10

15

20

25

30

A Controller for Non-Volatile Menories, and Methods of
operating the Menory Controller Field of the Invention
wabeos/osseeenti on rel ates to a data storage systBOT/SG2006/000345
enploying a solid state (i.e. sem conductor-type)
non-vol atile menory, such as a flash nenory, and
A g H_E_rl%é ér?% I\Grr)f %djpeghﬂse%&mas n@%ﬁh&o& &art | Ctlqua{He Mtemory
techni ques of a fI ash msm@hyfon@,ntrol | er for accessi ng
such a non-volatile flash nmenory. Background of the
I nvention Flash nenory is a form of EEPROM
Field &f @etinvgg@bhy Erasabl e and Programmabl e Read Only
Menory) that allows nultiple menory |ocations to be
erased or witten in one progranm ng operation. The

Thl&ﬁﬁ@ﬁ%nlrélafé@mrﬂa}’a steRQeaysmERSoNAd "é NG ERES(i.c.
su Séstem or electronic devices, such as nenory

clofsaype) Mpf-vRlptia memary.Auckgs v flash stengeryy asd JPethods o
opeﬁetﬁhg Sush amn%ry]v ﬁﬁpﬁ'ﬁcuﬂ&?k LB Y ﬁle@ongﬁu&oﬁ' &¥hitecture and

drives, A flash menory device consists of one or nore
techiiques of g flagh megosy 6?”@@?4 for aacessiny geetha sparvalpdieflash sremory.
Each of those cells is capable of keeping one or nore

Eits gf data even if the electric power supply is cut
Bacggroun ion, f|ash menory is termed a

non-vol atile nenory because it does not require an

xternal. power s ly to retain_stored data. Howeve
Flaghpemgiyds ae/gupt %@'giﬁém (Eﬁﬁcgmaangrafagie@w@ata@m%b‘e Read

OnlENRERAy) Qﬁ@teauaws AV Ry I@&%n@ﬁabe %r&éeddﬁt\nﬁutﬂeﬁ Rtibne
uire This process 1s terned

proge R mERI R THesPORNGR SRSV SE e EioRs dAErRrag

subw@fﬁ lfc&‘r'e@éctr@ﬁié'de@@bé @u&h a§ Mé‘rﬁ&? CQW@BBC(UnMa@SéﬁQ Bus)
are divided into PéSI cal cks pages and

ﬂas‘%é@‘ﬁ?r%‘df%“dﬁ?é? PrivafaeeR ﬁ@ﬁa@é@éh@rdtdask SeRi L at

dat a access, st orage and progranm ng. A flash nenory

[ [ d int I lit f physi cal
AP gBREOT ey o GPTe i OBy BLRers STaie Al ey GolE as s data

storgallibits. tEachfof bssicefd isRABESRe oW kddpiny SREHr :ﬂBbéSélt%QJf data even if

i s, often divided into two portions

the g’ﬁg’mgtpawsgéuwv I8k Offa BRIV, VIR GBRM e e 0pe .aﬁ@ad/olatﬂe
mefﬂ@f;ﬂbebéus‘eqmﬁ Aot HsR freted é&é}‘ﬁﬁ pToW%r §§ﬁﬂ¥ filethis setdd da.

record | qgi cal dress informati on,

HO“@N%#“'E gfﬁoe!ewﬂ'ﬁ% tb%td%ew@f%\/ St@xﬁémé%@ eIages PneeoRRw rqwad of

rog&hmmmgab,r@aia ﬁ'@)@f B rgﬁ@%do IMThisSsteBsiaNS 1t anfdr88H-Befbre-write,
wmch S GHED Smegor of a flash nemory 5 having M bi ocks 50

PT‘@H‘eCFC’Pé”'M“B) each bl ock 50 bei ng organized
|nto G pages 60 (labelled 0 to G 1), and each page 60

be furt per
in comme cial apcha’tions, a large number of transistor cells are divided into physical

blocks, pages and sectors for their address management to facilitate data access,
storage and programming. A flash memory is generally organized into a plurality of
physical blocks. Each of these blocks is divided into a plurality of physical pages.
Within each physical page, memory is often divided into two portions for the storage of
user data and overhead data. Overhead data is commonly used to store the user data’s
status and flags, to record logical address information, error correction code, etc.
Overhead data is sometimes also termed spare area or redundant data. Figure 1 shows



