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generally to conputer menory devices and nore

particularly to nenory devices that nust be

periodically refreshed to avoid | osi ng data.

Description of the Related Art [0002] Certain nenory

devi ces can maintain the information stored in the
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circuitry to ensure that every nmenory cell is

stofed asthe BRAM.| east as often as necessary to avoid
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Bemogr yelisf corfiguied vianan guray, which typically comprises a configuration of

intersecting rows and columns. To mainiain the information stored in a conventional volatile
memory device, each memory cell in the array is typically refreshed at least several times per
seconc. For example, in some conventional DRAMs, each memory cell must be refreshed
about once every 64 milliseconds to avoid losing the information stored in the DRAM.
Accordingly, conventional volatile memory devices typically include refresh circuitry to
ensure that every memory cell is refreshed at least as often ag necessary to avoid losing data,

which is commonly at least several times per second.



[ 0005] In one enbodi nent, a nethod of refreshing a
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and, if said cell is in said witten state,

refreshing said cell by issuing a refresh wite
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[0009] In another embodiment, a method of avoiding loss of data in a volatile
memory device comprises establishing a deadline by which gaid volatile memory-device

must be refreshed, and monitoring whether resources arc available to refresh said volatile



menory device. |If resources do not becone available to

refresh said volatile nenory device wthin a first
w@e@dotssm ned time period before said deadl i nECT/UR®03/027056

met hod further conprises forcing said resources to be

reli nqui shed, such that said resources becone

available to refresh said volatile nenory device. The

net hod furfher conprises usin id il . ;
ooy e TSSowERTR okt St oA SRR E R momory device
WREIQ! BrsSptbdbianed time pefdd0fkfire bad Andlidee theandsiom furthdr comprises
comput er system conprj ses r ocessor, MeNor )
fefee B eEApiee i todeluapahed, e Ba A FeoRmices heoy B abip et
sSl8ViimHe GRA w{‘/j &R, oTHR iR dl fivher myfrRbs RinkRAK aGAiRblc RRources to

periodi ca refreshed, and a software nodul e that,
refiesinsaihoadaijemlerhyry dedsedsfroristsatliner ef r eshes sai d

pl uralidty cel.ls. i et

TR, o, S5 bR BB Sy S ps «
n[E?ﬁﬁy cﬁ&icﬁ eoupbdite fﬁ_.idl yromﬁdr,aﬂtmﬁﬂ;b ' samm?]m dedeaicopd puiseslai plyrality

of cells are configured to be, refreshed.i esponse
of st Bt et DRE PO DR Ohot AP L BPPIE Fp o Sxeted by
sﬁ&%ﬁ)icé’s?&, fetrORefsal GRS OF sells.and Wherei n sai d nmenory

e

Ice 1S not configured to generate or to receive a
r ef r B9hi]c onkr siothes Frapradiment 2t metnery clegice pIARTIFET @ Plwdlie of cells

Cin [ r [ Se:d ) i b
ESHRLT R G, ao6id PRLIEL s LOBAELA b
réttadlical ih kgp@ise wed Wete itdrattiomos tn dreseprstiugbngedelvpd from a processor,
refreshed,, whereiin.said

pl yral i of cells ar
s ap B B O B Rt are D 1Rl ¢ pfesh contro
sigRaltih Qi et Fréih sAdwETe Bt bf fieh s4d eragdmdtetbel r om a
processor, _and wherein said nenory device,is ngt

conf (Widled Trangéhiee prbedigimty HeBER; dryics CPPTSes f PR of «o/ls
tﬁdrt apat vk NRbodlbdil & Seshsd WS R sald Ehgafli'tf‘ of EdIGt4r® Boiigured to be

omsald erase’instruction. Each of 'said plurality
refiesbel ih sesponrptd s wsitednytmotipnaonrm briase intafion rpepfyed frogieq Processor,

i ch conprises cel.l bhod havi ng a,t .
S aeref R ety Aoy ndniaiaN Bhefi @R S 2E S control
digA] @hPEHes Tbm taiwweteiaithetiesordiap esié draad insmiction.ofach of said
surface, wherein said E|%%%£0d%ﬁ %re %ﬁa ed a d}stagq?mﬁ
dyaky of pells comBrises PFREFAMIRHEPIBTalizAlgn 63 h S HEBHFFRE A5 PO
lﬁvﬁg ObY s&eNh CiherMiTRAd S@Sbelly Rbiprtlel b hAdogselid-Metal fotglass and
nmus

be periodically refreshed, wherein said plur%£it¥
twh ahwitbdes alispoted it syl tersurfacep wvhereiar sk plesrodey are SpasFs@ distance

to. i jastruction or an erase instruction
ed Bl ndhi

roma processor. Brief Desgdption of the
Dr awijoass) [ 00 4hother gubeditment; b wstnoat deviee wompsser plopliverhoells
%%%P%%%%M}Y%é%#gﬂ%‘g rsyid p‘iju?:z\alﬁtg Qf c%lsv\ge configured to be

refreshed in response to a write instruction or an erase instruction received from a processor.

Bref Descrintion of the Drawings

[0014]  Figure 1 illustrates a commputer system that includes a volatile memory

device.



[00151 Figure 2 illustrates a conputer system having a
software refreshed nenory device in accordance with
wor@4pissdi nent of the present invention. [001B(T/BSZp03/e27056
3 illustrates a nethod of refreshing a nenory cell in
accordance wth one enbodi nent of the present
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D bdinson faedtired swimanch a0 Haeek VR S0t SPORBte b 140 i column
AiQO. The address/data/control 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 memory address, the processor 120

issues a write command, together with the memory address and the data to be stored, to the



WD 2004/ 021359 PCT/ US2003/ 027056 bus 130. The

address/ data/control nodul e 140 receives and processes
w0 b@4ei3s®e conmand by generating a wite contP@I/US2003/027056

signal on |ine 200 and addressing the desired nenory
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also often configured to performi memory tefresh operations as infrequently as possible,

while preserving the data stored in the memory devies 110.
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nmust performnenory refresh operations frequently,

often many times per second. For exanple, in sone
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can avoid 1osmg data even though the time interval between successive memory refresh
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snecessive memory refresh operations can be about one second. In yet another embodiment,

the time interval between successive memory refresh operations can be about one hour. In
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ARMIPRN oY RALERL. BPRI1I708TLA0 ‘Eﬁtggréﬂﬁrﬁﬁmf COPductor Memary Cell

|ncorporated intheir entireties I'S reference.
S sddMethoddhere@et fled Apnl 16,62002, anelf SsriehNes 1 0/42 1FRoRAdtitled

d
S T 3, Ol SRR 985G R 59, B8, . e
Kdzinki patexak &h d%orﬂphtﬁxﬁtﬁ alie thaeeth-fdding | ekt @ﬂﬁﬁatﬂfbﬁw taltChereby
n.the }sj,ecqnd st ate, glsopen circuit

.PCRAM c
BRPRTUSD R Rl Eos PEdOT GBS AhasPERRIRCBPTS, et in these
ERRAGE, SRORARIRAAbMRRESa ﬁ’iir ¥ eREHRAM &Rl dan EAERA bEoflwo possible

| ass 1 on conductor, such as a chal cogeni de-netal ion
togs dn the Fist stats. &1 deotricebishert gxist beweendhe lairoden (fAbPCRAM cell.

ka5 G S 544050 O

conpl@i$6k géomma N%nlbndlmeﬂlte ot dePCHAM call @omppsel a ‘glametoal conductor,
. Q. d th 7.

