RECOVERY FOR NON- VOLATI LE MEMORY AFTER PONER LOSS [0001] Non-vol atile
menory devi ces provide a benefit of storing data w thout requiring
any power to safely maintain the stored data. However, reading the
stored data and initially witing the data does require power. In
many non-vol atile nmenory types, data is typically safe during read
operations regardl ess of a power failure. However, if the power is
interrupted or fails during a wite process, not only does the
writing stop, but s V, e BES: ten to
them It may then bgiggrrgﬁldj ?}R%I?&Aq #%@\%@rﬁ}% resR\tly‘:g)lrsged to
determ ne where the witing should begin again. [0002] Mbreover,
checking the values already stored in nenory may not reliably
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value is stored y setting t he resi stance of hase ch ange naterlal

The resi st aito® celés revhsse waftably tawtehwegﬁdp@eandt mﬁy thhe becesi stffpidieafies
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[0003] There are methods of protecting a system from crashing because of unstable data
that remains in 2 flash memory after a power loss. The protection methods will typically
involve scanning the whole memory device or rewriting the entire file over again from
the beginning. However, with unstable memory values, scanning the memory may not
provide an accurate answer. On the other hand, rewriting the data can be time

consuming.



[0006] FIG 2 is a process flow diagram of scanning pages of a nmenory
array to find a first free page in accordance with an enbodi nent;
[0007] FIG 3 is a process flow diagram of scanni ng pages of a nenory
array to find a first free page in accordance with anot her

enbodi ment; [0008] FIG 4 is a process flow di agram of scanni ng
pages through bl ocks of a nmenory array to find a first free block in
accordance with an enbodinent; [0009] FIG 5 is a process flow

di agr am of I of a nmenory array to find a
firar i ec iae RERarBRRER AN EBEIANERE ner Erbodi ment . [0010] FIG 6
is a block diagran1of nDbiIe devi ce capable of 1 nplenenting the

processes of FIGS ough 5 accordj ng an enbodi nent; and [0011]

FIG 7 is a0Wrblke %ﬂl#ﬁ@trfa%ﬁewg%rdﬁb%éke lmﬁ%ﬁom ispaieplr s paptespytand

accor dance dmlkéily%ihnﬁéﬁ)iﬁQhé@%ﬂ&iudnﬁ&?&rﬁ&n éﬁthé"ép’e&f &%oﬁlpﬂﬁe‘v‘nﬁbﬁttﬁﬁ hBQ@\tferf or
sinmplicity and clarity of [ustfation, eleéenents illustrated in the

figures hawvethrigto srewdzation mdyn%b@ipf@pmm weetber|vdth quctSeﬁe@th,@ndt he
di mensi ons ananﬁag&Eth&Foft H%Eés td§r m%%fe%%gqutéé”‘%oﬂgwfng'd@{aliéfae to

ot her el enent or c urt her, re consi dere ropri ate,
reference mhnapamEWMEv&Mbeénheamempadnambmgngm@“mwgures to indicate
correspondi ng or anal ogous el enents.
{0005} FIG. 1 shows a block diagram of a flash memory array with memory cells
organized into pages and block in accordance with an embodiment;
[0006] FIG. 2 is a process flow diagram of scanning pages of a memory array to find a
first free page in accordance with an embodiment;
[0007] FIG. 3 is a process flow diagram of scanning pages of a memory array to find a
first free page in accordance with another embodiment;
[0008] FIG. 4 is a process flow diagram of scanning pages through blocks of a memory
array to find a first free block in accordance with an embodiment;
[0009] FIG. 5 is a process flow diagram of scanning pages through blocks of a memory
array to find a first free block in accordance with another embodiment;
[0010]) FIG. 6 is a block diagram of mobile device capable of implementing the processes
of FIGS. 2 through 5 according to an embodiment; and
[0011] FIG. 7 is a block diagram of a power loss recovery system in accordance with an
embodiment.
[0012] Tt will be appreciated that for simplicity and clarity of illustration, elements
illustrated in the figures have not necessarily been drawn to scale. For example, the
dimensions of some of the elements may be exaggerated relative to other elements for
clarity. Further, where considered appropriate, reference numerals have been repeated

among the figures to indicate corresponding or analogous elements.



DETAI LED DESCRI PTI ON [ 0013] Enbodi nents of the present invention may
provi de conpl ete coverage for data integrity when a power |oss event
occurs during a flash or any other non-volatile nenory hardware
progranmm ng operation. Accordingly, unstable, corrupted, or partially
programmed data fragnents can safely be distinguished from good data
fragnents. This allows a power |oss recovery to be perfornmed in an
optim zed manner. This enables partial rewiting of the nenory to be
directed to a particular area of a nmenory device, resulting in fewer
wite cycles to obtain a full DOWSILEDBESCBHOVENy. This provi des
better nenory life cycles by reducing the nunber of wites. It also
hel ps avoid hardware errors especially for NAND type flash nenory
devi ces. Enfadinenbaliméntd dfehdsresaribvintivienty sovidayordetapplet@e fdrda@a

wi de range of different non-volatile pepories inclu not or)

f1ash, NANDU(GROEY Wbl ROMESIRsSAYaNtIeqrs furing 3 flagh %r&nbetﬂafﬁw@&ﬂfednﬁnw de
range of di hf@raRbrddRimMhig b Yk r enment
systens. | 00f4] Al(izjléor di n[ggt %érgln g%bg%}?lﬂgg%ngﬁg@ aeérr?%\gae%'f Pmm@g
sequenti al Bidemnjed da@é@gmemtsmsafehdnedﬂeﬁtnagloweé fipmraobi duk fibgménss. {Thist he
menory devi I free
space i s a i {hobi BrRGenitd Be birk el Ao et BEGRE oIkt fivy
systeminit pa’tlalzabmtmg of a'mdnefmdry tn/\ber‘cgreaad mmqmn&ol‘aedesbﬁﬂ ey dé\h&

wor st - case corr.uption to.the un itt area, of the

et T R AR SR SN SRS M (RN A
are wittenppedHant taldsiby réducing tRMuMBECT SR RLY lttaq)so'HEMﬁ'aifcﬁ'@Baﬁd@i}e BRbisT e
menmory bl ock or an entire nmepory array when there is a power |oss or

i nterrupti oﬁspeqslﬁlbt@aHAl\Wypﬁﬂ@h Iegnony fywa%t%rlbﬁdnnwgs ifireciesseigesentieny
have 'nCU”ﬁ%g é;id-ﬂ:%alooa’\wdte Pa%ggomfféﬂem'oﬁ!mﬁ ﬁr&%@s i*aau&ngN}’o‘ggq{&t of

the repair ta corruption occurs ower
while witing fhs}dalﬁd\lﬁ fragam&)ﬂashcnnti IﬁéMTﬂtrmnyalsdev ap;ﬂxed o usele rafige sf
corruption o @ eyice exi s k@gﬁin an unknown

state. The il ere&mﬂe@f’% eﬁﬁ)ﬁll\nmﬂgn‘gmglg?l}yesg?tor\)ﬁzfnﬁ%emeg drrect val ue

or an inval ijgh1¢phterdifedo ah%ml'd&ﬁhmaﬂiﬂcﬁtlﬁﬁmlmﬂ‘ &, b sddjuéntial rﬁl@&iﬁ]us&rpfor
recover conpletely from (% either, the entire nmenory
be rew itterTpe fHeppa Rl é)a%%?é SABGMERY guEe riithis wadetlﬁgfgitév?é*aalre