10

15

20

25

30

di vided into user data 70 and overhead data 72

portions. In one comrercial inplenentation, a flash
woreoonysedevi ce consi sts of a nunber of bl ocks BET/36XB6/000345

each. Every block is further divided into 32 pages,

each page is then able to store 512 bytes of data
ans@xAanPie 6f & frshsmemonr5 haviegsM hede 0. (labslieth® tdr1), each block 50

b&%ﬁﬁlh@cﬁ H@I p%{?sé € ?t(l'aggiggab {d! Cﬁ%‘ dia'BYcK £g§¥ bﬁ?eg&&ﬂher

consists o oc eac a page
d'g'%%'”{t%%ﬁeféa’iﬂ Brand @Vﬁfbﬁ‘ﬂs’cﬁﬁ@lmmGwnpages and a page

i s conposed of 4 sectors. In addition, each page also

contains additional non-volatile cells for storing
Innerapamereialigplenprisation, adasmeemopy deviceeansisteofeemuaiber of
blb@l(sr@q 6RH kbR PROSY b%c@%fu"th?rsawpgmé ?5 Bagé@ GcrF¥sde)is then

atm B{ﬁﬁ'!l‘i’?ﬁ&é?y?ﬁgdé%aﬁﬁeﬁ%@tq tge gizaaf Ia)hoébm’cq»rn Iramotiogr commercial

mﬁ%rﬁerﬁé%ﬁsa b ﬁ]‘érd f'grlsﬁéts{ Sbtodid R 158&%% 85, 8 g%ﬁg size of
Nbr eover, i n one co rC| al I npl ement ati on

IRk fak B biasids Persposesaj64 pabeshianda prgedk cmmseu@f 4 sectors.

lnFHo@ﬂlbﬁ%ﬁ paBe %Ts@%onfaﬁ%&dﬂ%ghﬁ% vcﬁétﬁ’é‘ béllsqg{gtorﬂ‘@gcﬁ/el;h%ad

he nost si ghi f1cant pa
thTh%etﬂﬂ%h HEaKY ﬁ%V'(EﬁSo-?lie bete@dterm@d mxdil uagaﬁdoltaqkékaam emories,
Ale SIRAPBI0OEE RESTIN of logical and
Slphey3|eggl oad'dre%sés h'ggo' QE%IIW?S%CM The physi cal
address denotes the actual | ocation or address of a
P&gPAimP ﬂh&ﬁ"ﬁw%‘nﬁ'? '
ﬂrr{gans a% aEhiEnR rgc%égjhilly;%dyésh%né %?rﬂo?@ﬁ%@éﬂﬁﬁﬂﬁﬁ?@plcany less
theg giblegkisizeaddeiepyareld ane camprayeinaipleatientation. (eAl., some NAND flash
méﬁ\@ﬂéé!)’r ﬂ)dg%s%ﬁr@é bRRK bRkt Be br%%l’eﬁ%e@w&)@%ﬁfr&ﬁ WERLE Lignificant
froma host end I's converted rnto a rea
PRgsp G BRstsianiiaanhpadrRapAgsireae Pragtiammingowithin fhiedddek is
proBREY. by several steps of mapping algorithms. This
mappi ng algorithmis often perfornmed by a device
ternmed a flash nenory controller. The chall enge for

T8 lH%Id thel dp’é?ﬁoﬁ%f‘é?ééeod@%é%rlt@ thé 8o éﬂa?ieél'a%%aﬁ di gb?

h menory contr ol systemarc e t0|
a%@%ﬁea@e@é@e% W@ducqob tha nhyzl@altawressmmote@ﬁm wtmkbmson or

a@d?@sé’éf%%oﬁ@&ﬁrﬁfsﬁét&‘ c?e‘ﬂé l/v)hl@?\@ I%@c%l 'EBB%%@ n‘fglmg '&ﬁ address

reliabil1ty and usage nenor |

reepgnized by & Howkand whigh Fﬁ lﬁ@lﬁ@ifvy agssniatest los pmﬂcabmeasO A
réahﬁvrﬁ'@@éeréﬁorﬂ%?a'léﬁl@cﬂ fa@&n%s@ﬂéaugét@& tf‘roﬁ?&'ﬂBét%%d% conyerted into a

anot her interface. menory controller an

regpiy i eReraTionsier AR ﬁﬁwab@yam@l aslshrsson aulasbmateyry by sevanal steps of
m(abﬁﬁg fa@bfﬁ‘hﬁ]sn Ofis/ ﬁ‘nlaﬁblhb & f%ﬁﬁ‘n?m RRAEA %Hofﬁ?ﬁ%& § Hé\gfe termed a

stemt oget her. ure I nterna

ﬂ"-tsy ﬁP@BPWfCPaw%’FRﬁ alergerior suah axflash mamprymentelids sdmvsto
ostHeYE HeQlask hitinhdry coftrdlRP bysterk AFEFHBLGAT BSmPHdVE dtd 4385 speed,

to utilize the flash memory blocks and pages more efficiently and to improve on the
reliability and usage life of the flash memories.

