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METHOD Background of the Invention Field of the

I nvention [0001] This invention relates generally to
conputer nmenory devices and nore particularly to

menory devices that nust be periodically refreéﬁé@”%%y2007
avoid losing data. Description of the Related Aft

(0002] Certain nmenory devices can maintain the
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Summary of the. [0005] In one enbodi nent, a nmethod of
refreshing a cell in a nenory device conprises

deternmi ning whether said cell is in a witten state or

in an erased state, and, if said cell is in Sa}iooﬁanuaryZOOT
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[0009] In avother ercbodiment, a method of avoiding loss of data in a volatile

memory device comprises establishing a deadline by which said volatile memory - device

must be refreshed, and monitoring whether resources arc available to refresh said volatile
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2 30 January 20U f nenory device. |If resources do not
becone available to refresh said volatile nenory

device within a first predetermned tinme period

bef ore said deadline, the nmethod further conpriﬁﬁs Y,
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{0014]  Figure 1 illustrates a computer system that includes a volatile memory
device,



device. 3 30 January 2007 [0015] Figure 2 illustrates

a conputer system baying a software refreshed nenory
device in accordance with one enbodi nment of the

present invention. 100161 Figure 3 iIIustrateS@J 2007
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Specifically, the address/data/control module 140 generaies a read control signal on line 200
and addresses the desired memory cell 170 by sctivating the appropriate row 180 and column
190, The address/datafcontrol module 140 then receives the data stored at the addressed
memory cell 170 via line 200, and passes the data to the processor 120 via the bus 130.
[0021]  In addition, to write data to a particular menory address, the processor 120
issues a wrile command, together with the memory address and the data to ba stored, to the




menory cell 170 via line 200, and passes the data to

the processor 120 via the bus 130. 10021] In addition,

to wite data to a particular nenory address, the
processor 120 issaes a wite comand, toget her3v4 v 2007
the nenory address and the data to be stored R ey
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power is required to performa nenory refresh

operation, it is desirable to mnimze the nunber of
menory refresh operations performed. Thus, the nenory
refresh circuitry 150 is also often configured, t 2007
perform nemory refresh operations as infrequent$% 234ay
possible, while preserving the data stored in the :

menory ice 110.. 5 30 January. 2007 . 100 .
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the time interval between successive memory refresh operations can be zbout one hour, In



conventi onal DRAM nenory cells. For exanple, in one

enbodi nent, the nenory cells 320 can avoid |osing

data even though the tine interval between successive
menory refresh operations is about 0.1 seconds ijma 2007
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cell 320, For example, if & “0™ corresponds to the erased state, then, during step 408, the
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current address does not need to be refreshed.
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the mnimumwait tinme, the appropriate value for the
maxi mum wai t tinme can be determ ned by considering a
nunber of factors, such as, for exanple, the gjxam mum 5007
time that a menory cell 320 can retain its Y
state, the tinme required to refresh a nenory ceII 320,

the 11100 po Yeecoinbet b3y Pnicd=gf afiErs e oy S8 w0 be

lrme&eﬁnwl t'ﬂﬂldtﬁe %rbdeﬁ&etﬁ:ﬁﬂtoatéy ast, aeoths |vgiw:btff tie croe:htel‘tclontsbgnding
on period o

t such , far exa
o 82 B rout e ddreps g pgrem %“d%ésf?&“gg‘?"gi‘%ﬁg“gﬁﬁﬂ%ﬁd o
o] tﬁdmmlmtmnif,that:ﬁ@:oﬁmeu BRONat e dn'rent mms reeds 1p de ieficished, then
about one | n anot, rrent e
el Proserte 18 St F DY B S pists e Bosat Maitabt to
aReiekiche REB6E cEEI20, the rraxurumvvalt t|rrE|saper|od
of 0049] If.th X mum Wekd bt i
has noﬁ'&{}é Bg‘é"g& }q“t"}ﬁeeﬂﬁd“f"ﬂ“(i’é“ SRR 6%% El"Eﬂ&fed%’mn
prr&ﬁﬁsﬁQfgvo'Zﬂdﬂ bekine rakdikls damﬂhé hﬁmoxyhhe]l BR0valr Hie cutdnl t mfs gtill
at the .address correspondin t cy v
© nes B e i e propehat s o e Sos Wit e eddpy B s
i 'bm‘f&id_ \GRfeln fRourded o bst-ﬁﬂqu{’sﬁh &, h}ﬁotherrﬁmtfcssea‘ s;iTlf thetr tm tnecessary
condi ti nsnra cat e, that the ce
? oungon e Svaiafls ol e Rsmony Gel 0D he i BGrefibs josep
30450, ot mezﬂaﬂory [@M300 at fhot duerentexivress sebﬁum)aad tiehprocess