each menory Gl by ﬁz@t il sﬁic'é@syah&l{# BRI Whdh AR ¢ Abw A1V AL 8lyidee D
systens including flash as di scussed above, a disrupti n in

syst em powesYstmt inﬁgf@atq@ndgd &oHopnganawexpgpied shutdgwncts worsheRseicoruplipie] y
| eave some gRIMCY GG, e% ‘fghe%‘e‘%?%{"gﬁsﬁiﬁ%&secms%ﬁﬁ SR %x%ﬁleq%slpr%er%&g ‘o

or one or somewhere in rdach o'recover
si nply read phges irf bredioclack vastsn requie it ly) if isinbt neeaasy bﬁnkalﬂstetahentee ased

value, then it is in the erased state. ver, bec use t he val ue of
each cel | i MPH%FY ‘38{1‘ HSGRFe BIETOFsarTay whgn \é\ﬁbﬁ ‘B@P%"(’%T ‘ES OpHI Bt

successful  pi@E8FThBLig1tlyRleRfhRThgGAichi daghen5Masd eired chRugtRR/R&ENt a
binary val u%articular pages can be the focus of the repair.
[0615] Data corruption occurs when the power is lost while writing a data fragment to the
memory device in use. This corruption results in bits within the device existing in an
unknown state. The unknown state may be a correct value, an incorrect value or an
invalid value that is unstable or unreliable.
[0016] To recover completely from a power loss, either the entire memory must be
rewritten or there must be some way of determining the state of each memory cell in an
array. In many types of non-volatile memory systems including flash and PCM, as

discussed above, a disruption in system power during a program or erase operation can



[ 0018] Another approach is to first mark an area of menory as invalid
(or dirty), before witing values to this area. However, because sone
flash devices only permt a limted nunber of progranmm ng operations
to a page before it nust be erased, witing a "dirty" marker

i ncreases the nunber of wites that nust be perfornmed for each piece
of data witten. This slows down the wite speed of the witing
software because it increases the frequency wth which the page nust
be erased and then the sane values rewitten. [0019] Another approach
is to attengd Wil lisdy éaye someareminee! hieudnown sae nbreye datesayaideeeiorpruse
at all timeg, [ n%\,gsrggrlg%gtt;;mgneduces run-time wite speed. In another
approach, specific witing sequences are used to mininze the

probabi | i t y[0617}fGrelagpreadhac vechiangis i 68P0]reddthafishhed aappe daciit reder y
page is rea rder to, confirm.its valjdity. This not only ta

Pr s but ok B Sy Men B i g st shie tibh et heniaetbag
accurately QuRcdli g RAPMENSSEHILBLChYaRRRLRRY oftl MRer shRELAN p%grammmg
contrast, in enbodiments of 'the present invention, by assumng the

wor st case, ORRSIng\cat ﬁéaaorﬁrdewamrgremtrblaa'yéal@h data bit is

el i m nated [

used. In an@ﬁﬁﬂé A%%gg&%a?rg%g?ﬁgsﬁbgﬁg a)éfﬁltregllsarl?ﬁ mveKotr(aﬁi :Ogg’&eﬁe

t hat every ﬂatt% wlea td thispota. mmvardaeme wmieefbsh dehmeeomls pamumldmmu on
ot herw se. 84’ ai_ ned | negl

oo og | Ay LB LB ET Dtautiia B TR s b S R e

operation. Markehigca8Ethe hiRbe W6 Weiles AT M0t B Ppereoringd fw%adﬁ(pﬁﬂaé efdaged.
[0022] An exanple_of a flash nenory system|s shown in FIG |. The
syst em has HUEEht e Sows dopp f%ﬁr\&ll‘ff&ﬁpw Pé&beﬂ@mg THBYaEOPRCPYSE fldpergages the

coupl ed hasgaqiehddRil WMEPHE p Js@@e d185cl BEPhMPhE nfe JaieS FReh.N the
array and the send data read Tfromthe array. The controller is also
coupled to Hiﬂirﬂn@mheb@@rwhdﬁ}gﬁttmtémsaifqu wanktwhal areasrod 2 memeniadriy arehe
array. It a ¢ array
t hrough t hehﬁg%ﬁ {;/&' %ta?ﬁ%%‘]t Jg%ﬁgg %?%{g%’\%ﬁ?f%&dﬁ\% %e%lagﬁ} 0]t‘%l)(n]é)ne or
nor e bl ocksspetific &mnﬁngaaqluertn;bmk ugedid eimsize e mbahirﬁtyeofrfagmcsoctm;ng The

pages conta i Vi to store n
har e The Rt ke 3eaEdy o Bedanp et Rl & whIS: JX Ry
writing andoil a%bd fifesttieismenamplEa) baFe bebRASs en anstbs@Maly Reaklabzuratelas a
row controller 125 and a columm controller 127. The nunber of
conponent s P HRgaddpacraatelranatientia- wi | | depend upon t he

np¢ 3% p p
confi gurat i giapf By BfigsyshemANMeld St hebERALH ARBh! AL, e REAPcIRY
have cells store 512°t byt e data. “However
and 64-bit Hetowerhendyol hintieg atadeethydatrebivis elimmnigd aivkit eanie assfured tfpvag@iy may
be smal | er 0 S,
al t hough rmrgtrgb%%re?’%v%r&gr%}; ug‘%d %ar{o@ysﬁr BV%E’ eIqimac %geptrsg)ﬁthng’geséﬁve %gr
bl ocks, dependmngraoevetyhﬁataaqmgﬂ ib n@ttsaﬁamo usSantesstherayssanhadiestian srihetgdm lAIsock

in order to sinpljf nstru |on A larger array,m ve many
ot 6 bi ocke SPHIEE i 1 G0 147t Bp iRt PGy e i EEts AEN BN EE " anc
the inventi s e\&nmtrmgvamdgmh biersayp@aidnl Qultrsamt aslk sesteaeperfodQadt isl n
typical flash operations, an entire block is flashed at one tine.

Thi s er ases"@feMPEAMI¥E: stored on the bl ock and sets all bits to the

sanme val ue, [G(DZQLﬁﬁlaia\ﬁ'lpZ@tﬁﬁ fldsoweMmery sytba if Jnashadricel | $hd@¥te§i&1asa
interpreted as having the val ue gne instead. Each cell is t

progranmed &¥RdEddd awii phargYdrlé: bhe eonfrelga ds qoupled hasion 'Wﬁ?%ﬂ;& Y3to

state. The Wdkivk Bfla B QGEHShE M8 sl $heQbnddL0EATIdMA theldh@y f TRSDBHIGLIS S-
After each cell is programed, it can only be rewitten after being

flashed agailo c®iptrddo B iegosy lais dlyoughevhigholt @)HBPB@Rd mgipiginsdpe arayc kelspay
be preferre r V, anges in
the stored atéz}da ar ger ﬁa’ g'thﬁ%adr%%jétjag%&ﬁgge ftyi C etﬁ% ﬁj?@l)}yrr@ﬁorl es