Figure 2 shows a flash memory controlier attached to the host at one interface and flash
memories at another interface. The flash memory controlier and its attached flash

memories are semiconductor devices and they form a non-volatile semiconductor mass
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menory controller 3, which is arranged to access a
non-vol atil e nmenory consisting of one or nore

w@bykioswmkd y- separate flash nmenory devices 5. TPE€T/SG2006/000345
comuni cati on between the flash controller 3 and the
host 1 is via a host interface 7. The conmuni cati on

stoeageesystenh ettt Biguer 2 Shawintdigal HRIERS f ais;}gsicalerfasﬁ ndimory
ur 1’

' f i nt.erface ontroller 3
ARG S ITRSE oyt 85 SR ' e v o
mEme ssaroli&h3, Whieh m;rewwggwgo é&e@@efn@h%lapﬂtfhfiﬂo%%@ngétmg of

rary. nmenr rovigde a system atile
oh® PPHRE HnBTe-Seirrieg =8t mandy ibicses Secemmuncatrchpticen
ti flashlcontoltey Bi aveal the hoste!as vﬁfa ﬁhlmfrﬁéﬂfewé 7 The b&an@gmaﬁ@

' ated i.n Fi e the host 1 at es ata
opplet AFEST R £ 51 Bembid s R adn b8 a4 soh feerfaciah The
Comtn:tlleoB Ifte‘theBmcmdbeatEm idgz mn"nmracmﬁ@emm 18Ssarideprocessor 15.

T P e PG B M Ao i s
vslpmeﬁAms 7teind espraceédsogRANGIS; ahd 862 Stdred eadoi om

along with the nunber of sectors to read. User data is

typically transferred between host and flash nenories
Int & typicghprobesoff dperatiBAbrife déViee Mastated RFidRgCRE host 1 initiates

<34 90, Bt A b BB B0 OB A3t
canithaed sescified tbnefsltaémrlrg iogicalraddpdsssb ORite alogy #RIS 8 raMBdiat sectors
in er, stora .
8, 0852 21 0B 808 ey asormogprom song
with dimshahieet of seciorsnibeeaedi ate terns of | ogical bl ock
and | ogi cal page addresses, where a |ogical block

conprises a plurality of |ogical pages. There are
Usar daialss nypmamsansterm@rﬁmmrt st ahd aa@H mémeﬂedotﬂ&ﬁ@mﬁb buffer

T IE R T K
thepgoatrobeyst lslt@gansiﬁteahiﬁihﬁ &r?mail addressesl n@t@lﬂgéﬂ mEhW)kb / ph;{Slcal
0s ress bits to
aBstelsd Bal et il Be SRR st e peBRe P B cal
bl ock and | ogi cal pages to physical block and physi cal
| | 0gi b
THRSEE A SFa R i AL Bl S s
qum@hpagﬁaaddregpasaWhexiecaclbgleal|l:ﬂoqkagml pl‘cmdéklf( eﬁmadllltyeoffldsgléal pages.
i r ca 0C

Thgr%ea“rgg 3?@%3@%&88? o 6%(5’8 1 Ffaaa‘aﬁ@sea%% Of‘&"ﬂ?ﬁ”t flash memory
comgilienimpiéroertaionssanmbajgoriicds.es akh@plel mmcbﬂlgd)lléahay map the

B R A e 0T et oS ) B g

audrgss hits {welgeicalfpagks sTHea@ntrallerbrhemﬁnaﬂ@ﬂﬁehkﬂglm pleer ah® Icgical
M T e W e

ocgamized drgo MG@MI mabesmge&;hmtta@adcﬁa@ls @ﬁemudrethhﬂo@ba%ck Ois
pHEé‘B&&r%ésaLbﬁé Prgm IQ& c%@gress qu %!3 Cloglcgdb(?oci 11s page -addressable from
logical address 64 to 127, logical block 2 is page-addressable from logical address 128
fo 191, and so on. A logical block may be mapped to one or more physical blocks, and
each logical page of this logical block may be mapped to a physical page of the mapped
physical block(s). The controller then issues a sequence of low-level commands and
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Host | ogi cal addresses and their corresponding terns
of |l ogical blocks and | ogi cal pages are virtua

W@ e0eeps634 wher eas physical bl ocks and physi caPCPpagBE®6/000345

are the real physical |ocations within flash nenories.
Typically, the systemvolatile RAM 17 incor por at ed
cortes) stghalsct@ Pdadrivite toSildeh @RemBfiesSisid ME rﬁe{b%eb gﬁka@él doBresses.