current addre oes not need to be refreshed, then
t 1f87 'ﬁc%‘g’g" F’éﬁdlﬁg‘ﬂ? to step 452, where the val ue of

t he colwmr qardne sabhodinag, the qardcbm itlustrateh in Bigomer 4 is repeatedly
address i s, i ncrenente nd t he c SS..C S
S P e e, Pty A1 T i OBt Hhmery
C &efres® 3fkration 1shum odgbitigeprtceseliiasis cmﬂnﬂy deourting metlierh;skmnd of
then t he pr.ocessor 0 contlnue
e s B Syt o8 JEeoRReelgE 10, T bl YA B gnd e
W&ammm @hit 182 an aﬂﬁﬂﬁgc]ou@melednd ahd sfjusted euch lthest eachmemory cell
et er, Xi mum wai t.. .t S
o470 et SRRy 20 Pl ey O Bl BB R n e
t hﬁezﬁdiyﬂ@&b?:aﬂdr ess still needs to be ref reshed, then
the pr S pL.oce R 6
e P RS, g S i B o MBS DBty gt o
r e&euﬂ:qmn 1§£beﬁddme withew epbainensefshe psasath invérgion.t Ing first step 500, the
necessary. resourc I fr t eih
neROFY e Saan & FRA %v%@i“éﬁwﬁ it frtf A 6 method
45'ﬁlusn\ah& iEFigie 4mmbxypm Iaysteaﬂb'ﬂadf Figoe T mpinbins aa:gmt@@gvmg a
| S ST hoap 3 b 1 alto I Rrons 4R W' ARy 2By SRS Hollith tho
mathocl illustrated in Figure 5. In a step 504, the memory cell 320 at the address
comesponding to the current value of the counter is rafreshed, using the method iflustrated in
Figure 3 or another suitable method. Inm a mext step 506, the value of the counter is

—

incremented,
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[0052] In one enbodi nent, the process illustrated in
Figure 4 is repeatedly perforned, w thout

interruption, by the processor 270. In this

enbodi nent, the nenory refresh operation is a%O 2007
ongoi ng process, which is constantly occurring 3onaMRY
background of other processes being executed by the

processor 270. The m ni mum t1 e an

et BFR o dms St 0% 1 RSP I A< BRI e R

e erving Lho s
requently as possible ile ervi e

ioneTationTis icomplateorkon cxamblen dhe TRRASY ﬁ'ﬂ%’\/?l’f?g [bﬁtfg%ﬁ‘d ored

Fobﬁyl ﬁ@ whetl deu aefnaltyeesu 80 AiexiSRY gl 300 hisbkamesheshi, or when

['ura nor cells 320 |gﬁﬂ$corgﬁﬂgg W th one
@n@@ﬁm&fﬂﬂné?oﬂﬁé jpuleg Blagk of mempieyhas pees 15 t step
500, {ofes) prx@&@m@@%m orl 18 ndt yeeudmpddte theb,0i8 a sep 510,
timer is reset and st As with tgg ge hof%g]bthm emory
ithd pracepsat 14 detwrwing oybe wea%wmﬂfw PR
Flel§ 9Bt the ARdritb BdriSpoRdifgt Rie@tirrdiBvalue Of the cotatet If wistemiresources
correﬁsonds to a partlculaqﬁﬁgdres in the %EHB %&
e ayyilagtpothem iy Biopass TN &o ot ﬂ&‘i‘f“?"é’f‘é e
S iftefliER, RiA4he pditss BRIRNCY, s0dbsdribeboed t he address
correspondldgito the current val ue of the c E%hﬂm
ure

