow conpletion of the sequence of events once initiated; and initiating

t he sequence of eyents to access the nenory array of volatile penpry cells
in response to tH 'scﬁéﬁﬂpgﬁﬁﬁdﬁgﬁ%§§%9@ﬁ?§(”@QﬁﬂW4¢%%?ﬁﬁﬂde”%P@?ﬁ132

wher ei Ny QRS el rﬂ&n&rl?earﬂdg rilﬁﬁmt&&wémﬁﬁ&mrdfyan &E&@@%@l@ﬂa\%@é S&Redce ¥pSi tions

conprises: initiating a delay sequence in response to an address transition;
r eset t i engnishibe nethay camepisingce in response to a new address transition

detected prior tg | etion,of the. del uence restarti t he del ay
sequence |n 1 espseS I Rufies MaR R BAMHERE orlfly  EReBD it
sequenceamsftioagcess events in response to the conpletion of the del ay

sequence. 34. The nethod of claim 33 urth conprising. generating a
transition det ecf?‘lﬁ’ﬁ“ﬁ’&lt@%“‘]f?f“icéfg]dw@@flx %Ladgﬁeééégﬁﬁ e ST VN
Menory s Sgnal 4idlschedldd RAGBRGALAED By Behting G BAGBEPPulkd'® Infifte thEansi tion
detection pul se generated through a delay chain having a tine delay; and

gener at feAgenanof avents afixeshtime pies thedasy pddress trarsitinagihe fived Wne alcwéicientlpagths upon
the ti NS allow completion of the sequence of events once initiated; and
initiating the sequence of events to access the memory array of volatile memory

cells in response to the scheduled address events.

33.  The method of claim 32 wherein converting the unrestricted randomly
scheduled address transitions comprises:

initiating a delay sequence in response to an address transition;

resetting the delay sequence in response to a new address transition detected prior
to completion of the delay sequence and restarting the delay sequence in response to the new
address transition; and

starting the sequence of access events in response to the completion of the delay

sequence.

34.  The method of claim 33, further comprising:
generating a transition detection pulse in response to detecting a transition in a
" memory address signal; and
propagating a falling edge of the last transition detection pulse generated through
a delay chain having a tir_ne delay; and
generating an initiation pulse to start the sequence of access events upon the time

delay elapsing.



del ay elapsing. 0 8 SEP 2006 21 35. The nethod of claim 34 wherein
generating the initiation pulse is in response to the falling edgg ®SER hpg

| ast transition detection pul se propagating through the delay chain wthout
detection of another address transition, 36. The nmethod of claim 34 wherein
generating the transition detection pulse conprises generating a transition
detection pul se having a m ni num pul se width. 37. The nethod of claim 32
wherein the sequence of events conprises,, activating a row of nenory cells
in the menory array; refreshing data of the menory cells of the activated
row, and deactivating the row of nenory cells to maintain the respective

data therein. 39, The_nethod, of. ¢l.aim 32 wherein converting the unrestricted
randony scheduPed alfr 8’§§‘°9 roiré‘?‘{ni gghé"’%ﬁrﬁﬁlpg‘?@@g?g rﬂ%"sf’é‘i‘act‘?’ﬂg}’u CtP AR del ay

each tifEpoast BARY Rfifglddan sF the bt GESEIHOR defebi®in fubselPaSpalzhtiiy thdGhAhe QLBPSI NY;
and generating an initiation pulse in response to the time delay elapsing.
40. A ndelgythoetdeteshioreofianpter addrsss trangitiend r andom y schedul ed addr ess
transitions of nenory address signals into schedul ed address events from
whi ch a sequence of access events are initiated for accessing a nmenory
array of vol ati | 8.nenbreymetbdd sf clsime3drebdiciol gereamtipg itlsd tregpsitige deteation pglsa

transition .detection QuIsF ig rﬁs oqs§1to det.ecting.a Lr%nsition in a

memor y BHRFES SRGTUINE-TFaPHIT K5 81'%“?? a8 & UYL YR Pon the falling edge
of the transition detection pulse; resetting the delay sequence in response
to the falling edge of a new transition  detection pulse generated prior to

conpl etion of thé7-del Hie Behede{clain 4d whersinghe sequenes el qyentygomprises:

activating a row of memory cells in the memory array;
refreshing data of the memory cells of the activated row; and

deactivating the row of memory cells to maintain the respective data therein.

39.  The method of claim 32 wherein converting the unrestricted randomly
scheduled address transitions comprises:

restarting a time delay each time an address transition occurs prior to the time
delay elapsing; and

generating an initiation pulse in response to the time delay elapsing.

40. A method for converting unrestricted randomly scheduled address
transitions of memory address signals into scheduled address events from which a sequence of
access events are initiated for accessing a memory array of volatile memory cells, the method
comprising:

generating a transition detection pulse in response to detecting a transition in a
memory address signal;

initiating a delay sequence based on the falling edge of the transition detection
pulse;

resetting the delay sequence in response to the falling edge of a new transition
detection pulse generated prior to completion of the delay sequence and restarting the delay

sequence from the falling edge of the new transition detection pulse; and



sequence fromthe falling edge of the new transition detection pulse; and O
8 SEP 2006 22 starting the sequence of access events in response t@pgSER 2006
conpl etion of the delay sequence, the delay sequence of sufficient |ength
of time to allow conpletion of the sequence of access events once started.
41. The nethod of claim40 wherein generating the transition detection pul se
conprises generating a transition detection pulse having a m ni nrum pul se

wi dth. 42. The nethod of claim40 mherei%gthe sequence of events conpri ses:
activating a row of nmenory cells in the nory array; refreshing data of the
menory cells of the activated row, and deactivating the row of nenory cells
to maintain the respective data.therein. 43. The neﬁhod f.cgﬁinn%?, further
‘conprising gener é’tapﬁ’ét SSAHFTCE A RISRSS FUFUR I egponte P the smrlctisnh s d5f2Yaccess
events idquérRs,ARNERayt RqE@BPbBubfRnd fenith @f ik &Y alfROtREIRIondA the BueARIdfod Of
claim40 wherein initiating a delay sequence conprises propagating a

fal | i ngaEeRgevets asestaftedhsi ti on det ecti on pul se through a del ay chain having
atime delay.

41.  The method of claim 40 wherein generating the transition detection pulse

comprises generating a transition detection pulse having a minimum pulse width.

42.  The method of claim 40 wherein the sequence of events comprises:
activating a row of memory cells in the memory array;
refreshing data of the memory cells of the activated row; and

deactivating the row of memory cells to maintain the respective data therein.

43.  The method of claim 40, further comprising generating an initiation pulse

to start the sequence of access events in response to completion of the delay sequence.

44.  The method of claim 40 wherein initiating a delay sequence comprises
propagating a falling edge of the transition detection pulse through a delay chain having a time

delay.