P/SI c ddress mappi ng and other system |
B BuGaladbfresen and BT cONPTONcing Bt Pidenics baskd and logical pages

a@ﬂﬂh@@ohéﬁpﬂ (RECE d‘fﬂ/@iﬁéltm&ﬁsbﬁatbhgﬁw tp\égés éute)’tﬂé ?é”all physical

31 erhead data) and initialize

qua '%RSH‘" 'P}i\"l’\ﬁhln?e'BP'i'%ﬁ' to any data transfer oper atl on.

(lher functions perfornmed by the controller includes
rror corr ct| n% codes) generation and checki ng,

fye
T¥P‘P%‘ F@éd\??ﬁy"o NS W7o|n@@r€é>ratﬁ%\tmq:mf:@nﬁoltmsmuseadefor storing

tribalbgicalae phpdicdl ﬁ@dr\éﬁﬁfn‘a g/
t aglﬁabl oc%r o B8N bS ﬁ éirng%tﬁé%%%tbﬁ’ﬂ? F}Héﬁgﬂ' QW?pBWer up, the

Cﬂ%Hf? IggisHaRyiTedia 'Bamu%mf%rm@e@ fromdba flash rrnégmt hﬁmplcaﬂy in
flast O\Iiehﬁeeimmé) & idtiflz8Ge bysteguBlatile RAAY Rl Ed)a@ﬁdata Fransfer
g{@ﬁt ed by programm ng the new data in unused pade
OBPEHEM the same or another block. However, an
efficient mapping algorithmfor flash rrermri es havi ng

Ogul ti- ged I ocgayhas still not been satisfactorily
rdvrydions 808 FNEMBT iFHdes BRE (Brror gasrecting codes)
gfsﬂékdﬁ@’ﬁﬂnﬁc&bhééki&b' @rrtgeéccfvaﬁﬁ @réﬁ(ng%lééié%ﬁat%%ﬁvobsolete data,
9\%nt rol | er des‘ngg for nul| ti-paged bl ock f

ry.
UIAY HERE leVRiing dunation Browt O arbilealisegean otbers.
user data starting at a specific logical address to
he sjora e device, the control |l er nust inplenment sone
VM ?mﬁ%( SIVIRG "PYEPRERA Blarksig ¢ped slafoinfiesssthan all the pages
oph piick & us’i.dﬂ‘i ﬁé‘q&fredﬂaﬁoef u@ﬁ'ﬁb@ﬂ)’ﬁﬂo@@mrﬁlﬂg (ﬁe;ﬁe\h Ea% in unused

funct ysi cal hber an hysi c

Pﬁgﬁseogrﬁjtﬁlﬁreﬁhe sqtmesor gaaﬁhggglo% I-,Iovyegeh an fficiend Ampeinoaigorithm for
flaghiemoaibs RhAsK mu@lbbé@eafﬂlock@%% stilli§ b‘é@ﬁ‘%é@fé&énl{ﬂ @ﬁvél@ped

f h of whi ch
TBR GoleFing it <o he SrSRaTeEI Aealogers Garaby wieah memnory

coaisdlles dbsigtlite Riitypd Radfodkaldhimamaryhe | ogi cal address
previously witten to, the controller nust be able to

translate the | ogical address to its mapped physi cal

VW‘iBi'f £hSst WML nbﬁ'lbgls&dpatg@ﬁ gﬁﬁ@ésf\l Sgtqg'ugérccgakcg %%trﬁr?ﬁat d Specific

lash menory and return-t user

k’f@é‘@é Aedrpss {gHba storrgeriayiceuhearantoliar mush inplerhenizapese nethods for
niefb%ur@%ﬁ@ ldg%! Q@éreﬁ*@rfﬁéﬁ bﬁ@:ﬁéﬁ a%nj& M‘ﬁ &%&BH aec¥dress isa
to map gi cal es sicar
f%@ﬁ” gtthe W@YSF\W% 5@@5 numer %’B@P'ﬂ)@tf@ép&l@ numaheraT ik agtiress pair is
hBRYS b&teP A SIS REKEHIARRAI PEST $he controlier has to decide, for each
of the N pages, in which {physical block, physical page} to store the user data. When
the host subsequently reads data from the logical address previously written to, the
controller must be able to translate the logical address to its mapped physical address,

which is used to access specific location in flash memory and return the user data to the
host.