[0025] Data is typically witten one page at a tine. In a typical
exanple, data is witten all to the sane page in a single wite
cycle. Wien the wite cycle is conpleted, a conmt marker is place
for that page and the page cannot be witten to again. |If the power
is interrupted during the wite cycle, then the values in nenory can
be unstable. In another nmenory configuration, two or nore wite

cycl es can be directed to a single page before the conmt maker is

witten. or th exanp| e of age

consi dered @ﬁ@lg{@gmr%fﬂdﬁgﬁme? t‘f9 A TRr %{f’%{“éﬂgﬁ%’rﬁ“’i Plat aﬁf%@ne
witten to §hiRoreB¥des €21, STHEpagdslchntaih Melitidlad shodaleRs a0 BRIthSIAL 1S
considered to be the remainder of the block. In this exanple, a data

fragment maysitéctchaiess Shablptkadte wewiTdbe Becessrh aireuitp s regflingpyiiing a8én be
or gani zed | Mo AR oBl:0Ghse R nBIA AL I Yel dow diFoRPREPARNACS
descri bed here an be alapted to other types of nenory structures.
[0027] |f acdew: cetroBerild7 oy mtitenoftempogents ipaverarticutaesystept widirdepintd
may be WWItIn sh ry.cell array. After.the
poner i nt er PSR AEFRRAR s S ot RomeRRT RS on, RPN o
each header toQior@&moQKQEblcﬂﬁeshﬁ ds@ aRBRever,a 6f 31 andgy- Eit’r‘p)tt% 8ge header.
Thi s page can be conS|dgred as, the first un-wjtten e or flashed
but not profFeEfHEHY pabied aphdiesize php rageimay P%W’Wé%?@gefar g/ Qlockiggh
page has extda 18€d2 §4 bf i@ﬁg@s Elﬁ%@gﬁﬁ@&%r ®wep &%ra%o%ﬁﬁ)lé)rfaaéﬂ?%?@ ma
These cells are built into thé array to be used in case other cel Is
in the pageh#vaﬁloréﬁalon@ydw@%nm@ ﬁbgémpffﬁﬁronh%@ékfé@‘;ﬁlhh‘g: agfinghetiedkdrent
pur poses e 1 one
el o cachigAga P RE BfuBhRROR il iy rsh B8, 3pRG Sort PRAR THE,

The header n@nMsemnv@mMmrﬁemapunnhdnswmmmésamh@nuwhampagmthwaaheeny
successfulIﬁlﬁullﬁﬁp%ogranned or witten to. The commt marker can be
used to indP¥ f%?r &t R&F a progranmm ng operation has been

successf ul | yooeqnaltgiied flash dp@nfatxon'Ehﬁl anbifekddckiistlashdd 4t efe whé.€Thiderases any
programi ng operation

et ed successful | For, Iash
after the c&Hpss sigred Qf“l*k\ W@?J‘n;)"drse‘éﬁ'égké%fo ‘lieﬁémi‘:‘)?%&‘éélﬁ’ ly gP1 FiEEje‘t% t he
cell's is refRrhaldlcala8ayHcaakArRdg haﬂn@@ﬁ@hlh@o&ﬂﬁst@?&am%ﬁl@ﬂﬁéh page
has a header that is witten to when the page is flashed and when the

page is pr ogfoarﬁm@dafmeednwdbﬂomqmallpw%mtr?raﬁklrtthézqmﬁtb‘ér Th¢ wyting d
progranmmed ??&éé%&&r‘sts Jf%g&gghg%rgﬁgqgrﬂagfﬁﬂgélsf Wiler eafcg%al *s@ gy dhfsilﬁz% o

programed registers I's not free and sin
first bIockpnwhenpﬁamesﬁmﬂmmgﬂaﬁmdagmlHbmknhsbmaﬂ4Mmeﬂ@Mo¢agemwAs an
alternative e bIo or for,sone

o her "o beeplogfh Wibeaﬁf?fs@;e VepP Beiistabe Rl Pty xRl ek Hwe O
separ at e t allofed data. Larear HEEE infaly ®akloye dfidien ddretknpeict ihanwidfbetikfe=qpange or

bl ock. changed or for which cost is more important.
[0025] Data is typically written one page at a time. In a typical example, data is written
all to the same page in a single write cycle. When the write cycle is completed, a commit
marker is place for that page and the page cannot be written to again. If the power is
interrupted during the write cycle, then the values in memory can be unstable. In another
memory configuration, two or more write cycles can be directed to a single page before
the commit maker is written.
[0026] For the flash memory example of FIG. 1, a page is considered the smallest
granularity of a data-element that can be written to the device. Similarly, the largest data

fragment size is considered to be the remainder of the block. In this example, a data



[0031] After a power |oss, the nenory is scanned to determ ne which
pages are valid and which pages are not. It is safest to assune that
any one of the blocks may contain power-|loss data when restarting or
nounting the nenory nmanager, such as nenory nanagenent software. Wen
scanning the block, there are four possible power-loss states in

whi ch a block may be found: 1.) The |ast data fragnent found
contains a commt marker. 2,) The last data fragnment found is an

f . ' f s f d.. Thi
can e 1 nai i e gt <ronta PRt REERY“GPeCBba o AR ol " °

commi t mar kpages and blockd o) alfernagiotia) the apprdabiees ldeseribsicheveasin be aguped tesieron
the block and there is neither data nor header. [0032] In cases 1 and
2, the powePPFdELeHOLFHYENES neans that the last wite to this block

(the one thf02BXPeBERGEth (peMmBEn H@FSh poRs: ih@rrhtdnf it ey bEWEENPRG6me
f ound when scannln% the bl ock, In one exanple, the action to take is
2

t o physi cal P3geinibR Tiagh raempqy eelf 3rrays Afler B Poigy dnterauptign riteqating figougs éaghhe

following p Tkt I i i I T
ity o kor ok o e dEiR b R G2 4okl Sl e
val i d and t hederi {Thisipagd chnlbe ciisidsted ds the fiesanadvrittier pdggionBeshedbutmetwr i t t en
w th new da agﬁgﬁng%yg on the type of nenory array. Simlarly, if
the first F Erpagep und is the first page of the block, then the
first FREE pHQ8 loanmblastemdoady asayd) datlypagblbvesxen cellsrallddiatreeases ot her e

is no previous valid data, fra nt. .The pext page becomnmes the first
FREE pago afiira diror sBachn 4pese Ry st i 0ioAPeariayio b hgamsesa paergels

nmarker can bR pwkd fail 8 hily Asd/Bd dsed for Rbustlick i BMthant@dtient pltp&RE Eeanpl e,
the header id or a conbination of different fields in the header are

programmed P&denmas stagshie e euPR®r markers can be used i nstead.
Subsequent fRYHL & At E)Eams;:r?e awg&ge%é dn SREcdREIAPLAe [FAYTRIL nUdk e

invalid header fields as dirty space.
header is used to write a commit marker when the page has been successfully fully

programmed or written to. The commit marker can be used to indicate whether a
programming operation has been successfully completed or not. The marker is written
after a programming operation is completed successfully. For flash memory, after the
cells are flashed, or erased, the process of writing to the cells is referred to as
programming.

[0030] In one example, each page has a header that is written to when the page is flashed
and when the page is programmed. The header will then track the number of valid
programmed registers. If the header reads full, then the page has programmed registers,
the page and is not free and since this is the first block, the process moves on to the first
un-written page. As an alternative, the header may be only for an entire block or for
some other subset of the array. The header can be in the free space, in a separate table, or
in a specifically allocated portion of the page or block.