% Pt sBep BT R B abf By Aot 8P aupor of te

gk &n, condittort A8 sPAcaS & dRtBORRart Gfont Be: RGERAM @Ebhe embodiment a

cont ai ns the same netal . [00311 In operation,

RIIAM el ramprisgs gerrmrpiym splshide pith & Growp BY mstr! &eg- osliven issolved
Rdr&a ! fuodl §§'A§/fGe%‘,cpcﬁAMa%SJ bae & ﬁ@PQ&ﬁ%ﬁ& &)ﬂﬁ@ig% Toug fmetal

creat ed betwe the el ectrodes a
anf ghe\glags ¢lemeniofthe PORAY] collsorthionthe ﬁmmesméldr med. Wen a

vol t arit S.,a

Lot LB il thkdiSn ORRCId e il o des] R BRLIS Fld gepope the
ddoodslof a PORAM ctlh earcﬁhdalcﬂwpzaﬂng ckdaeed Gt tHeVidecpaddy alo@g the
dj saﬁ The presence, or absence of a_ _conductive

SﬁJﬁi”ﬂ Pt Hierviay i the plasscelpiest 14 fpged o IV Hr¥altage ihagng the

%@sﬂ@'p@ﬁhﬁ)‘ 5 pﬁ&isé.c?&sé“ﬂ%ecledﬂﬁﬂéé’eﬁl@ h&if BhLRLAQIRS into the cell
en_ a conduct Ive path is present, an electrical short

hody.stherchie cavsiang the rendaptivetnathdesdisanpenr.t h@ermﬂusqeam@sence of a
BEINER e Fithh G PCRIAR Sell San 1R WetbGedPby mOBudd}imO LG R fosistance

between the electrodes. When a conductive path is present, an electrical short exists between

the electrodes, and the resistance between the electrodes is low (e.g., on the order of



7 WO 2004/ 021359 PCT/ US2003/ 027056 mlliohnms). On the

ot her hand, when no conductive path is present, an
W@p@a/0zi3fTuit exi sts between the el ectrodes, BCMUS$1963/027056

resi stance between the electrodes is high (e.g., on

the order of negaohns). [0032) The features of Figure

2 are referenced throughout the discussion bel ow of

B0 50 o ER AL by 0 o R LY bl B it it
be@¥deri tHeRGcirdlegRRd BF résivnsd Rtvasn the elcirodes Ismight(e.endn te atder of

or an "erased" state. For exanple, if a nenory cel
‘ngéﬂﬂEﬁﬂprises a capacitor capable of holding a charge,

the [@I38P CNqhe Rbtufes Qhﬁ?ﬂ@ 2 a{‘é}efeféﬁcéaaﬂﬁﬁ%ﬂoﬂr tho\@isduskion below of
correspond to the wiflten state, and e absence of a -

orehitipmproiessebhe  capaci tor woul d correspond to the

era tate.. Sl arl ' ) e of
bl s T e
eEibyReanct dfawe lsak, o as vmtish Ustate or es oaedd't gatehEor example, if a

witten state, while the abse of a,conductive p
R T maT e e oDl Ot O PE & UREE T FETE L e
inSth@bpacithh 9281 orBpehd & the Witk stafd, bf¥eth@abseiidd of a charge in the

understand that, in general, the presence of

caphaiiewould forrespend éxthe eipveisttea Sivaliaslyyifa E(RADD eﬁlba%?ﬂ as a memory
cet2h SRl 8@9@‘&? 0% 4 &%ﬁ%@u‘vg E?lﬁ Vl\)ﬂﬁﬁfv@&?ﬂle whehsRs whiie cﬁg&ﬁ&ﬁQo the

of "ah eFenen ere correspond to the
wentas ewte, Sthilt ethe [88849 oAs disinciive ephtlaboireci rihe sheiedes grpuld

ith F 1, wh ) L 170 of . .
cofserph s BeFosb P | EORE TPy el B ofovil adegpnd to n

g@Rfal, idfeUdradendel AUR eleinb@ OFBAEYEY witdln a mdmOryreelia2mwill cortelpend to
given state for a relatively short Eeriq

. of ti
the \yeristen states wherens hysbeence ofiig slemsnt ofiint Iieété"eg ﬁ&%‘?spfégﬁtgﬁéeeemd
sdch conventional nenmory cells 170 retain their
- -assigned states for such-a short tinme period, each
© . menuif934g el | Asidi@ussad ehoe inr aspnestivrewito Figers, 1, whema memoryseghl 170

R

11 enfRk iveiegivaf siee e d RREWILY shorteperiod of Gifrej fuchisis,rfat edmple,

RNETERREIT NN TR Ev T —"

sl bR A 2 hoft@infldeM8l, YadtOREM AP CEIP U700 fnudtibeRefrdshdd often, such as,
exanpl e, 1 n sone enbodi nents, each nenory cell 320
fg amarepié, i3t lgish marepifioie has plppbl ¥ BResPendeondd of seconds,

i h | conds,
{n h 2 u@§$€l S ?%é gcgmﬁﬁ,y ?ﬁen\@ﬁngﬁory%re% 390 Q€ the SORFAE Qéﬂé@ﬁéd memory

e nmenory evice 260 can b
dpvies 6OV iihhstwdiéd @ PBigodeol id pigeedeinos partieflptestite.ofie rmemay gell 320

lLess frequent.ly. such e fOr.ex |l e, . i
SR Rgeopa R VB o R s AR Y B g et
in some embodiments, each memory cell 320 can maintain a given state for a period of
seconds, minutes, hours, days, weeks, or longer. Accordingly, the data stored in the memory
device 260 can be preserved while performing memory refresh operations less frequently,

such as, for examyple, about once every few weeks, rather than several times per second.