Secondly, when the host updates M number of pages to the same logical address
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it can be witten to again. Mst present controllers
i npl ement nethods to wite user data to a different

wd ployssssad bl ock, physi cal page} than was prevPOLISGE3006/000345
witten to for the sanme | ogical address. This requires
the controller to re-map the | ogical address to a

(v:iﬁzfé e, tl{epdfit}fﬁriod@dhatﬁ toGkap mby@gi@a?bd@%ggio 5%1&?&&@@(}% for
e es for u es.. \Wien ho subsequen r eads
edplol P Btedes f%eg PG istaEa #ﬁ@%ﬁeimmu g praggd before
it agﬂ\ Be weittér mg?am; Mc{sh prelsélﬁtitcfeﬁi\trol%ﬂfi {n@;ﬁérlnbﬁt ?Bﬁo@%‘ﬁb&ﬂnﬁé Lser data
a ess recen witten lgcation to
o R0 PO ok oS Garpadhh e s ragsus BRtemoor the same
Iogﬁpp&fﬂrdssh ﬂ'h'trs rsm’i‘reﬁ tagcerttolRe R r@&ﬁapgihté Ié%lé’éltraﬁ@r‘égéito a different
I st. ma requir update to e sane
(bl ool b aicd Hage? o Bach Phibe M edire danwpdaram Wiemhost
sﬁfeﬁmrﬂntream];smtﬁ&m the rajglclhhi@qdl@é@yir@%nwetreﬁust bk traeieltex,
ower. for e.ngn-yol atil e mass storage systemis
trahale degpgical AHdtesh do e%\ywa'ﬁﬂdr?éa Hheggaptecqriyy written location
togetrieve vilierdam) stich thaa tlecoltiar uset @ath nitlgoeti 6 tHERRIBgical address
[ mat |c'c1)n. There are nmany control ler designs to
ese

nf
a'{‘eLﬁ PiSpds functional requirenents in order to nake
data access, storage, and transfer efficiently. In a

. early design ho ogi cal block is always
T, 8 ol B Tecleq B e SAmp alial apreg Hadtale times, and
eaar tihse witlv diffgreht nsertdaa fes thawieliogs Watdshe sane | ogi cal

bl ock, user data is always stored to the sane fl ash
physi cal bl ock. However, prior to witing to the flash

FinkIbG Mhet bewé fafsfl’nteﬁdna}olagitslﬁw_fsé §t?tagtb%y§t@ﬁﬁi§_(ﬂt{lrng@ Bff and
| sadvant age, o 1S, sche IS a ny wite 1S )
SRR B Sty ERETen Bt s el o/ eia 64 the mapping

inpemaidri.on. To address this, one prior art proposal was
to avoid the "erase-before-wite" schene by re-witing
user data to an erased physical block, and recording

Thers anssany edrelibogisigrs tb fuitkihese fuREicheerdaaremeRt # ddbhto
in the old block is

flaq. The previpus data.
m??‘%?@é‘& V] gStQF?%I’ gne Frg@s_ferl ?{f’?‘f‘ﬁ?t@- schere, the | ogi cal
bl ock nunmber may be different fromits mapped physi cal
bl ock n er . weyer r a flash nmenory havin )
P BT a0, SR oical Mg Ay mepartto aag ash physica
bluelp e dtheowmidse?«qw]ymbcm;] hiea @@ Be ot ﬂama Q:diﬂg@ﬁlbci@,ﬁh@er data is
e of thi che | en host updates one
eI SR1835 Sip s GRBRR S U RETGF FSRRN 6 e flash
blpblyShe:%shb:llcm;kkr&mm sitst be evddedc Gﬂhg d:lisfadf/a?]rﬂég?dr binBlisieHerfl@isithat any
val i ages, of. user data that were not
B 2eVF sienfobRay Yod e Rng seesar RN bl ock 1o
the assigned erased physical block. The original
T8 %éﬁéﬂe%@lms? logé: l;gri(rnrru e?r% prtogggal k\?veas to avoid the “erase-before-write” scheme by
re-writing user data to an erased physical block, and recording its associated logical
block in the overhead data with a new flag. The previous data in the old block is marked
using an old flag. In this scheme, the logical biock number may be different from its
mapped physical block number. However, for a flash memory having multi-paged blocks
the logical pages are always mapped to fixed physical pages within the block.

1
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invalidated by witing an old flag in its overhead

data. Both the copying of pages and invalidating
waoroogiosssk4 bl ock dermand addi ti onal operation anBCT/BGE06/000345