[0031] After a power loss, the memory is scanned to determine which pages are valid and
which pages are not. It is safest to assume that any one of the blocks may contain power-
loss data when restarting or mounting the memory manager, such as memory
management software. When scanning the block, there are four possible power-loss

states in which a block may be found:



[0034] The dirty marker presents a clear benefit. Wen the nmenory
controller begins witing new data, it |ooks for the next |ocation.
This is the location after the last location that was witten to in
its sequence. This location will be in the first FREE page. If you
page is not marked to show as dirty, then subsequent nmounts wl|
consi der the skipped page to be the first free page. By marking it
dirty, the page is skipped and the next page is used. This all ows

this page to be cl.eare ore it is used again 035] In case 3,
the header is inv ﬁeda 98%@?.%“%%%0&“???{@%?{%86‘8@%%? have a commit
mark. Such a page) Dite ﬁﬂtﬂﬁkﬁ%@ﬁeﬂtfbuhhl%aﬂreﬁ?@fﬁsa%mﬁt being witten to
when the power |o0ss occurred Accordrirlr(h%ly all of the affected data is

unrel i abl e i ncl Ut Ay SPRPIERIBRiREmEH iniertd iy @0 bpindicaigd By an gl as
the size of h40& orabhlish rwadérw&rbmcacfoﬁ@fgrmﬂker In one exanple, it is
assumed that the power-loss could have occurred while witing to any
page of this dat® Afecigmenflasieese wat intpregresaen the blogk apshigere denriber dole
safely detepiihgd, Therefore it is assumed that the data fragment was
of the maxi mum size which is the rest of the block. Accordingly, the
rest of thi @Oﬁlldclcasieslemh%,ithiwoe\akr-rhﬁss asyuraptbbnmwanm;mwllaﬁdVr'astosthlish[ocltt

may not be ces ta ac y e d es. as dirt
addi ti on data be rzgartréx LehreP e 105 WaS tf) Eh bfar Fil%{Efpé’ﬁgﬁ%n?Wo%n Scﬁ'};{'ﬁig's
Lat er nount mewrmk Meammmwarhd a&ndnemd&re is ©@phpdcat AR thiveake (Mndt Free

opul ate the blo t he, sane ever i the ot he and,
PP e Fond Bt & A Aad e The HONWEE Pie b st o R EF g (iBS Ploplt

page of thi ghgiagmRiter a% xﬁ?&guﬁﬁl@fé@haﬂ_ﬂ%‘dﬁtat@% d;fa@é [s@ePANdSnd Bafiover
| oss case |I. The unstable header will be marked as dirty and not

relied uponshauk beiffapleed, Qensed, rackuimesy arewrreniceich neay dita, gopedling omise type
d
recovere ‘r’]"gﬁ@frl}rﬁg aPr fcéﬁ 8y, ‘?ﬁh@rgggl(‘%@g eg%%ﬂm’ﬁ‘?s A& Akt h&%%ﬁ&@ bldpese

exanpl es, e power uring nouht- prevents any
i mpact to t thengeiftre FrB@EfRagmmdve radfrkedras iy, $lpseem isths ¢ase.dipre $0037] I n

case 4, if i’e(/%ﬁé \%h@d a?{ﬁé@; B_I_qﬂg gff%rh ggge b%#)?r%eg h%cfh‘St FIRIE%S%aEp Sd" (}ﬁgl aim

process is res r°"solutions are n
Q her appro&rtrhtesrewasmtdzselrmmedt to nore specifically address this case.

0038] The de d above can. be sho chart FI G
o IR T B e B B R O R iR i Pose T F Bdbol
FIG 2 will tsdandet ir@ugbmeaetioiddéfeadnt eldd @cke P\l&hﬂdﬂ afehﬁogﬂﬁﬂne@lfo all Os.

finding the next FREE page. The free page is the next gqe to be used
for progr amlﬂoﬁ’@"efr fﬁhf‘dtnﬁélre“v\ﬁflél’é usedigstead o gubsegyEnt oun T logiaydl sethat

will be wri ttﬁe%tatf%ghq@nttvb‘itrﬁthpln%:lﬁ heh @0 3us A gi H?%‘pa@é—l the page scan
process is started hi s may occur at an ti e, however, in the

exanpl e abo34] Th@b(bﬁn rarkgr presents asdpaebenpitls WV hﬁ@éhﬁr@er{j@rmcﬁ@“%lewqgtﬂé to
the menor yv\e\‘%rrhllngﬂgw §£t§ Q¢ BSEISh r @IE n&\qun}étléﬁ a’fﬁ[s i eQBcaaBn b OC&R)EAUOHF)

after a po ss event e init i zation se ecst

whi ch to st alrat waslypitenabliyits defjuenberEhid location &vill beain tlmarfestbF%ERpagehéﬁvwhe
bl ocks wi || i i i i .ndi L .
Fromo to 4P EhaTEEA0RATE HAL i Lt bl b ERhR s,
filled. The phgatste bied‘ﬂk fiak bhget Byimcakihy itdetyt the page iy skippad knd the hire pager ay

g{ OE:Ee fir St Eslegcﬁls al ws t%s page t(l)_gweleared bellgore Rf l?s%?e?gaﬁ]ay start at any

[0035] In case 3, the header is invalid, or the data fragment does not have a commit
mark. Such a page or block was in the progress of being written to when the power loss
occurred. Accordingly all of the affected data is unreliable including any information
written to the header, such as the size of the valid or invalid fragment. In one example, it

is assumed that the power-loss could have occurred while writing to any page of this data



10040] At box 213, the first page in the sequence is selected. As
menti oned above, the nmenory controller typically has a sequence that
it uses to wite to pages in the array. The particul ar sequence
depends upon the particul ar design of the menory array. The nunber O
typically corresponds to a | ogical ordering, rather than a physical
or positional ordering. At box 215 the page-by-page scanning starts.
[0041] If the page does not contain any data, then at box 217, the
page i s mar i ge f ound
in the manal?%%n 35%/“? t%att?{hse Ecglgéit%g’rc %n% S%ﬂfy Jeken% negglg%\{%fgsctrlf bed in
FIG 2, andastmnedftbdtltwat@rqgaget mccxﬁtmsnathrﬁ suzstvhﬂ’ch e&hqoagt@f thﬁtbtdnbx
219, it is deter. er .t | ast

not. then” ahiGUnEB I EHeT Husdioqkis e el s e dnd Per TRl et i
box 223, thgotpe acRssryaddaual Ptk eheatBaEd aihsidiret, Fa8diHag gatxVridindie
data is the |ast then at box 225, there is no free a e and the

process end¥e¢apt %H%Q{ngwr'[tw@zlroswagas Dl MOYNspkat e Ha;v@é% ‘?98?(5 & 19

data, then thenPrAAESAI fpularcetksk hbsaneddaledy@med commi t narker at
box 227. In this exanple, after a page is successfully and conpl etely

witten, th#§3d leﬁhnpthe#mnﬂéf thedieager s tuafiatile then pHetulsarebat mighsreggthe
al ternativeg miﬁh%%%fﬂhﬁ f?ag Qs %%r g&r ?gls%he]c'l%rré%[}or‘%m(%’\%o%veﬂog§&se fhis

saves tinme ting o eac page and because®a 0SS
rare event, Thhwesebichieader wilybeangrkédysaloty and nsysh@imppecbmhtyr categthe ts;lmee e

43 th t f th
Bon PO B oL 08 Tn Al 0SS i DR RN Ao TR s e P R e
dirty page, thefe dxi@ples, ihsndling el thepager-lags dages dddiQ mbdne pregéntany idpdct tol t

is marked aﬁﬁfree. f00441 h% }t1here is a conmmt marker for the page
with data, tHeYsPeriosmYKs aHEd" G WEF™ KIS YP's a good page and the scan

continues t @oBMennessts, ﬂﬁg@alai}nmdﬂueprogressﬁﬂn thoXock? fhen tife rédiBmGiiddend
page is not the |ast page, then at box 231, the scan conti nues to the

next page. FMpbHesarted. (e other sfutiohearanqt gaeded nAHer 2proaghes s#it begisgrbtow | |
be the fi rs;nop@%@mﬁ&@ggd@gsstmsgggg first block (block 0). As with the
ar

bl ocks, the I cal ordered and all wites will be to one page
until that M@&] The lﬂtﬁbkiesct'rh@i alpve dande gliawin using flowopherts. &lPhdispertanpige

in the Sequ%{a g % tg&%%am% ]%ag ?gannlgé Tfé cfggegg J}?é(yj 2 \gtl'{‘lgcgrgth'éorﬁlgﬁ %R\'ﬁ@ée of

| oss recover Yy process ges-are ana sane -or
a block with the goal of ﬁndmg the next FREE page. The free page is the next page to be

used for programming. In other words, the free page is the next page that will be written
to in this block.