r ef r e {0084 thg offhive havdy i SEptam ToRRVTFS ER O AP
YherddP bdNES205 thidd, 2Dh StepTBi2h 4 prokdscd 20@ !Idtarmimpwﬁﬂlﬁ:; thieHtimet has
val ue’ of the counter IS |ncre nted. 13 %%fé%%H%&%ﬂ“Mh
Zerpded ppsdgtenpinied meximmotRl. Hpt, o AP RN G0
dﬁglﬁlé mﬁ%Aﬁﬁﬁnﬂﬁ!uetﬁ?@em&mum wmfmhu pieteartinglbyi cgnsidering
onpl et e nunher con i ons
S 9@?@&@%&5@?‘%‘% ‘i‘ ”& o o%%%bﬂ?‘*“ %
t REin R Rk Gl e @RLicqdiled to rﬁ-yshbaememotslodlé (33Q) the number of
conpl ete_when each C 32Q,in a ne r
oA SR Kb SEREES B hile Sloet e ket 3 uis
%te&te&&héd fallidtim RlaR Gilfe @fm diesmRizsoukla be beﬁaﬁvelgﬂmwmﬂ of time,
055] If the nmenory, r esh .oper at amqghm
Beprefpexampiep peppd ‘ﬁ.sg’f"é‘%' TRROS, ROPTR ggessor
det er fedes WRHELRE embydEhal) theSaiimes waie uamadisaucé ghgve in
refresh the_nmenor cel,l 0 at th
CeRREHR Y FiguP 4 ot p St By P P ocessor 270 opp wit
SYSFre 70 R SKOHEIGER Sesordtes tmmeabhmbletth exfreshhan ipdividest memory cell
returns to step, 504,

C5H0 o e Fere st Bty b O FOpEEE, e dafin 42E e
C SdHhekpdi@Sto RSmAESEH itie dhaabze\pmnes[;da Q36 panCrmait brfore itfonces system
h?pggmwiéa%i%c%%:g {qvg ]8% ¥ ar]F HP glt Srgaﬁz?ﬁ%gg:lcﬁmh ol BEE H e
PEREES SRy PLI0Qr Sether ke Siembre bihey refrdskedt Tinsi inlsag embodiment, the
maximum wait time is a period of about onc day. In another embediment, the maxinum wait

time is a peciod of about one week. In yet another embodiment, the maximum wait time is a

period of ebout one month to two months.
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exceeded a predeterm ned maximumwait tinme. As

di scussed above in connection with Figure 4, the
appropriate value for the maximumwait time can be
determ ned by considering a nunber of factors,_ such

“as, for exanple, the maxi mumtine that a nmemoryPO¢BNyary 2007
320 can retain its assigned state, the tine required

to refresh menor,y cel ] .320, the .nunber

col | 519088 " JelBErmRnE S e B aPt R oo o R ez o
Chitdp G 6, e pda e ribed RbBve, thy [eot@tsar 27D neinmes té momitonahather FFsm
can advant ageou

Ctpetn R nes vl Ty B S eyl S8 (PELE i rachcs e

m%mggﬁnmmtnﬁ;m shlytime, fagdtan resrurckoimyenat ba@Os Ayailable, dira the
enpodi nent,, the | walt ti | SCUSS

TR TIEEHE AP BT YO I Ppostt AT e RS SRl Ml oo
t dehiRuisked by biher pﬁfc%&ﬁ%ﬂfﬂ:ﬂﬂﬁ nemammsbl I urcds bécome avalabilegp cafissh
system respources to CO aval t

e So T R P et s e Suofd by o320 a e
i dukreittalRése T réfrestict,Gnid the frocessvotthpespashiescribminbiover he

et "R oA SRR o 1, BB ot i

SHEtRY henicRP REEh @perition beoapibte 2 Gadeltibdeerhmaticafis mede, b process

of the renmini ng mepory cells 0 in_the
Sbes Sipoerds it h B IS TADT e B e Solnley 5 e RTE M bk,
| e pOCesiBOdi ment, the maximumwait tine is a period

v 0" T ¥ b e P e TR i SRR By

apotdaer 2THeaekisatnt Intthie crbmdinreuty thwarstootyi refeesh gpegation isipedprmed

of about one mpnth.to, two . oonths.. J 0 i
ersaarale e T, Prite e, PV, ping rodbs) 80 Wb Ofbve in
r emadutich with Eigupr ¢ @bs proetaor 130 o wyegsaely oafh end perfogm this

descri bed above, the processo 7 e :

OERTeh A appalen e el S BS Rpug Bnd ARl dphling voon the

aveiiteetante of te bafiputes hystere250and nyondid lon@2ity ofthe dats pared W the

tiner rqgglg s the predeterm ned maximumwait tinme, if

s PEPEN°F rces have not become available, then the

pr ocegsogp) oc Ehdprotessen ilmstepd 5d Figuwh 81 4 2ach® apsroeely sysmples of

270 torces certal . :