8 WO 2004/ 021359 PCT/ US2003/ 027056 [0036] Because
menory refresh operations can occur |ess frequently,

W b@4ozisput er syst em 250 can advant ageously peP¢DUS2003/027056
these nenory refresh operations by executing a set of
menory refresh instructions 290 inplenented in
software, rather than in hardware. For exanple, in
SOMe mbfdl MRtiuse Ry REMIY JpRfafiSRN chd) Dhbl Clekd Teqidfly, the
constitute part of the operating system of the
wowpiet eystesy 260 e sdvantremnsly o eatamony rafteeh waeretiops by

L
BEAERY s i) RS0k on3 306 W incg 1 Rbidep pnan i
Isicdwalrd. T iRod. chmple,emancphee embadiveents etble fmamom eeﬁmhun;trucuons 290
refrgsh CL{ﬁUItr 150 an? for a un| fresh contro

fugp POt YR G ﬁcﬁglfl]?‘ﬁ?réﬁs ‘gure 1, are

adv aOBIE O U ByMmfleinbhtB@itROmeritt) tréfeskh ﬁﬁh‘@dﬁbﬁwﬁ)mﬁ softwate, rather
I npl ementing the menory refresh instructions 290 jn

theyt foviapdeares Sherraymary, dpvicerZ 68 Lo adiantagqously bp giuplifjed. For example,
#BE REAFHQhe &Z% é Tofh Sirddtry S A0 08 FrQrvl (ffﬁ@[‘fﬁ'resh control signal on line
Sophi sticated al gorithms,” as conpar e he menory

218f e diustrated un thigurd 30 a(cFa@mt@cm)s;ly febmirded.er Anethergadnpigage of

to.performa nenor refre rati H
iRt e B ist ot T iele A0 i RPs st P igee i
thixti tBr6eeddor 210 (pagmm)cbam p@fm tntbr@su@memced iatgerithref astdampared to
@resent i nvent1on. a % 400, the process

& FICHSTY Teesh ﬁé’i&’ttfys]tsgdﬂﬁ@@ 1t f?é a5 FHBEE GYhen #¢) PProf@g? memory
leB&nh&hGor0f the menory cel | 320 The state of the
nmenory cell 320 is assigned a ?lcal val ue, which
c or r d8038hds Figyrea3 ilingjrateala nisihod @f refrehing, a rwmorieszﬁh?gﬂ%ﬂgpw 2)in

SRE R JFE UrBos bR ot AERSHARoP" 1o ARIREY 465 e process

correspon ase
Bdgﬁ'k e InDﬁ n&h&teﬁeinb,rthe pmbéssofﬂ 200 emady ths piateds thoomemoryagil 320. The

In sone al nati.ve epbodj nent s n the qther, . ... .
el b7t e ool a0 B f By iR Freamg iy digital bit of
&r @ﬁf)@ﬂ%p'lé) if sd R emBbdimbhits, MO tifed Eﬁteﬁff&ﬁﬁx@mﬁ?‘a&aﬁ 0 may

t he nenory Il 320 corresponds to a | ogical

taGagnd fma lpgmab p"avlle the eraged statesef dbe lzmowaﬂé PRY pergesponds o a
lg@ﬁ&lh‘%‘ tlﬁespgﬁfa"i\fn;ﬂhtévr?:éngdra ?gnegﬁ oﬁ Iﬁﬁ ﬁéim{a}{d,ccﬁé Iwrﬁt%ﬁ) sia?e of a

or a hen,
mbmpnyzwﬂi 320 ivay cpregpmd sma 2ied! WF Wlab the érased statetdf éhe mcmory cell
I, exanple, if a "1" corresponds to
f”i‘ Sé?\aiqgéwgq then, during step 406, the

pr OC qeeay . 340 ste§ 204, &hs’iproWsatoE 270 ffdriniieh whethertthe dhebit stored in
menory cel | [ command i s i iued and t he

%m& gell 520l 5 “1”pq>ra9céh’ 6 DB Wi 7 3 ol il i & piep 406, the
tEés 286 SRk g4‘1” {ohﬁe Béﬂ&‘?%élpﬁoz 7PQ>r dnmeq” E&%sﬁﬂa@ to the

a bit stored nmenory cell 32 s a
whiter state, @wlst@pn%@p @ﬁbethp Pw@s@o}'?()zmewr‘wﬁ? alstnmlom to the

-5101@8&‘&[ Xe., a write command is issued, and the memory cell 320 is placed in the
written state. If, during step 404, the processor 270 determines that the data bit stored in the
memory cell 320 is a “0”, then, in a step 408, the processor 270 writes a “0” to the memory

cell 320. For example, if a “0” corresponds to the erased state, then, during step 408, the



cell 320. For exanple, if a "0" corresponds to the

erased state, then, during step 408, the 9 WO
wWQ2MMIDBIB59 PCT/ US2003/ 027056 processor 270 PEHUSHOHORT056

"erase instruction"” to the nenory cell, i.e., a wite

command is issued, and the nenory cell 320 is placed

in the erased state. [0040] A wite instruction issued
prgwséop 976 i i g “e;a%g r].n%ﬁ'ncu%g’e{ Al %nfb@ \QF tehg wiitd Comband is

Wri e i'nstrilctl on 1 ssue éﬁrlng S6fandsr d Wite
1smaé,raad themenmory ¢l 328 impilacedimvheagase@ble. Simlarly, an
ruction issued d rln

openMiD CArie e RoEs et Al f BFRES SR PR Fen b the

sakr S QCwikkd riﬁd&ﬁctﬁms&s@étﬂmg\/x@tmar@ ReTAbpeRdtioh Qo kOB QYvice
device 260. Accordingly, as discussed above, the need
Zﬁoorslwlsmr, uesrase fipsiragtion dreedoduriag Griagmonyfaeiesb jogeration can be the

aﬂl% EhsORs cﬁ&:[ {sB\fd ’E‘EHEJ ¥ sty Hd‘”v%ﬁe QP& Qi mlérﬁcgy device

ageous y el mnated processor
260 nfpkatimglys bediscased dravs,ttbqaneéd) &r atuhanr;: renfnasbacohtmﬂ&hgrml; which is

ol oy B0 e T PP, "ab GRaAotS PLipiso fer e

pio8dstor 320contfidtgheted 486 oMitdpl 408 Qhen! RIFFNAL dtep 410 &héi\pﬂo&ts@dihds
state or in the erased state indef | nitely unless it is

per i[B1Eal |1y teansthogibeptrpipd indgrnn gy ibis gpsumed ks mgrew sall 320
(F‘?%Jré‘@) CABRR rd fnum “"ﬁn en Witk %ngoos ebaSed s@a@@L ‘agﬁrh@fyeunle%&t is

€ nenory ce sone e di nents owever,
periodivally wérb*hsd bzdssume ridwtits ingimetian ¢roavoeresepinstrvictien, afrhmhever is