[0039] Atbox 211, the page scan process is started. This may occur at any time,
however, in the example above, it occurs after a power loss occurs during a write to the
memory. It can also occur at every start-up or at every start-up after a power loss event.
The initialization selects the block at which to start. Typically, if there is more than one
block, then the blocks will be ordered in some way with numerical indicators, e.g. from 0
to 4. The ordering corresponds to the order in which they are filled. The first block will
typically be the only block in the array or the first block, labeled 0. However the process
may start at any block.

[0040] At box 213, the first page in the sequence is selected. As mentioned above, the
memory controller typically has a sequence that it uses to write to pages in the array. The

particular sequence depends upon the particular design of the memory array. The



[0045] If the current page is the |ast page at box 229, then the
there is no free page at box 225 and the process ends at box 223.

[ 0046] As shown by the return loops in FIG 2, the process of FIG 2
may iterate through each valid block of the nenory array, one page at
a tinme. The process will scan each page until it finds the first
un-written page. This is indicated in one enbodi nrent by the page
header bei ng enpty. [0047] FIG 3 shows a variation on the operations
descri bed abo e. 3 1is sane.as FIG 2 exce change.in
e’ connect TUIFEHADREM k@ Reai b & TR oWkt is FYRATRS h Phies By Poe IR

when a pageorg@higaiansoizitsah@pagbdy-pdddscalditie s@RS not contain a conm t
mark at box 327, then instead of mar i t he e dirty at box 317,
the processlA&HEthe pageopot sutaing gﬁ? F@%’Xﬁgbé%e PAgE ISRKSIGE $irtdt he

process w |Not§%ﬂ oh rtmﬁﬁﬁlﬂp%@%nﬁfm @emaﬁgéédemenglgmﬁ@aey@m hakes
315, 327, 329 and When the next free page is found, the free
page i s t heanpesaeh @ﬁq@eﬂmﬂéi dsad thedpllpriogp onges thedirgifise eage. & bpy
branches of - . i i e
roe page. 1% BiRjchpinbFhAhg tbae PAIRARE Kiok AT ILERIA, IEC
and the fil sexsyat ésmarkat aswrfieb @sgetdnd acmm?28, thaprkeesd ends hDs tkemlrephmd if

wany pagos, MR PibGha St b S b RGe RSTR IS o

pages can bgrotigeehds hrbokze3exanpl e of FIG 2, the group connlt mar ker

can be anal t box 215. wever n FIG. 3, the process is

CoT her et 1RE 1B perermie SimidRes ceBtain st e s st e Dl RS R ety Y
dat a fragmegtohafl ag@HR tRRRID RANYERMPRI aftlits pRe: .@gmsef"unﬁamompetely
found. This algorithmstill follows the principle of assum ng the

wor st case PaHE. E6R AgpRMEmarksyds ‘ﬁ"d)t\W”t'l"Féthﬁh‘??%%@?”aﬂ'ﬁf“&?‘?&by‘eﬁﬁr'sa
program r egt&ﬁnh ﬂeg‘?ﬁ? fdr R Q?itlre BREE Tiits &0& difShhfwrRingtO&dtn ?gge%@er

group of pag an alternative, the process can attenpt to
find two co @e@ﬁatalpveeqdasjesa tarag vetlothastis r@mlu aiyrimgaet an sysiven repavary when

i nval i date §£m9£§ This change will still find the | ast page
that coul d ave en witten to, and invalidate it. In all of these
vari ations, [00ﬁ3]t]}ﬁe1ee: ib 8O a:rmrerlrpta;kepﬁ:genefpagd then g regmiviagdiechadkad as divy an

boen cor ruptii 26y A e Spalof i eeesr S ol B Bbse B Be0A %51 0

and 221 whi ¢, nEs katkb@ds faRge as dirty and the next page as free.

[ 0050] An unstable cell as pentioned above, read ng fron1t€
| ocati on mayddtk ifteras ¢ sopmggraskanier thy rage Bith defprebamibs afHfRe ﬁ‘fﬂtptg'ts Isja

(correspondi :55‘{91 ﬂa@e ghdtREQAN Eonthhashed néfteege.bnﬁ FRE. 2880bY 229, liithé Ofrent
operation of flash nenory, a cell is reliable onIy i f successfully

flashed or 9egedensfhsllhsy pimeoemehhed 231, thegartrontires fobsrexppasee i ishas
et BTl okl e i ek
(block 0). As with the blocks, they are typically ordered and all writes will be to one
page until that page is full. The writing will then move to the next page in the sequence
(page 1, block 0). Accordingly, during this power loss recovery process, the pages are
analyzed in the same order.
[0045] If the current page is the last page at box 229, then the there is no free page at box
225 and the process ends at box 223.
[0046] As shown by the return loops in FIG. 2, the process of FIG. 2 may iterate through

each valid block of the memory array, one page at a time. The process will scan each



t he whol e page containing the cell. Accordingly, the page with the
enpty header will be flashed and rewitten. The subsequent page is
al so flashed to becone the next free page. [0051] If the previous
page does not contain valid and confirned data (non power | oss
fragment), then it is assuned that fromthe previous valid data
fragnent in this block (or the start of the block if no valid
fragment is found) on-ward, the largest size of data fragment is

i nval i dat ed, 2 ce |l ost by invalidating at | e page
For the f v Gieeppaal i dhe iy o oo THis i eriping ey oS

i nsignificapdge haﬁeiﬁmnﬁg epdgli tion only exists follow ng an unexpect ed
shut down. ace i.,S. regai ned when, t val i d _pages are
reset to a%gmlgt if@ E&rvaLRipn o ?Irhea{)PF‘@E?r&ldﬁﬁ"SE ‘Jgag’Pb%gFéGcél'sltE%%aWﬁs
procedure. Fht. 3 cképdfoph clnPE RS He BAAERDE BERednNBE & nirfit RArKCRIH RGN 10
any page prior to a wite in the page. [0053] FIG 4 presents a nore

basi ¢ versi b B ﬂ“ﬁ@%@§é’ﬁ£°?%%ﬁﬁ?@ﬁ* bax 16 Hait doea Apl @nisin ao@miy, t he
process staph AbobRY hidinstild HWarfilBtheHBg didtf Stool d d
and t he scanni ng %tarfs%grs each 653%1 ek ke 6XY§‘1§ 598 k’hépg" egser?{gkﬂﬁg
bl ock i s schiepes. ha)ﬁm;; hokreeddages. mccmdengd:)uthemceblvotllscmnshmh@w daah;pagbbf)a:k,
then the pr S f r,ent bl g i S _noi

| ast bl ock, Bfekwc rougﬁg Xes?&igﬁ 8§essd %gles B tk{eh”émrklféxtpa%el '8c%n§nd
repeats. Th ehe[fizg Pagdathe PEQPREEIO Gaﬂsebéortphﬁgrmmmgﬁﬁe procdst 6881 branohes o3f Or
any of the ot he%&Fr oce ses and vari tg%gcrl bed herein. [0054]