- B B 600 s ERE B b8 TR iucions 290, Those of
enihasaskill trethe el loxersan tetathésa [skenplay rakgoridn cay he easily

n

menoy, el 1. 320, The pr %E efdteBsir Lif poktSR theQdesent
mﬁgalg\éqﬁé%??°%¥'lop§%§§? :B&p%urreﬁ‘t?w’a ?es_s ig#c

r disclesteetiosea ordinay skitl gcibe et willvniantasd how do deelen 3 Widg variety of
abpve.. [ 0059] This process repeats until, during step
56@?“%’%%8%’Pg%"5$sor 270 determines that the menory
refresh operation is conplete. Once this determ nation
is made, the process then proceeds to a step 516,

where the nenory address counter is reset. In a fina
step 518,
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the process ends. [0060] In one enbodi nent, the

process illustrated in Figure 5 is repeated by the

processor 270 periodically. In this enbodi nent, the

menory refresh operation is rformed periodicagbgammny2007

rat her than being a constantl'y ongoi ng process,

descri bed above in connection with Figure 4. The
Cbﬁ%@@%sor 270 can advantageously call and performthis

process at regular time intervals or at irregular

ti mel.i nt eAvidtBod ofxstushing)a msorery bell of 2mamornamay thyf method

the conputer system 250 and upon the | ongevity of the
co@irzimgt ored in the nmenory cells 320. [0061] The

processes illustrated in Figures 3, 4 and 5 are nerely

exang} gschif a @0k M}H&n&ﬁr@c’elﬁ @Ps@@niegiélrf ARy, Adtemidifle

menory refresh instructi 290. Thos ordi nary

wl’?e%‘h%rela of %%ﬁﬁ%al% g£ nﬂ%%%ﬂo%ﬁ nx%gglli]%t }eg-g?t? exenpl ary

reno o ar cert ste I\/br eaver, .in
of s rﬁ}l@ggm% bty sl req bqfresmlﬁérv% i B m an
the art will understand how to develop a wide variety

erafed stat;er nati ve al gorithms. 15 16 30 January 2007
CLAIMS: 1. A nethod of refreshing a nenory cell of a
e moiff yaid rgivaen, cell heinrsatdwordttercsianey refiestang §aid celdbi issfiing a refresh
plurality of nenory cells of said nmenory array,

wHRlfRIcHbA g salesiher each of said plurality of menory
cells requires a refresh; determ ning whether a given

cel | LRSI s Bob il @find nddhalt b LNy RS J% il

eras grven C IS |n Sal

Wl‘lt n state efreshing said ce

ret vt Snohies 68 0 st ibe eneller SR P g 1or a

first perl od of tine since said given ceII was

r ef reshedTheimathod ef Elaimnl, rﬁ@rﬂwﬁépmem@a i syl gelh i@ spid erased

requires another refresh. 2. The nethod of Caim1,
stdterefreshingsapd call hyissuifig 8 a¢fieshetdse instruptiosiodaist celed’

state, refreshing said cell by issuing a refresh erase

i nst3.uct i AAndtRodef shege@Vihg ddta sthré@inoeblaile Picas@Y \detige having a

data stored in a volatile nmenory device having a
plurality of memory cells, comprising:
addressing a first individual memory cell of said plurality of memory cells;
waiting for a first period of time since said first individual memory cell was
addressed;
determining whether said first individual memory cell needs to be refreshed,
if said first individual memory cell needs to be refreshed, determining whether
system resources are available to refresh said first individual memory cell;

if said first individual memory cell needs to be refreshed and if said system

resources are not available, monitoring whether said system resources become available



plurality of nmenory cells, conprising: addressing a
first individual nenory cell of said plurality of
menory cells; waiting for a first period of tine

since said first individual nory cell was
addr essed; determ ning mhethgf said first indivi%%gwumy2007
menory cell needs to be refreshed; if said first

y . Neel SN | . . .
to refrash iseid {irstrindisidpalbmpmoneeelisvithin pscpandnegnd @f time since said
determ ni ng whether systemresources are available to

firstahdiestuabmechofy cedt waswlidvissedal nenory cell; if said
first individual nenory cell needs to be refreshed and

i Soiad G iRiVidiASasth 6§ T el heedyab bayéfrdsB&d &nd if said system
nmoni tori ng whet her said systemresources becone

res %Lgd.eg aB ln@} Belonid a'llﬁﬂée’lﬁf %&Mﬁgﬁs%hd zt.ae‘aoﬁ@ﬁérﬁﬂrbﬁﬁﬁéj fhicirlsaid