F
afhips s b5y bR g 15 W ot R B I R bl 20
tegggf rdvbrﬁ}ﬂo oh&;pdrﬁlﬁtttali] se\lDiJﬁ!\d:r nimat fFotr \&hzﬁﬁpla mmémrcmbominbnts, the
() ace n e at e,
e 2206 e e e et e © P BP0 AR Fen 2

mfAbSSR111300 iSplRRH i @Hccm&ex sfa&:f nﬁsﬁb%rpyelpmfwmmaa Genfhin in the
write operation on the nemory cell 320. On the other

whitenstatgmdefinitelynmleshihis mpmdlqaawéﬁ@yd BY performing fpvrife ensratign on
30 10 ) 5 o Sl B0 B Bt BpBBIP 6 By el

30 1at<ﬁchmde fiierardsed tate,\al rﬁehmuy caticsea plagadtim tHeerasef steg vdlbkemain in

L. n. odj nent s 'I ustr
4 Sl Sty ST g, Bty RSBt thesR et the method
iIRkeARdA Fighee BédhReVanSeRs 06 sitplifédy clid@itinyBikieh ewed06 or step
corresponds to the erased state. [0042] Mor eover, in

495 ayehevspeprresponds o dbssasedhstit.gure 3, it is assumed that
eachy, %mrﬂ/m{é@véx’ 1%%9? ﬁl’éfhg&' 'Il?ast?&tcd' el '\é{/}éﬂgl fi f’gssumed that each

eXIS in one of Yy two st ates. eri hel ess
mienght ceﬂf32® Eigye 2kie napabllies»é pXgnE & otelvd sely ¢o sipigs. rﬂaevﬂheless n

hg}:ﬁl cHJ SI{lfIF g{eéeh? dfscllgfu e, 1 os g r%ag)p gklp 91¥V tﬁe W Lﬁ&gstand how the

nfeol sn&&Qtearm P@@mbl @n bee m@Xifest if nigg memotyomis t3lzanar¢ w:pable of

states. [004 | f a menory refresh operation conprises
ei“ﬁ‘g‘isr’r%?}‘? *i“’r Gst%t ed in Figure

[0043]  If a memory refresh operation comprises the method illustrated in Figure

=

,.1-

3, then each memory cell 320 (Figure 2) is refreshed individually, rather than refreshing a

large number of memeory cells 320 simultaneously, as discussed above in connection with

10



3, then each nenory cell 320 (Figure 2) is refreshed

i ndividually, rather than refreshing a |arge nunber
w@boomemssy cells 320 sinul taneously, as di scusBeHUsI»OVE27056

in connection with 10 WD 2004/021359

PCT/ US2003/ 027056 Figure 1. By eval uating each nmenory

cel I 320 i ndi vi dual |y, the processor 270 can determ ne

a 4 :
r es e§ ﬁ]?h%dg y advan ageolﬁ/udé‘ﬁ&lahgfv?tgg%‘ﬂﬁ%&%g??)cirﬂ%etﬁrgmme

whethecesls ddividial mesioryopetl 30 reads orbenefreshyd, clhérelsy 3B@ntageously

that do_not need to e .refreshed 0044 Lgure. 4
oy PR BT Pl QPR O PopY tAla Y fiapfo not e to
beRpRsedcel s 320 (Figure 2) in accordance with one
enbodi nent of, the present invention. To performthis

met h¥8441t heFigsppuluskateyameheduloetigiing aphelity ofgugreay cells 320
glg' g1@213691[«:1%?06%{hc&eceﬁ{bﬁmgﬂ%%u% Ere@en% E@Eﬁtiaﬁmﬂp%fgm this

MeNDry arra Irst step 4
micthed  thermputee bYsteﬁQZﬁOanamtium a @ddﬂeelsmng@mabsp‘dnm aegesponds to a

t he cur,rent. val ue of the, o resh

b A in R e et 140 e s 450,158 PR Ror 01380 at e
a8dibsk ABHrEspIREROR. the RwiRend S¥lhe SF R bbmer fshefrshbd) eusmg thehmethod
counter _is increnmented, and in. a next._step

ifysiveed inFigueaber anp@erstsblcanetngdo da s pext flep 432 & V&@e of o gouater
iPhACESS m§1719a§§§t§{eﬂh51? WRSE ReLt ahdGartdgmer has

excee apre etermned mnimumwait time. The
appr Eﬂpﬁ]at elnvalstey #5% theherogessarnifd detpnmines| whetbegnthp dimer has

Gg(geg(ﬁfl grprecgm i%.ln%cf) II;]I \n.lé]r 1T wag t1me mllﬁg) %Iq%%at% %Itug E‘oﬁ' theslHﬁlnTlll.m wait

maxi mum menor
tiddOcan it ﬂ@érmmmdlﬁysmsxawr@geadnmmmf fadiars,t suak as,efpm axamiple, the

to, refresh a nenory 320, .t he nunber of nor
magiopan Yot 4 BBy el ﬁa% carfafpiny P, 24sigRed StAlS, 11 EgR Aoguingd 0
rSRAY £ metnbiyeell 5 86 oS b ¥l Gk Y& th bb kdRslA rhnd thc like. As
advant ageousl y be a relatively |ong period o

of
disguspedeabove, dis predatgméined mipawmotbivime é@o%ﬁ‘déntag’?f"fﬁ@bf b*‘sa relatively
1%%2%%{)(1 %§¥l§ﬂe Qlch e}s OR{ %f(amp 1d] ta"lollg"lregio? rg? QQHOH&D gndmgt%? gglga,t days, or

erm ned” m ninum wa a peri
l«mga Inione embodimerathd jxedetmmhmd:l 'rrmamnm deaum isiamenodwal dbout one

SR el RS i B RO S v

aﬁasel GaNoditedBe ﬂﬁxﬁiﬁum[v@ﬁk‘iﬁ]e i¢ 4 pdria@ ofAtdLTAHNdWATotonk ek
has not yet been, reached, then, in a step 458, the
procl94elr oHheqainimm waik i asiet vt H@nﬁﬁﬁg‘?ﬂy thef(in a giopd58, the

pﬂ?]ceéslalﬁmd&&%ﬁﬁw&%étﬁé RNy E&] ziveat tﬁéiécfdﬁé% c&a;lsmdﬁg to the

e counter needs to be refreshed
cdirént enlpa of dmrmmtemsdmta)be réfredidatA ntnhmr qfh’ef’fﬁtmm}dlﬁons may