FIG 5 showd® By bt HEFOyEPpes TS Dot tt &P38F FIG 4. As in FIG
4, the procemasshadGss, aterdieX chahke Atk inﬁlhdﬂr@dehszeﬁaﬂ thecxilk bRt thedwidieghsal
bl ock at box 513. The pages of that block are scanned at box 515. The
process it efHTEE Maff da&ns BaRpEy oyt {38t s pot kepidoagl RagesUE Fa largest

bl ock, the boxis Bl Serk bar R 1K 0P M iRG erd QF

last bl ock atgdgox 517, tpgéeersl (Pmé p?agecésas goes t(g) thné r%ex'tért‘)“?odgk g%g@%
521 and repéat be uses. dokhesﬁ:mnplepébgsp thio gy eomim it marker eavhephdyast aFhog,

5, the pages,of

Found at - boy' 245N e B G s MheyRCRF R ke ol L nife T B30 Fack sy
at box 515. lﬂVhlldefle}@tq)ﬁm‘lﬂnShacddlﬁBlﬂh beitpemogileningd o nbosmmR 3nagker &ct s
the process to.b CESS cles on the
next bl ock &% En EE'“ O‘E‘tﬁg‘ %‘”?Slé e ﬂ?ﬁ %cnﬁ‘pllesdfta?fgmlnp 2 B “Rishever,

i f the page cee@iionh.nButfriondse aidimea gpaghkritytdiaproect sion Irtmeaséz&nehﬂ@e

t he process a&‘ box 5 Z Thi can greatly reduce the tine required to
mount the dff P&reshef & °°ﬂ‘|°ﬁ8 HEOWLHPARSed page. [ 0056] This

al ternative [§Ra9KaAs 85 ARG Y, YnePRbdesdaR BredhR €Bn v cBh 8BS y&@@itﬂaﬂdd he
sane sequence or order. |If there is only one page bejng used

tinme, then tREconfainsdata; a@éhm@éalidﬁteéhemra@ne W hlf Cf@égft il sfifl figg ”Pr[@épftﬁﬁge
for the mo'tl@dt H«?ﬂ@ﬁ%e@%eﬂ%t I% %n@ﬁ'ﬁgglida§ it hﬁgilBmeéar\‘rlaﬁfat89§$ftmr@|s an

corrupt page. ot er he nmenory controller does not
al ways foll Gwptmgsmwmqgemf@dtdwwgm ettty neageishe art ¢ffa bignkethehah
one page ca

cont | nae t rsngro ] reERedtis bifR 3ARed fIF ol AEdn Wi ReRORIE BB 217

for each bl @ik, and 221 which mark that page as dlrty and the next page as free.
[0030] An unstable cell as mentioned above, reading from the same location may output
0 (a programmed bit) or sometimes may output | (corresponding to a recently flashed
free bit or empty). In the operation of flash memory, a cell is reliable only if successfully
flashed or successfully programmed. 1f either of these processes has been interrupted,

then the cell is unstable or corrupted. The only way to return to a stable state is to flash



[ 0057] As descri bed above, for flash nenory when a nenory cell is
un-witten, then it does not contain confirnmed valid data or
confirnmed invalid data. There are variety of different possible ways
to determine what is or is not valid data. In the above exanple, a
commt marker is used to mark valid data fragnents after they are
witten. However, any other approach can be substituted for the
comm t marker, depending on the particul ar application. A conmt

mar ker as ot her tec es ca | so be used, for other t)

of manory cBF Mo gBRSRe P e T e R R
exanpl e sysfigfedihd révariowhi The ﬁJE'@@;dbrﬂ'@E@eSs 8fo fifxRed tﬂ%@é&ﬂe&ﬁ\e lﬁ@é}’fr&ﬁpage
appl i ed. Inthelllustrated exanpl e, the systemis a

handhel d, cWPPUIlGthe pesvoyhBIeS domwé%lfam valid ﬁn%cqréw%%ﬁtar ﬁnelaf)fr%eﬁ losg he
system nmay {8 SMkn @rsba%%gd'ilﬁ'ﬂggnﬁlﬁe il t%rv%m dﬂ@f‘ﬂl t in tHiS bR¥S fgM
is driven by a central ocessing unit (CP hat may or may not
i ncl ude a chieggeof thvh@cg:ﬁwowahd Erempypis ifeuad) @hwaréetb@ lapgesiG178 of Hate
execut es praglalE;. %éaan operating system and a baseband section
617 that handles te ephony functions. Both sections are coupled to a
menory int eE'OIUaZ:]eTf@JsEaCB theest bx:mmhgiamrw Gﬁsttohc m@lﬁorahdoﬁust frdctthodk ldgring

system s nmenor he ted a t.h st em nenory
has a vol at (& ay%ado HL%%emfléﬂ lsc ‘%ﬁ?‘r@%{%%" %g%tugﬁa'gr?{jaccess
menory ( RAI\/mnefxperctdmsgthd@meedls@ames;&ca@ degame@wmi tht invelidpetd D0rebd % a

whi ch may be inplenented as f for d athat st survive a power
| 0ss. Typi cg'H“iP FRRAM P 2 0 £§g3§m§?€ SR %‘P el Hidkind gt ROSRY

i nstructi onsudrdhddes estis ﬁkeccﬁ‘ﬁl%ﬁéﬁlﬂQnﬂHde%hMrtoert@lnttH@?JgEaSh is used

to store operati ng;ts ystens, sSystem paraneters and applications. The

menory may H088H i’f!?@PSﬂt%fem@fﬁﬁP%Wéﬂrﬁ%’@UOféEe essnhgysatipe nptie examplesf y

i n flash andidhent bagllssert kg T Rk TP AN Aokl eflfffhad PES OF
non-vol atil e mehor suc (phase change nenory or FRM

or SOMe conbianEng Sartobr mhm& t”\yp@s‘ilSTWh@wrlathecbmkcﬁe@wd)eﬂt koxove

in the cont |

menory. I n ?E’}é lfce{\ﬁlee n%ngﬁfb%ock%p ﬂe ?’as Ogcskaﬁlgrlm hggrotcgss ep%rag 55% %@t E%%%/ gyrre 'E |

menory wi | | bloek isast the [a@ﬁﬁdib}( ﬂiheattbasébhml: s@etsi gobs wfthd fest KR and repeats.