I'vidual nmenory c second period of tinme

since.said.first individual, nenory.c e
refPp RGeSt S RS s 4B et ref R saic

refreshed and if said system resources do not becone
firghadiviypbmgmory ¢el5 804 second period of tine, forcing

said resources to be relinquished, such that said

r es afisadd §rsp émtividualwasrertyicell meedsdp be sefreshed) refreshing said first

i ndi vidual nenory cell; and if said first individua
individaymembtly cetlaging aidevailetle eghiad resoefoeeshi ng sai d

first individual nmenory cell using said avail abl e

Sysigem r eSRULERSd of'Clalii®, WhkRaAfsH fifdt g&ﬁ%cﬁofﬁhﬁ@ ivithin the
said first period of time is within the range of

] 0 [ one week. 5.
ral TR VRS sBREA abbhoR R BAER °0C 105 ot
ti is w,thin the ange of appr.oxi mat el ne.week t
approxi math§l Iyeqlﬁgoﬂg{‘?ﬂrﬂge Wg‘fmﬂp %é‘fﬁ‘?f&n%f’e%?fg? igg 19 yulin the
of data in an array of volatile nenory cells,
rargsrafepRioimatelyswetyaek te aprrpriaately twe mangs. a gi ven
i ndi vidual nenory cell once said nmenory cell has been
r ef rleshedA nshedl dfiaveidinlost ofdptalinvan arrayef velatilevnagory cells,
before said nenory cell nust be refreshed again;

coffpfisin@f i Ng whet her resources are available to refresh
said given nmenory cell; if resources do not becone

b R P TRA HEETRERoEPL) i emory
SO

cell %ansa'l)é]einnrgﬁ'esfh%{i,csiap ir%gli éjouglgng dow %Il}eorerkﬁ%ining before said memory
cell must be refreshed again;
monitoring whether resources are available to refresh said given memory cell;
if resources do not become available to refresh said given memory cell within a
first predetermined time period within said time remaining, forcing said resources to be
relinquished, such that said resources become available to refresh said given memory
cell; and

using said available resources to refresh said given memory cell within said

time remaining.




reli nqui shed, such that said resources becone

avail able to refresh said given nenory cell; and

using said avail able resources to refresh said given

menory cell within said ti remai ning. 18 30 J

2007 7. A nmenory device coﬂ%%ising a plurality %@Fﬁﬁﬁ&y2007

cells that nust be periodically refre heg, wher ei n

sai d-pl urhmenporydevies cemprigng a piurytiy of cells that Ut beshed

via one of a wite instruction and an erase .
petindicallictefigshade pdieneatsadid pluralitp pbedlssoe sonfiguragi ta begefreshed via

processor is configured to determ ne whet her each of

ong if @ walts itiuttior0indogl draseripatiftion eechived dfones prdessor, wherein
wherein said wite instruction is the same i nstruction

saﬂléfrb%s& i%%%uré@&r&%?mﬁwﬁéthé}%a&pgf $H pIghliy WF LR needs
ope eln salid eras

rati on, al e Instruction Is the sane

hnstruction during. a.et - ef ' .
to hEFH e, Shetith s B o ARG B PR R Wlfhng o write
s also configured to, wait a period of  tinme.since a
refepsaqperatinaps! dHEPE friF gPaEborh JLliratn SHid EFAs iN3irH ey is the
determ ne whether said first individual menory cell
sameduiirucomn duning 2 ebereisgnoperatdm andaluringnerase pperation; and
Caim?7, wherein said nenory device conprises a
whreig saidrddessar dnalss taifiguanblonvatce paipdefitone sined 4 firsd.
The nmenory device of Claim8, wherein said

indi% 5 PRERBHEC 0N e iothed A 4P B tAGEAS SVheMRPEAId Gest individual
conprises: ‘a cell body having a top surface, wherein

' I ' : chal cogeni de-netal ion

méﬁggs%ﬁgﬁ%&?%eg%%g%%&di sposed at said top

surface, erein said electrodes, ar.e paced . .