11;«:&‘.:1}» @?21&8 %xﬁ%x?r%r cég ggsg thé”‘ utreetsadgﬁas e&)&g (ﬂé oﬂ\}g&go i reﬁ-?shad For
i eianaiRb8sedwbeve, A smﬁﬁﬁﬁb’odﬁﬁéﬂts RRéh 4 memﬁtytcblé EY:1) ﬁaelﬂ:le erased

s?ag fﬂ%srﬁt@ggry rrwg]llng%a, ggeeszlqo} qug do E$ %{Tg%tgg?%&f@ver, 1Ie the processor 270

performs a write operation to the memory cell 320 sometime after the timer is reset and

started during step 454, then the memory cell 320 does not need to be refreshed until the next

memory refresh cycle.
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perfornms a wite operation to the nenory cell 320

sonetinme after the tinmer is reset and started during
wWGEL@p/02B49 then the nenory cell 320 does not nRPEHUSHORE27056

refreshed until the next nenory refresh cycle. 11 WO

2004/ 021359 PCT/ US2003/ 027056 [0047] If, while

waiting for the tiner to reach the mninumwait tine,

t he cessor 270 deternines. that th mor.y _cel ] 3
at t[ﬁé‘&l ur il Y hile WpERE f?.fotgg %W q?l é%aagtoﬁgl }41}11 e wé{% hed: the
plob@Rbr RAG IRERGRS Tiaf B HieMBrylcall S1ER titadrentadiresstdbes nothesd to be
of the counter correspond|g£ to the current}uﬁenorg din
refigehedJhen; the praeqseiviisnsda step A phere frsgrlie Of ths oSO Tespanding
. h esd dontiRRE Qs H&Eribed above.
R HRLAIE fy Fnbol  rt e y
OR 2 aitter hirkdeifocance the tinetidrebssths pininumewiisine thganemory cell 320 at

f hed, t h
b s IERaRLE R595550, BHIRERTE) et 8390, voms
ﬂfe?’i&ﬁisﬁﬁﬁ()&fe&mﬁmad WidHthe® sfsent Ridubh ateheaitiiego yefregiethk memory
320. In making this determ nati on;i%7t he rgﬁlessor. ZZ,O, iety of
opth20e via making this\elsanipaiionethy PRRcesserA70gRYy cvafjiats 2 wide Ve
f%?ﬁ%?x%/cﬁgg,t e S deRardd ®n RiQEEREBF 2R/ Ad@MGhOMehbl device

vice 0 or other devices in the conputer
26y axtoster 25Akes frible ¢cmputer Kystem 0487 theflikay st em r esour ces

are I,| abl.e. .then r 5
aher BBl B8, Y SRy By it a0,
whefeltesiedory 28t 320he tinr eerestaddresstis refreshed,amd tbamenessowgatinues, as
above. On the other hand,. if systemresource n
desprbedaghogs-t Hnrths Pg’%ﬂﬁt“ﬁfe‘f SHESEFD FFOWETS) ArS 38 avtaﬁ%%: & rr?ﬂgsh the
Ry &8P320! (Hen, Ak QGRS B¢ Qrddedser TMonREmmine! Wasthdrhis timer has
tiner has "exceeded a predetermned maxi mumwait tine.
eAssediidt h pradetermingdrmerimam: Weit e t A WithBieopiniTaR WAL frge, the
for e ' d [, YE: i ¥eri ber of
Bl MRl P38 AT Hiring b
feougapeueh g, er menripha et inmBmidnatime thap rongmase (cpll 320 cappptain 1ts

retain it assigned state, the fiR.4-equir
S S S O e ey
138 Qo b9 réiRsHel! #RaShe dke. a6 diskiRsddi dbbve, Ads piedaermded radyomey walt
this predeterm ned maxi mumwait time can iod of
tinep,can edvgaiagesnsly bea elatiaply dqng @Fged of He el i s £xqplg, 2 perto

in9&. Of on® @FBEESent A UhAEN it

o&?%%ﬁlgysg?m\%’%%’%ef ﬁi gﬁédgrg& I'n 0(I).lne en‘ooglti1 Un}ahﬁt ot hl_gn v_vm
timedis rupariadiiof” abaul e hadira Iip andtlese earhodiments the meexiggip Wajt jime 1s a
anot her _enbodi t, .t ' ] i, hivafod of
oL HRE Meden vpt U Ot skl faifimbRflpaflod
dvexdonbimom@i t tine is a period of about one nonth.
[0049] If the maxijpum wajt, tine has not t b . .
r eac tﬁ&ﬂ‘?] t héhthe maxinugy Wt gy has f“%é’ ehrsR é%ag%eld ’ %%8 in & stop 464,

ﬂ@%ﬁw‘éggs& 0RRIEEs WiRehePRRRidmdee bdll BB dle ddirsoatticgpading to
cofresponding to

the current value of the counter needs to be refreshed. As discussed above in connection with

step 458, a number of different conditions may indicate that the memory cell 320 at the

current address does not need to be refreshed.

12



the current value of the counter needs to be

refreshed. As di scussed above in connection with step
wa2®8/0285nunber of different conditions may i NPCTESM03/027056

that the nmenory cell 320 at the current address does

not need to be refreshed. 12 WD 2004/021359

PCT/ US2003/ 027056 [00501 If the nrermry cell 320 at

t he nt r o) t_.n r,esh

t non (R0 oy SEHELEATNGRRR ' B8 kG b WA st 10 be

ofreshink; theo tivt jeocessarivas postel 414, whm fie@alneiof tha toumgsrooryesponding

ress is increnented, and,th rocess continues
LBt oy OreS s B R B RECe RoR B B e ioed above,
O the oBOhak, ifii'lﬁ: BéHhidre 0éll DAGE 88 LURGR d8drése nb&ls tehd REBAE4, then
then the processor 270 continues to nonitor whether

the BrOgeRRaT & am&t@gem\r@ns@rcweawrema@wr%ha*feésrep@%awaﬂéﬂe to

&g@%ﬂ§ad §§9m0[00511 Once the tinmer reaches the
fedetermned maxi numwait time, if system resources

have [#51] be Cooetha\izick adables amdaredaienmemeeml w@ROngtif system

t he cu rent  address . eeds to reshed
iy BB BRohEataRbly e (PERShuy befinah @ BRerifion Aol suu
e Q6 6 Aifroshél, tha@BESocetirb@bdy t6 ¥ SibRId, @AY HkgRodeSobET0 forces
rel i nqui shed by other processes, such that the

GFEBESTHPY TesuEGY I b refupiphed Rapthernpracestpsy aich by thy, gecessary

Meé(béé@\lnla avAldble m%fr%%elﬁém&y @81 520 UL PrdcLes heBReturns to step
0, where the nenory cell 320 at the current address

459 méibrecthp guemey cbell R0 pat dbe surrent g diessu isstefrashed eandr thp atocess