coupled to user interface. In the i ted exa , .Lhe user

ot orface nbe B st saEe s s sEHRID T S oR Al B sk Pt

m cr ophone. afy Waibti@ls Mebibat Heedin.i nterfaces may be used such as a touch

screen, Bl uet oot h devi ces,  accel er onet proximty sens% and
B0 1 AT RO Tl

ot her int er 14828kF Gdéﬁ@ﬁ’ﬁflarf@m@fﬁ"?‘}‘?é‘obﬁi‘f ecPEﬂ°5§S

baseband segtdcaq siafis /|39 5S04 iRiElaliZRs BRhd ﬁ@ﬂbgcﬁlbﬁﬁkl BIKoX)S 181 TR pabEdbf
629 to allow the systemto comruni cate with external devices using a

radi o conneétat biack arpecanizdisbbeohide di Bircesajierpies beruelibey S kTP ek ke
data, wirelgps NELIOLK R AL R af 84S 6 A ShedRrBRBAIR nok §RG4l The
CPU may al sgﬁﬁeﬂgoup{t CFCQ th@ﬁ ce(g% a \E}ar ?(ety o&epefrlgrg erca sn 631, such
as camer as, blaskattiosrd 1%,ymneh$prochssgﬂeay)sthe paxit bloe & boBb Uetrdatpsa evbaes
and ot her p%lﬁ—'% pheral s to support any additional functions of the
system 611. ‘G 6 also shows a power managenent system 633 which nmay
include a p¢iess] Hoppley,in guekargde af Bt ﬁeheypagas afegehl bk atdrma:pmdvantila
consunption of the var.i C Thi s devic so tware
driven and éﬁjﬁ]terﬁiﬂa%gf o) ”f'%gt%ggggg é’LﬂeBWOF epa(%s%ra%g[b 1ot fHac ?agrrlledo
both. | n ongéoesanmfeo fréd}ﬁg@&vtblﬁndmaagﬁi‘ﬁmmbos62$da@ecfsltﬁgpra¢esatorbegISS’I er

accessible to the there i s a power ss. [0

bl ock di agr &R%: ﬁwﬁﬁgy%xaﬁ‘ﬁlpéocﬁs YIS Pe P%&E’ﬁb‘&%ﬂ)&%@%ﬂ? Gb@&‘bﬁﬁ

of i npl emntlésﬂﬁlo@ﬂ”'@ld%e@@xeﬂﬁhé}:fag& bandkoNRishl fRwpaiateaitisic RxSYStam i S
attached to a host s%%em 709. The host system can be a conputer, a’;\

cel lul ar t eltegmesses atppns|% Thiv@p gepthyeducedhe wpg @ﬁwaqdﬁ%ﬁwmé@ﬁsqré'ﬁ]an
conponent,  Qf e Qbrrihtdidaket y Of other devices. The host systemis



[ 0063] The page scanner operates to scan the pages of nenory cells as
i ndi cat ed above and determ ne which pages are valid, free, and
invalid. The page marker operates to nmark pages based on the results
of the page scanner and al so during the course of using the nenory.
The sense circuitry reads the values of the cells and the markers and
provi des those values to the page scanner. The programcircuitry
wites to the cells and, if the markers are in nenory array, it

wites the s. . Jf the rkers .are in a,separate | ocatio t hey
. be i t RERC v el U SPrauBORY et hERalEH Geviied pofisate
control | er eQuéncebsorldie IfapEt atdnBronefadetRinyRRE 4 adifd, thbethe Fike free page
illustrated, conp ne_g#)s. It %Iso controls the operation of the

i nterface t B ateekg pe Bpdirgiee pegsdan therybols Bemencsiyud Bis PrEsdsHBD Be
nedi unt' r ef gfi$ pdRibRlbolapt RedTBdiodMhe AR hBRY the GleRRYESHNkBIRION it A ays
programinstructions to a processor, a nenory controller or other

sui t abl e defallew theosame gequgndediroughibhpagesretlif marndgn enslesheatpe Meiige at

| nct uding. bigf 104 tid Fhdnifl fiBecs AR UAAL i uglEfloPune BRG WeB I oTel 2.
Non-vol atil e nedia may inc ucfe, or exanp g optical or magnetic

di sks, soli frssfretpgsfaeadblakd ot her nenory, ROM etc. Volatile nedia

may i ncl ude am r suc S_Ssystem nmenor SRAM ., an
ot her "t ypes FAIR Gl TR oy e EnelibR) FRIERgheky sitbs b e andi'e
medi a i ncl udess nbidonRiessplignedvaihedia 6r corlimedsnvatd data. Thedppy vatieskof

flexible di hard .di sk, magnetic tape, .and o r netic medi uns),
opt 1 cal - medREeT gt Sy Do BnE St Rst 1SRty SR o LSRR
ot her opti CadmMR eHiakh¥B )s,used 1y Saciatalideidia drapmkdthafRR tHe@ GRSy {tRn g HowBbn Gy
cards, paper tape, any other physical nediuns), nmenmpry chips or
cartridges, o(her approacindon bp sensHiaiaREe the oyl BATKGT Aurpiiye prpiRepgticular
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non-volatile memory, such as PCM (phase change memory), MRM, or FRM, or some

combination of memory types. The operations described above in the context of FIGS 2



[ 00681 Unl ess specifically stated otherw se, as apparent fromthe
foll ow ng discussions, it is appreciated that throughout the
specification discussions utilizing terns such as "processing,"
"conputing,"” "calculating," "determining," or the like, refer to the
action and/or processes of a computer or conputing system or simlar
el ectroni c conputing device, that mani pul ate and/ or transform data
represented as physical, such as electronic quantities within the
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thousands or more cells in an actual array.

[0063] The page scanner operates to scan the pages of memory cells as indicated above

and determine which pages are valid, free, and invalid. The page marker operates to

mark pages based on the results of the page scanner and also during the course of using



CLAIMS: What is clained is: 1. A nethod conprising: scanning pages
of a menory array to find a first free page; marking the first free
page as available; and witing to the page narked as available with
the next wite cycle. 2. The nmethod of Caim1l1, further conprising:
mar ki ng the page prior to the first free page as invalid; and erasing
t he page marked as invalid.

the memory. The sense circuitry reads the values of the cells and the markers and
provides those values to the page scanner. The program circuitry writes to the cells and,
if the markers are in memory array, it writes the markers. If the markers are in a separate
location, they may be written to that separate location. The memory interface controiler
controls the operation of the memory and the other illustrated components. It also
controls the operation of the interface to the host system.

[0064] The term "computer readable medium" refers to suitable medium that participates
in providing program instructions to a processor, a memory controller or other suitable
device for execution. Such a medium may take many forms, including but not limited to,
non-volatile media, and volatile media. Non-volatile media may include, for example,
optical or magnetic disks, solid state storage and other memory, ROM, etc. Volatile
media may include dynamic memory, such as system memory, DRAM, SRAM, and other
types of volatile storage. Common forms of computer readable media include, for
example, magnetic mediums (e.g., floppy disk, flexible disk, hard disk, magnetic tape,
and other magnetic mediums), optical mediums (e.g., compact disc read-only memory
(CD-ROM) and other optical mediums), physical medium with patterns (e.g., punch
cards, paper tape, any other physical mediums), memory chips or cartridges, (e.g., RAM,
programmable read-only memory (PROM), erasable programmable read-only memory
(EPROM), flash memory, and other memory chips or cartridges), and any other medjum
from which a computer can read.

[0065] In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the invention. However, it will be
understood by those skilled in the art that the present invention may be practiced without
these specific details. In other instances, well-known methods, procedures, components
and circuits have not been described in detail so as not to obscure the present invention.
[0066] Some portions of the detailed description are presented in terms of algorithms and
symbolic representations of operations on data bits or binary digital signals within a
computer memory. These algorithmic descriptions and representations may be the
techniques used by those skilled in the data processing arts to convey the substance of
their work to others skilled in the art.