Oten tinmes, the original block is invalidated even

when not all the pages have been fully used, resulting

Onendisad@ntrighict itda scEneecks wisadst Ifate®ofe b ReeREedbOS logical
ficient block age wll cause a

erase due to, |l ess ef | '
bIGHK B Tl SrasaeLR IRl PlashipbsthecHiopRied Foraianne nesdate.mpggtne
vafiid pgg@nfe{sleseattaﬁlﬁét?&r@ ey ruiteh kr)flﬁl.@t Eél E8piER oGRS briginal
I Tl onal e IL.e, caonsum QC erase nmay cause
I3 RN dreen R SIcBURRE T oAl RRYSBLbIF Tatiban be
inmﬁdpiedgogrv:ﬂting ae!rcm??]g in itstweh@@ls]giaw lrycath/ﬁﬁb &dﬁyrgg\eﬁ BE&ds and
. made. Lo 0 e, C I N or vall )ages uri ng .
infFiRatPRcST ot BeRk Satriae BNt oRg e aa . Q&1 ned the original
blmka'ts Mamt?jed ean \Jgirémkot&fﬂ tiee b&@égﬁiﬁ'\/ebie_@ﬁ Kl;llgluﬁecﬁ,ﬁfééultirli&n less
Sic ocks are used, one i s e origina
e*ﬁﬁ%@i\’%gr‘%&%?Fﬁé?%eﬁfe&uw\)@%&bﬁfmguwdﬁﬁ affert block usage
will céusenatiiopnn reliabitiyhinoe daaH ifiash Biosk LS Bhitéd Midbiath/BRa98 cycies
. or the npved bl ock.

i ocated in the original bl ock,
bﬁl@ﬂév@v’?‘ %’f"Wr‘f A%y °§8We§'8‘51'ﬁ?'r?3'y1 fg*si’%ﬂ congyBngiekarpgg may
caaiss apiegbenantetgentity eteid hoaigh & mPAGE Mitkfatdd By fdMrming erase in
thglbogl%é?o rﬁl nce the scheme has only one |evel of "noved"
e e process of copying valid pages and

invalidating the "noved" block is still required when
At ISRty TR ad i v R R e B paosn Ihis s
ddriert@',taggls%tﬁeswtévﬂ% hﬁ@ne}:ﬁ’fe‘r&ﬁcﬁm‘}ysbhmk%ww tehta@\ré@t H?bl@ In fact,

er C e errorneg n.a r a e Tor
3R PBYSio BidcRs Arhuie Sd R Blgiamblofskyaad eipihasds & moved
bloakp rf?ﬂitfmg?nﬂo&mhw i azbe?ﬁgalaicmet\m}dﬂrtuérmﬁma@agfl is l%%ated in the

g 0OCK. C e ogl ¢ca (0] Sl cal a I ess .

°’f§§i§%h‘§§k’i°§ “beom"%fg‘ag%-i 'H%"P’e‘gerraﬂE*I“%FF*P‘%F?G'YF%%?QICFI‘ Rages are stil

- assueiated adthdixed pagsicalipayes wittih dgd blabksh| Sifde thb@Bh&IAS has only one

$ W th si cal bl ock, physical page}. To B .,
o Bek B 26 SR ks GGt o
blsaigis stlededirphyhenthesd die hive thamti®lpditedHaBe Barhé Bical page. As
oA R Ao R BEPI R et 0 DS ot eace
andpbensatatyotzso degetiotrhedied. | n bot h i npl ement ati ons,

a physical block may be shared for data of different
| ogi cal blocks. in the first inplenentation, a tine

Insnatier aﬁ;emptdlo; ntmbhl dontreNezdgsighytae (Izﬁji%ab @g%eé éal'mtpe Tapped to any
tten. a |l ogica a [ ate t ,
BRI Bl 2B Bl BB, BRBRS e B BBt avres
mapmg@islmme hogectfirckaigearnwildrity. Em@d_ fi? e SwiRedd @ga agéocmt%% Kiogical

ta ut. ifferent ti st S. )
o0 PARS Ao b R TR 53R mE ot
ofmearking kifye owigitdl &operseded page as old, the controller uses a time stamp written
in the overhead data as an indication of which is the most recently written data. Two
implementations are outlined. in both implementations, a physical block may be shared
for data of different logical blocks.

In the first implementation, a time stamp is recorded in every physical page that was
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page, it is expected that the controller reads the
overhead data of all the flash physical pages,

wa@oowpassss4 t he | ogi cal addresses and tine st anpBCT/8G2006/000345

identify nost recently witten pages containing valid
data. In the second inpienentation, the controller is

wetkdn, If @ ipgidel Badeis Upaed niulfipl8Bmekanger tata vANYS 5eMdd in physical
bl ocks instead of re rdln% i n every physical page. .