&gﬁlw a%g %kda Qne enbodi nent, the process
PSP AP EE TN |gure 4 1is repeatedly per f or med,
Wi t hqons2] nt di rmptambﬂdmkam, e proc@s dhsanaie® 10 . Fijure tdhissrepeatedly
enbodlnel$ the refresh 2ﬁfr tlon i S an
el

fhe REELRATY y o B Pbadis s, the gremory
J@ﬁ@dﬁgf eﬂdﬁsh @fan of Ji@g prQEe.@Q QHEASs e&ismneef&%g% ¥ baél@round of
processor 270. e mnimumwait tinme and the nmaxinmm

qfbsrtrregepies baing savared hycbe propesser T8 e Theminimamapil dmepnd the
* el uu{n%tl 133 n TR %ﬁ%ﬁ&r EJ%e%%%d'aﬁd 5(@1&&&%%n&ptﬁgseach memory cell

i T req Uent y as poss reservin

mf e anfmqeehtny rus pphesiblegwvinile preshwlng ﬁleﬁﬁfbrm{.tﬁ)ﬁ&B)Ied in the
ure 5 |%¥ystrates anot her nethod of refreshing a
W%qe memory cells 320 in accordance with one

e ”b 0 ctompt FHighd18 iMishSIeH bndiRY eittod S réffesking lar;ﬂﬁraﬁt’y & memory

500, the ©process begins, and _in a next step

eel 370 goscbisage oS EIOpHTaTt &S HRDrERIDE JRYCPHOp R Hist Sep 500, the
Jokéé@ bég}&s dnd f £hoM rs Aot J]ﬁmlgpmege? hndHet@m 29 Qitdfthe method

|gure el ntal Nns a ounter aving a val ue which
Blostrassipio Figsire 4, the pemputerutysiem 286108 Exguier? whistainsnpeapnter having a

Bl prkoBBh S pibeti i PR 0L s BT il 2B K Bl e

method illustrated in Figure 5. In a step 504, the memory cell 320 at the address

comresponding to the current value of the counter is refreshed, using the method illustrated in
Figure 3 or another suitable method. In a next step 506, the value of the counter is

ineremented.
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corresponding to the current value of the counter is

refreshed, using the nethod illustrated in Figure 3
wo@eooakzisker suitable nethod. In. a next step 5SPGI/US1963/027056

val ue of the counter is incremented. 13 WO

2004/ 021359 PCT/ US2003/ 027056 [0054] In a step 508,

t he processor 270 determ nes whet her the nenory

refr op S0

rmy R CRE b oo T AR B0, A BHIRE I Bhr Rl et
opeRiipl &t eomﬁaé e:xammlber oft bvaditiewsonyy nmﬁqaﬁsﬂlab ger memony refresh

be conS|dered t e when h nme ry C
OPPWX%“ HefRsrR)ete, By ¥4ty T% tge PREERTS 5‘%9%35 R OBrm%gﬁ ofatiered
WEIOalh v 30 irfla R@fbiyCitait 310 heChkeen refretiea) or wh
mﬁég&been ref%g}s[,lked [30055] If]l t he ?lnerror¥r refreesh ot e
eadpmplawoﬁll 3% inopayierlardingl PEmemory kasheen yeltgshed ep 510,
t e 1Rs8F ©5 30khe AhMoRLELM BERANE LBESet SYANIBE HESAHE SR 510

are av e menor . 320 at
thaprbeass 200 ﬂetesqnmsdvhe@xcﬁ s;rstemGesoumcwsem awihb}e tcoﬂ‘efrﬁiihethe mb‘mof}’

Qunt er . stem r.es ces e,
ocf B33k rdires? HETeTpnbE b Fheniyafe B s RB; 1 PR GBes
ar8hvAlle, The: nrtﬁ@f)roceigfﬁtf?&&o sep 56, helhakk métﬁd'ytcble 3P0 srakesSarrent
conti nues, as descri bed above 0056 On the ot her

addeeqgis Iﬁ%‘é@s@érﬂﬁ%@éﬁr"é@@“ﬁ% & dﬁﬁﬁ“ %ﬁﬁof’%\bl e to refresh
: heées Sjom gl}lgﬁ%lm%g%mdt %@Stellﬂr}cﬁuﬁtﬁ RreXb? avdildBle to refresh the

pro eterm nes whether the timer has
mexagadi 320, thee dea @neprﬁh?edllmmmﬁ@m?%ﬂ@teﬁmm ‘whather the timer has

di scussed. above connect i on u ith
i s e e e
Figakeal iy ﬁﬁﬁoﬂﬁ&tmnﬁlfﬁehei mgkiman waivtiere carﬂ be dtgrmired by gosidering

as, for exanp rraX| mtlrre t menor

a gogbes gf facf’"é% éP‘ﬂ‘ i E"r G @?%’P‘ém ’l“??e i %’é‘“ﬁ‘é‘a ucl%lrl 840 oo

f ¥né Blghired2Q, refri@ migiRGH @il SNE&RFMmbcr of
re&ag.f Ft?ak.%l@d @mf&g'&irégf re?ﬁed anrg the |i kgfy Mor eover,

melineryussile B24bioves rafieshed, prdethetideni Niomeoweriam fiscussed aP‘?Vﬁe this
adv

oML LAREEH 4y Sty Ml e e of i

suth sl Eﬁ&xmﬂgﬂurwendagfsecommemuteo,rhom,ncglw, WePIGO@-‘ﬂ?ngen one

enbodi t he t time di sc sed '
con Qﬁnﬁon i p9f lf‘ G’E f REPERYsY cﬁh‘%\égd Bove in
c&dne@mh Rath HifiRe %aeaﬁaﬁg 02RO nagifmietiche thbieﬁw pmmorfm caswait

stem resour ces becone avaj|able taq ref res&w
s foenea, |syaﬁ@artﬁswr%eé ltq becgmugy availgble iy refiegl e individual memory cell

326 : '.‘I’:IQ' h{caéva%sé plugﬂregé& £ Flgue’s, gﬂ Qhé%t'ﬁ@rr hdd@Nthe h@num wait time

corresponds to the maxi numtine
cdsrmpomhm the ouaérsion HRPChat de pvadessob@TGean Weit befpreds forces system

St em resource (="
“ﬁ%/ r‘%@ﬁ%‘P% |aﬂ’ﬁﬁp}§ 3(% ?gi%‘c el \ﬁ% ?&L&th Iﬁcg{ohe) FévuSaériroalfl1 the
n%ﬂiﬂrﬁirrabfﬁw Beinhhamslkckalf menoryteing beftoaigedr Ghne She.enibhdigient, the

i n_one enmpodi nent
maximum walgame is a period oih a%out one day. In another embodiment, the maximum wait