[0067] An algorithm is here, and generally, considered to be a self-consistent sequence of
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3. The method of Claim 1, wherein scanning pages conprises scanni ng
pages in an order in which they are witten to and determ ning

whet her a page has data stored in it and if the page does not have
data stored in it, then determning that the next page is the first
free page. 4. The nethod of Claim 3, wherein scanning pages further
conprises if the page does have data stored in it, then determ ning
whet her the page is narked as valid and if the page is not marked as

\5/_al ll'ﬁ,e f’rgteﬂ% gset f%rp%]fltmnrs] tto %gle%lrgcf %uitp aIglgSQ 1§c]|\5,d%§){1%§ da? Fnaﬁ égﬁtl&ggg
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convenient labels applied to these quantities.

[0068] Unless specifically stated otherwise, as apparent from the following discussions, it
is appreciated that throughout the specification discussions utilizing terms such as
“processing,” “computing,” “calculating,” “determining,” or the like, refer to the action
and/or processes of a computer or computing system, or similar electronic computing
device, that manipulate and/or transform data represented as physical, such as electronic,
quantities within the computing system’s registers and/or memories into other data
similarly represented as physical quantities within the computing system’s memories,
registers or other such information storage, transmission or display devices.

[0069] Embodiments of the present invention may include apparatuses for performing the
operations herein. An apparatus may be specially constructed for the desired purposes, or
it may comprise a general purpose computing device selectively activated or reconfigured
by a program stored in the device. Such a program may be stored on a storage medium,
such as, but not Jimited to, any type of disk including floppy disks, optical disks, compact
disc read only memories {CD-ROMs), magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), electrically programmable read-only
memories (EPROMSs), electrically erasable and programmabie read only memories
(EEPROMS), magnetic or optical cards, or any other type of media suitable for storing
electronic instructions, and capable of being coupled to a system bus for a computing
device.

[0070] The processes and displays presented herein are not inherently related to any
particular computing device or other apparatus. Various general purpose systems may be
used with programs in accordance with the teachings herein, or it may prove convenient

to construct a more specialized apparatus to perform the desired method. The desired



10. The method of Claim 1, wherein marking as valid conprises witing
to a look up table associated with the first free page. 11. The

nmet hod of Caim1l, wherein the nenory array is divided into bl ocks,
each bl ock containing nmultiple pages, wherein scanni hg pages

conpri ses scanni ng pages of a block, the nethod further conprising:
scanni ng pages of each other block to find a first free page in each
bl ock; marking the page before the first free page in each bl ock as
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page; a page marker to mark the flrs ree page as avail abl e;
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is further to nmark rior to irst free page as invalid,
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as invalid. herein may be implemented with any combination of hardware (discrete or integrated
circuits) and software.
[0071] Use of the terms “coupled” and "connected”, along with their derivatives, may be
used. It should be understood that these terms are not intended as synonyms for each
other, Rather, in particular embodiments, “connected” may be used to indicate that two or
more elements are in direct physical or electrical contact with each other. “Coupled” my
be used to indicated that two or more elements are in either direct or indirect {with other
intervening elements between them) physical or electrical contact with each other, and/or
that the two or more elements co-operate or interact with each other (e.g. as in a cause an
effect relationship).
[0072] Specific embodiments of the present invention have been described above,
however, the invention is not limited to the details of such embodiments, but only by the

claims below and their reasonable equivalents,



14. The system of Caim 12, wherein page scanner finds a free page by
determ nes whether a page is marked as valid in a header associ ated
with the page. 15. The system of C ainms, wherein reading a header
conprises reading a header for a block of pages. 16. A nmenory

devi ce conpri si ng: a nenory cell array conprising a plurality
of menory cells, the cells being grouped into a plurality of bl ocks;
and a nenory controller coupled to the nenory cell array to
scan pages gi ﬁggpnnry array to find a first free page, mark the page
prior to th MY free page as invalid, mark the first free page as
avai |l abl e, whasechihedpage marked as invalid, and wite to the page
mar ked as available. 17. The device of Caim 16, wherein the nenory
controller scans pages in an order in which they are witten to and
det er m nes whethgﬁmﬁomagﬁp .data stored in it and if the page does
not have data stored in it, then determ . nes that the next page is the
first free page.scani@ig pegs ofi @ wiegwrodriagiiafivg afst igearees:n i f the page
does have data edj.n i myEy controller determ nes
whet her the pagzﬁ%éﬁgg?ﬂgg%gg5§§¥?ga§ﬁgaﬁﬁathe page i s not marked as
val i d, then det ernfingds thelpage mivgedaavaipalgevithshe mat wiitestyclbr ee page.

2. The method of Claim 1, further comprising:
marking the page prior to the first free page as invalid; and

erasing the page marked as invalid.

3. The method of Claim 1, wherein scanning pages comprises scanning pages in an
order in which they are written to and determining whether a page has data stored in it
and if the page does not have data stored in it, then determining that the next page is the

first free page.

4. The method of Claim 3, wherein scanning pages further comprises if the page
does have data stored in it, then determining whether the page is marked as valid and if

the page is not marked as valid, then determining that the next page is the first free page.

5. The method of Claim 4, wherein determining whether a page is marked as valid

comprises reading a header associated with the page.

6. The method of Claim 5, wherein reading a header comprises reading a header for
a block of pages.
7. The method of Claim 5, wherein reading a header comprises reading a header in a

spare area of the memory array that is associated with the page.



19. The device of Caim 16, wherein the nenory cell array is a flash
menory cell array. 20. The device of Caim16, wherein the nenory
cell array is a phase change nenory cell array.

8. The method of Claim 1, wherein marking as invalid comprises writing a marker

into a header associated with the page..

9. The method of Claim 1, wherein marking as invalid comprises writing a marker

into a header associated with a block of pages containing the first free page.

[0.  The method of Claim 1, wherein marking as valid comprises writing to a look up

table associated with the first free page.

11.  The method of Claim 1, wherein the memory array is divided into blocks, each
block containing multiple pages, wherein scanning pages comprises scanning pages of a
block, the method further comprising:
scanning pages of each other block to find a first free page in each block;
marking the page before the first free page in each block as invalid; and

marking the first free page as available in each block.

12. A power loss recovery system for a memory array comprising:
a page scanner to scan pages of a memory array to find a first free page;
a page marker to mark the first free page as available; and

program circuitry to write to the page marked as available with the next write

cycle.

13.  The system of Claim 12, wherein the page marker is further to mark the page
prior to the first free page as invalid, and wherein the program circuitry is further to erase

the page marked as invalid.

14.  The system of Claim 12, wherein page scanner finds a free page by determines

whether a page is marked as valid in a header associated with the page.

15.  The system of Claim 5, wherein reading a header comprises reading a header for a

block of pages.



16. A memory device comprising:

a memory cell array comprising a plurality of memory cells, the cells being
grouped into a plurality of blocks; and

a memory controller coupled to the memory cell array to scan pages of a memory
array to find a first free page, mark the page prior to the first free page as invalid, mark
the first free page as available, erase the page marked as invalid, and write to the page

marked as available.

17.  The device of Claim 16, wherein the memory controller scans pages in an order in
which they are written to and determines whether a page has data stored in it and if the
page does not have data stored in it, then determines that the next page is the first free

page.
18.  The device of Claim 17, wherein if the page does have data stored in it, then the
memory controller determines whether the page is marked as valid and if the page is not

marked as valid, then determines that the next page is the first free page.

19.  The device of Claim 16, wherein the memory cell array is a flash memory cell

array.

20.  The device of Claim 16, wherein the memory cell array is a phase change

memory cell array.
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