P39S Whare Ve iggd Paterdll iRvetie merionical biofie dogieab Pageitag but with

diffagt tirhi BREnps. MOn pewareneforha 8shtfdlieMto I6kakathe PRGH: Bsceh@ written
sanme ,él Opgelgcel%lf bl ock, | gl cal page} may be witten to _

RS B8 BYPRETaBRIdRR COMTAIPLZRCB R Rie o e et g dagbbhysical

p&deaC Kopared tifedlofital siarRdes\bhd tifhdistarRbs ©BlidkHify 1A8stGabently written
bl ocks ,Theﬁg})df recently witten physical page is

PRRRSHATART ‘rel ative physical location within a
bl ock. The inplenentation requires a reverse reading

technique to dynamcally identify if a |ogical page
'rh’fﬁé SHE 'F‘@P%m%/"ﬁ%t@ﬂ, 'gﬁ FORERkSr & PRI resylied ksregord tae stamp for
piysidaeblotits ihstead 5818BbIRINGNE eUS{TPHYSIEAR dagk OThel tiine stamp is required
tt.rarlr]ﬁf rrcllgréglé.hemto,the host in _the correct order. In
BTy ﬁl& id, pags sincs, ip 5 9eneializeq 19ER, data Yrgatesiias same
{legitdl thegck] 1Bgit@page Pflay Be URIREAHAS Baged dfMBfeYatt BRYdiRAbIdcRs, and
tq}@\e recagrded in flash nenory bl ocks or pages. This
ot N eloBr el e Blsa e SHarte BHLeth SUowe lagiaa diks cHhe o
rdcentiherifidrasiysanige i€ astefriihba by 15 fllatRe phpdiddl ebfon within a
b'gen at.e E}lrre-t%,t an‘gqval ues, handl jng 0‘1; W ap around o
55 he IMRPMENAOP reRUeE AeYRSRpeINE PG RAyREMsaleigentify if
aheyican agonaPedrogivirienasd rg%ﬁ%ﬁa?ﬂ%/ réﬁtﬁ)‘éﬁ Qharh¥ Bﬁﬁﬁfto re-assemble
s much researc

non-val atile nory.that attracts.

1 5k £ B PrIOE NGRS ICHD PO R i eSOT e RN ATy

(NVRAM . Random Access Menory (RAM is classified as

vol.atile memapry and has faster data access speed as it
t§ yuRlEmREo

RO Pire?ldme 9930 A MOdHRFVYEYS 9R)ITgg de generate a
timetvalueghiatrie ieaseomiet o fxsh rhb@oBPSbEKs P Pagde! ThRRMe/ stamping
I\I\/RﬁMls crﬁat fﬂd%{%z attachi ng a_ backu batteré‘ to a )
ORIRULT ISSXPEAED Pl Jhe flashiHeBor £oBtroligH| SURR ag having
tngeriarate Rardaampearss, Hdpamig/of iraMarodrde:agad, and i@ p&forhitime-
NVRAM i s keR_{D even if the external ?|@%th C power
SRR TRAERE AMPAG RO A STIO Lole pdiepest |
because the backup battery holds the electric charges
reguired. .RAM has nuch faster data transfer speed .than
ARBDEE S pr ot uiae srmon e Syl BSREE] aHlBTeNdh S
VbidR\NRarkipseAcaRs WMoy SNVRARNO RREHES AdeestMehBAURAM) is

SRR B e BB B S R

difierert efpecdf téghinBlagyland A6SLsst rUTRY draéd-Dé)e-widpetation. Currently,
YA B R P BP0 Locess memon.
In this case, unlike a normal Random Access Memory (RAM), the data stored in a
NVRAM is kept even if the external electric power supply (other than the battery) is
switched off because the backup battery holds the electric charges required. RAM has
much faster data transfer speed than ROM and the same applies to NVRAM.

Recently developed NVRAMSs based on various technologies do not require the aid of a
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sonetines referred to as "next generation" or

"“universal" or "nano-technol ogy" nonvolatile nenories
w@na7iossse4 properties simlar to SRAM wi t h addi PCDRGL006/000345

feature of being non-volatile. Simlar to flash

menory, these NVRAMs do not require power to retain

batterato Kererstorad gataoieees mclMeQﬂa%’n’éf&Ré@étﬂrb FENGb A RREESMemory

tile Rand Access
OFEANEY s R e P aetieans Wernons RN aGuaNg terdasvery
(Oeivip rayrd @shefro blireansly un@@M@@t@rﬂdﬁt W\%@Ms@!’cﬁs’tﬁ@}ﬂ@ﬂ%b{es are
essa m ni mum uni t of

s%g%gnes r?ﬁaérelgrtg éﬁs%exggewrﬁt"?m §" a‘h’lh" eﬂ‘%’cﬂrn@a@a‘qeghnqlpgy’ non-

vilbiRAMentoriea she havprobbriied BPhiRir &SSRAMOME ﬁbﬁ}fdhaff%at@re%f being
|te cycle For flash nenory, programm ng data wl

n?r}]\éﬂ % | ong busy period during which tinme the state

of the non-volatile nmenory cells are changed. For sone

fl. i npl t NAND fl ash readi ng data

SRR TR TR RE

haEtJm\@r fmajor ﬁuamonalf @ﬁékﬁcé&ﬁﬁtW&eﬂﬁééh&n@‘h%aﬁamon-Volatlle Random
| ion in