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

period of about one month to two months.
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maxi mumwait tinme is a period of about one day. In

anot her enbodi nent, the maxinmumwait tine is a period
w@booalozitsd one week. I n yet another enbodi ment, P€TES2003/027056

maximumwait time is a period of about one nonth to

two nonths. 14 WO 2004/ 021359 PCT/ US2003/ 027056

[0058] If the maxi mumwait tinme has not yet been

rea to

GosdORRL A ARBRETS AT BEnd Jo el rent, Ui Ress s
stq:oiﬂnOt whermﬂtsembﬁyabme;ﬂhe pmscsaordé@ cordinbeside xpnisor whether system

s P Revie IS e p s el P e Bschp the

predetdrRicd aSMeEFaibame, 1ﬂ@ktcﬁ&6@ﬁﬁeﬁhb&b hélﬂieeomd hailabld) then the
process proceeds to_a step 514, where the processor
B Propeelo G610 31 WG AP ES01 7 DG e Syl sscutees (o be

reﬁﬁc%: .éﬂ%f&ﬁé&l R¥eRLNleh BROLESRERary P6lcdsbRbontcd®ailable to refresh
essary ources becone available to refresh the
thmnmlow a;a |3120 3D@. profies trnacoms to serP O Srhiprabe tr@mgtyecﬁﬂ 3at the
Cli}‘lgfl{ es B%Sds {'Eg‘ r¥ aﬁg {he %%QSS @thg'l{?% as%légchgég a @9&” ess is

‘he” pr BCege“con hues, escri bed
abovieos9f 005%s pkbdess ppatamsil, rdeﬁx@dt@ 308t thle prabessbmzf Ostetgpmines

508, th 270 d hat
b BORO e PBRTICS OMRAGT COmcoRis SR B PR Rees
the \Méw gm tol W RepP18CHBSRe th ARoBf ARARSHSHh@r B rése® Ain2lhal step 518,

e nmenory address counter is reset. In a fina
ﬂ@mapﬁﬁtah the process ends. [0060] In one enbodi nent,

Lhe BOe S Juioh %ﬁ&agﬁcaltp&f ' fiffsthudeSin TEREES & ?sdre%ﬁt&ihﬁr the

proc PEeri o
pfdiemr)zm eéricalBhlly pkarthis mmhodnserp,dhé oewey refyg;;hmp@tam ip yerformed

r at,he a const ongoi rogce
PR AL A PRiTE SRR RE e, gl aS (BSert@® sbove in
chnOARE SAM EiflreCAN Tad yRRERGEDIISIH ﬁﬂiﬂtagﬁﬂdlypeaﬂ]f axdnpetfioing this
process at regular tinme interyals or, at jrreqgular

PrORERS 3t ntenleratime WispisdPhgt Upela hféme AR rPé,m%f“P"n the
y f drbin th

HEFRFRIRILEE S BRI PR G SDERT el

nmnmqa&ﬁegnhllustrated in Figures 3, 4 and 5 are nerely

e a or t t.h '

<y e e IR £gebs L TRLIRILER, B o
al;gkhﬂ1}nsltﬁlattdaﬁ barﬁnpmﬂehtewmdehasmamdryt tefresht nstgetienselfdl aillose of
al.gorithms can be e

oRGARGY PRI e i AR T S XY s, oq b easly
nﬁ)fdlﬂuﬁ S)y Qﬁﬁﬁg %moﬂh% @r &ﬁfn@ ,cektdiR SRpN T Mefdi i amylighk of ihc ipPesent

unders ow to devel op a w de vari.e %/
d[sblomm,tt]msm of ordinary|skilrin e will gnderstand how to develop a wide Variety of

alternative algorithms.
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WD 2004/ 021359 PCT/ US2003/ 027056 | CLAIM 1. A nethod

of refreshing a cell in a nenory device, conprising;
waledenm3nd ng whet her said Cell is in a wittenPGL/HS®0§027056

in an erased state; and if said cell is in said

witten state, refreshing said cell by issuing a

refresh wite instruction to said cell.. 2. The

t{igl of Caim1l, further conprising, if said cell is
Sal d erased state, refreshing said cell by issuing

a reflr eshAerciimd of re§bshingtai colt int aomgairg devidel conrisibgmet hod
of preserying. dat tored i.n.a volatile nenor evyi ce
hav g a SeanSs oottt i 2 gl R oD Fbstig fud
sai d pl urig@lshifi el fis BdaldSwrithal S4t6)rBfrRBinpREH ReN b Aésding @l defresh
needs to be . refreshed; and if said cell needs to be
r ef r &&frdastroc@y ta sy Al sai d cell 4. A nethod of
preser vi ngydalif, SIS 1, eef&h@mihg i B igﬁ\éh Srased state,
having a plurality of cells,” conprising: refreshing
rofigshing baid edllittyyissuing @ et fresh cragednsimétion igsatdorella
predet er mj riod of ti [ astin | east . .
ohocs! oh MR B8eRlng P bBR 4 ASebBl; Ay poin o
rletlitabf deyis,@bmedihgs i s refreshed during said
predeterm ned period of tipe. 5 The nmethed of C aim
4, wher ei 1fr sadh Pt Spid pbaditn Phesdls. distepraiging rhefligpsaid, eglisnaeds to be
at  hgagledapqut one second. 6. . The nethod of daim
4, wherein said predetermned period of tinme |asts for
at | eastif stiderll needs tobetefreshed, refreshivgyidotellpr eser vi ng

dat a st OrﬂFétHocﬁof"@Jeé%Hix}ggdﬂf E‘B{e){.iﬂ.%v%fia%lé“gbé{n xgr fevice having a
plurality of menory cell%, conprising: addressing a
flomiy ofieeftgropmpedihg: waiting for a first period of tine

since said.fitst | ry cell was addressed,;

det er ni ni??&e%sﬁlgﬁ’ﬁgﬂhoﬁeb%?‘n nmory cell needs to be

ref r eshedvwaitihg 6 8 phddeimiBRNPeriod Gl fimd eRES F Releast about 64
- refreshed, determ ning whet her Sﬁét em resources are, .

‘avai [EbEeopds, vaweres Hous of spifr Riraliyne yellsels) refreshgd during said

predetermingd period of time.

5. The method of Claim 4, wherein said predetermined period of time lasts for at

t

least about one second.

6. . The method of Claim 4, wherein gaid predetertuined period of time lasts for at
least about one weelk.,
7. A method of preserving data stored in a volatile memory device having a

plurality of memory cells, comprising:
addressing a first memory cell;
waiting for a first period of time since safd first memory cell was addressed;
cietermim'ng whether said first memory cell needs to be refreshed,
if said first memory cell needs to be refreshed, determining whether system

resources are available to refresh said first memory cell;

.16-
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16 WO 2004/ 021359 PCT/ US2003/ 027056 if said first
nmenory cell needs to be refreshed and if said system