di st%nce ?mPFyo‘?ﬁvbcﬁé)fgﬁﬂ)‘Ph r".ﬁs‘heffil.l1 ngﬁén?fg?ﬁ'%{?wcfg\? PEenses

of C aim 10, wherein said chal cogenjde-netal ion
a pyp g mpahle eosiustog Endan askessenarryéchavi ng a Group 1V

nmet al di ssolved therein. 12. The nenory device of

d aidn 11, Themeembry dwia aftGihico§enhatenseidgirogremmalpleennductor

conprises Ag/ Ge3,Se7. 12. A nethod of preserving data
rafdddf @ekebmemvey &dli denprie®r y device having a plurality

of menory cells, the nethod conprising: 19 30 January
2007 a cell body having a top surface, wherein said cell body comprises a
chalcogenide-metal ion glass; and
two electrodes disposed at said top surface, wherein said electrodes are
spaced a distance apart from one another.
11.  The memory device of Claim 10, wherein said chalcogenide-metal ion
glass comprises germanium selenide having a Group IV metal dissolved therein.
12. The memory device of Claim 11, wherein said chalcogenido-metal ion
glass comprises Ag/Ges;,Ser.

12. A method of preserving data stored in a volatile memory device having a

plurality of memory cells, the method comprising:



accessing a first individual nenory cell of said

plurality of nmenory cells; waiting for a first period

of tinme after said first individual nenory cell is

accessed; determ ning wheth said first indivi

menory cell needs to be refreshed and refreshrﬂgﬁhumy2007

said first |nd|V|duaI menory after first

per i36eessing @ fiat ipdividual memggy %“’ﬁ fadl R Wé’%‘% memprycgells;

i ndi vidual nmenory cell needs to be refreshed. 13. The
warenghfed adtrsi@eaiothof 8mevafier sdid firsténdividpalonemeryssiingccsssed;

first individual nenory cell of said plurality of

e neler@@iihg wihsthEosaid fiesh irafividadl dnguhory @kll nyedsfto baeefoashied;

cells of a nenory array. 14. A nenory device having a
an@l urality of nenory cells that nmust be periodically

refreshed, said nenory device conprising: a processor

gglu(%le ?%lfllrggass 2 Hrs?mlﬂg)\ﬂ{iﬁa%qe%aor?%a? E&f? Cs?lld ferst ﬁﬁ\‘—iq'ﬁid%frhme ifitis

1"$7°C ure

eri of t] af ter fir dj vi du I nory
defepmineddhat seiddusiingiy: @Fm%ﬁ)ﬁwﬁ%ro%ear freshiefs

i ndi vi dual menory cell needs to be refreshed; and to

ref ridsh sﬂéhednrztha@pf ChamBdwhereivetie sigp of peceasing paid &gty

first period of tinme, if it is determned that said
indiividsial memiowi cklied f samlrpimyhtyedﬂmm«a@s:ells s foeeachfof eaid gdurality of
15. A nenory device having a plurality of nenory cells

méﬂ&{y&}]§bf£’ﬁlenﬁ9fhﬁ§iy.ca| |y refreshed, said nenory
device conprising: a processor coupled to said

pl ury lity : EPE,‘”MY j
i ndi \%l duaﬁk%e Neno yéﬁlggﬁﬁélﬁggg[%ﬁlﬁ? rality o?ﬁdrrt\q:ﬁrrt:)rrnyISt be
cells . and for etting.,a.refresh. tiner for said
PeRpHCEILY Frdreshed S Faemry SEUPT CURRBSISEH d f i r ot
i ndi vi dual nenory cell has. been refre hed, sai d
r ef radgﬁCQSF?FéiO“E@Grﬁ? Faig PhsHY of memogy &85 ng bef ore said

first individual nenmory cell nust be refreshed again.
wherein said processor is configured to wait for a first period of time after said

first individual memory cell is accessed to determine whether said first individual
memory cell needs to be refreshed; and to refresh said first individual memory cell after
said first period of time, if it is determined that said first individual memory cell needs
to be refreshed.

15. A memory device having a plurality of memory cells that must be
periodically refreshed, said memory device comprising:

a processor coupled to said plurality of memory cells for refreshing a first
individual memory cell of said plurality of memory cells and for resettirrg a refresh
timer for said first individual memory cell once said first individual memory cell has
been refreshed, said refresh timer counting down time remaining before said first

individual memory cell must be refreshed again.