WO e®a02136% are not avail abl e, nonitoring whet heeT/B8820d3/027056
system resources becone available to refresh said
first menory cell within a second period of tinme since
said. first nmenory cell was addressed; if said first

nemory cekkidgRtSchey B8 £l B3 %ﬁeﬁﬁd ahé if3all Gy 85 keBiftirces are
resources do not becone available within said second

per i 8¢t aypilablepmonitosing whgtherseid sywers tsewsestiscqsec available to refresh
reli [

o PO RN GnoR Al IR s38hd horbl BEMKE BRedhElHHI memory il was
firswuddnmemiyy cell needs to be ref reshed refreshing

said firs cel |,. usi,ng.sai vaiI | e system
resour ces%sag%gog‘éﬁﬁl%ﬁl}]ﬁe s 4’85?% ‘?a@ abs’@@lsp'%e‘g Tesqyyges do
met haet betontd Akailable withe 8l fecoil $hribd 6SEmB,oicig 8% edoiRes to be
is within the range of about one second to about one

we ek tehigquished, sueh lﬁwa@frewﬁﬁxb@ommwléblﬁ te Effigshs said, figt memory

peri ggl.of time is within the range of about one week

to abolt two nonths. 10_ A nethod of avoiding | oss of
data in afeod &st Irremnmmﬂywctb\xb be refeeimdy iefiesigng said first memory
est ablid shi ng.a dlipe b ich,said volatile nmenory
devi geéi %ngaqln%@f’ Pyé‘geﬁ}efa%%h%n ng whet her

I esour ceSaddfessipvidebonl nferiofy detf resh said vol atile

menory Vi ce; resqurces do pot beco avai l abl e
to réfr eaﬁwglaqﬂwd\?spgw PevhrEsiFaid fa\aegiad Oy ipmsvidhin s wpee of

BHAGES EMIANE Fbdut SR wReEi 0d before said deadl i ne,
forC|ng said resources to be rellng i shed, such that

sai d%res oﬂrec@@mé@é&ﬁ@n Svulicreimpaid segondereriedof tisag ig within the range
NUBAL LheCreel BRLY: (96 Hofi®s, and using 'said available

fesources tore res sal'd volatile nmenory device
bef ol@ sandticdafidvioiking lask of detcinrspeiatite mamdre device, compnsing

COD ! i, S EETR R SS9 Ot b

refreshed; -

monitoring whether resources are available to refresh said volatile memory
device; .

if resources do not become available to refresh said volatile memory device
within a first predetermined time period before said deadline, forcing said resources
to be relinquished, such that said resources become available to refresh said volatile
metaory device; and

using said available resources to refresh said volatile memory device before
said deadline.
11. A computer system comprising:

a processor;

a memory device coupled to said processor, wherein said memory device

corgprises a plurality of cells that must be periodically refreshed; and
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conprises a plurality of cells that nust be

periodically refreshed; and 17 WO 2004/ 021359
w3803/ 027056 a software nodul e that, WhRET/US2003/027056

executed by said processor, refreshes said plurality

of cells. 12. The conputer systemof Caim1l, further

conprising an operating system configured to be

executed b 1.0 ' by [ ;

oyat om oA rBEAE WE  her OEEEL P A0l HORLEL leshes s

conppitmahitysyfséllsm of Cl ai m 11, wherein said nenory

devige c rises a ro na onduct or_ random,.
acce@s ngﬁgﬂ?’}lp‘fﬁr. Sy‘?ﬁ’@ ‘%g(ﬁfffﬂ ﬂ"efg SPRRfSIng & pRefefing system
cWATRNRE o 8aekbc@bd BRbdd Plobdsidr] Wicréth sE@ bb&ratingOsRth $68pascs said
programuabl e netal lization cell. 15. The conputer
sefirperpdile-dl ai m 14, wherein said progranmmbl e

met ald | zag ' T '

ur { o, Vi Sy sy GRAE CIARS | BB sTR R Afke Sobfles
roized oehterioddictve taatiom eqeesyinswry.and two el ect r odes

di sppsed .at said top surface erei.n said. el ec

are hacdd hRpitet SRl b 5 ¢ LoRrEhl AR T@ 0 PR8I cons

c6rﬁﬁ}i1ié§ @fmgl‘ﬁiﬁr@'ﬁﬂlﬁ:(ﬁ'lfe’cafi:ﬁzaﬁitfnI kB, wherein said _

el eh o THE SPRIGHIE STHBm 5T e ol b 361 pRgEHEkiA Rotalizaton
conmput er systemof Claim 16, wherein said

il cordResS O y

chal cogeni de-netal ion glass conprises Ag/ Ge3Se7. 18,

A nenory adesll bedyc baying @i g swrfedeurvdicrainy sgfl ¢ell| baglyt prapprises a

nmust - 1.0d] refreshed, wherein said

pl ur %tog&g)q‘a%géé@?ésd%?% ag(ftl)nf igured to be refreshed in

response two elctrades disposetistt paid top e e, vdrran segbelectrodes are spaced

instryction &g&eived fr,oma processor, and wherein

sai d? MSHBEPAHECR OBe MOt configured to generate or

t o regei VeheRomBhtbOsite @A Clafth 15, Wikdin bdiBéhatbobdridesmdtilaon glass
said wite instruction or_fromsaid,erase instruction.

coMyprisph gerpapipmelgrids havingm Grpun Iy megal dygsely e therel®i d menory
devi c I I : 1ii
accell o onPRgr bRl A CRRTAN ek G ook i RRbl fon las
colneries Agllgde,.of said plurality of cells conprises a

pr ogliémkln?emrtr)er)t' %Lx}iéezt%trrlp%g}ng %l I;ll.'uality of cells that must be periodically

refreshed, wherein said plurality of cells are configured to be refreshed in response to a write
instruclion or an erase instruction received from a processor, and wherein said memory
device is not configured to generate or to receive a refresh control signal that differs from
said write instruction or from said erase instruction.

19.  The memory device of Claim 18, wherein said memory device comprises a
programmable conductor random access memory.

20.  The memory device of Claim 18, wherein cach of said plurality of cells
comptises a programmable metallization cell.

21.  The memory deviee of Claim 20, wherein said programmable metallization

cell comprises:

18



21. The nmenory device of C aim 20, wherein said

progranmabl e netallization cell conprises: 18 WO
wWQ2MMIBIB59 PCT/ US2003/ 027056 a cell body haRCTmygSmo3/027056

top surface, wherein said cell body conprises a

chal cogeni de-netal ion.glass; and two el ectrodes

di sposed at said top surface, wherein said el ectrodes

are_Spacede oy AL G JRALIRLE OFHAUE AOLALbody” Sormgies 2

menory device o0 afm 21. , erein sad

chaICh@@gmudbemn@hahglia@nangl ass conpri ses germani um

sel eni de,_hayi 3 ou taI dis h

53 The Yecﬂ‘gcg:g \9 sg%se(P ?.t Gd P rﬁuﬁfice, \Aﬁegtl?lé g%d élg&ré)%ey dre spaced

c halacixgaed a(ﬂ)ertlﬁﬁﬁlainehﬁdﬁ)egl ass conprises Ag/ Ge3Se7. 19

22, The memory device of Claim 21, wherein said chalcogenide-metal ion glass
comprises germanium selenide having a Group IV metal dissolved therein.
23.  The memory device of Claim 22, wherein said chalcogenide-metal ion glass

comprises Ag/Ge,Se,.
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