AR IR R Bl Y VRIAG: iR oveiiiape e s follows:

erasi ng that byte prior to the update. Witing any

byte. s a address with no limtations on
C e GpRisfau VGl %%es'%aﬁ@“\}’cﬁqgfﬁsé?b'ﬁf‘%fﬂ%ﬂ/a'& wiijejip gdnimum
unl i kit sfenytél ash menory (e.g. NAND flash) that

es restrictions on progranming in sequential page

add? R ROCHRS: ¢fiWitiRg Bng erading data d WY Reddarmfaster anedt ansmrietes in
e NcosmassRtread Yr afle Skt Hop ﬂBéWm\éFhlo?} Pto%rérﬁ‘ﬁ‘l a%wms?ﬁbur a

havi n | east sonme functional characteristi
bt olobis BEFY Patiat U538 Wik (b the o &t the il MRl ools are
FRAM:h&RgbH arer ﬁﬁkﬁﬂé&shﬁﬁrb@h&ﬁaﬂbﬂ% @UﬁANQQI&EHi PSRy data wil

sone, of ich are still under research
dev e'I“SHr?eWE’(‘g DYRLPRIICSRYiRE MRD tre Togriaka fr@m RBatvolgtiletrpemory
curreé]reatré@,dlt is still nore expenswethanflash

menor n ternms_of cost per MB. Hence, it is not

e%peyg%'”ﬂcﬁ RERIF byl '9C%t@pl"ablé( RAMean beeperfoymad muii@ple times and
non- i @béd hdteed@ErysiRg tHdh Qyt‘éepn'oF‘torfﬁé Spdher age

applications in the near future.(Ongoing design and
nenuY4Eing N YR ipriionesaieay ad@resss Wil b gmikatiabstdnatb allowable

MeNDEYdrESs &Lﬁlﬂﬁtortﬁ%F ht% Y)?bf WiteBaIHils %ﬁash’%@ﬁ@ﬁﬁ(e g. NAND

shrinks are provid menor Ices Wt
flash) that i tmposes restnctlons on programmlng in sequential page addresses

within a block.

The term NVRAM as used here encompasses any solid-state non-volatile random
access memory having at least some functional characteristics (preferably all) as
described above, including MRAM, FRAM, OUM and others based on various
technologies, some of which are still under research and development. The
disadvantage of NVRAM is that at the current time, it is still more expensive than flash
memory in terms of cost per MB. Hence, it is not expected to completely replace flash

memory as the non-volatile memory of choice in mass storage applications in the near
future.
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mul ti-gigabit storage densities as well as faster read
access. In addition, architectural innovations are

whowssssgs t he speeds of erasure and progranm NBCESG26/H00345

as read access. These inprovenents have provided a
roadmap that will bring NAND fl ash performance to new
| evel s that further increase their utility in nodern

CHBBBE 2 ST STk s A oo

theamet lebéler péasmRnoe: andCe§$’§ﬁrﬁiK‘s brd §t@>vﬁﬁfge\‘farsﬁ ‘F'nén‘ibry devices with
a new a

nd
T Risraeg SRR Aol By bl 508 as6Res. dniBA tamcaraniigeturl
inaochtioas bitd bdlﬁtul@ﬂlﬁ speedosimasiy ahf %ré‘g}?%hﬂhd & welﬁﬁ@n"égd access.

ossi bl e adv a rOV|d di ment s of
TR MRYSRTICOR e FrRe R FarEaR 4 a4 b DR Biegh pagermance
taurhew jezeit it furthep Inexeig® teiftiliBNe hidefédm §tﬁ%ﬁﬁ@‘§§st@% designs.
reduci ng page copy operations, and sinplified and

efficient operations such as identifying the nost

Suserenny bithedriviehiggh pages containing valid data. A first
aspect of the present invention proposes a nenory

system having a non-volatile solid-state nenory for
Thé prdsagt umnom'i ain®s toqunélide @ﬂ@w\éﬂﬁ skl comAMEYTof 8 memory system

o] entszr I n i cal block to ph S|cal
SRR RIS  TeRBBisiteoy ot Mekaf ray aeanory
squnp ienplcyAratibe comfalenand fsw afd u%fuﬁm&hﬁﬁﬁﬁéﬂorﬁﬁéatb?%e
ﬂi}ﬁ’”tm types of non-volatile nenory. The first

Vol atil e menory is a solid-state (e.g. flash)
menory for storlng user data. The flash nmenory is
of bIo each Dbl ock

nize a ural,i
ARGE8 Raable il dads i st Sorue eRbinstin g the rupaitsre more
efiiniéniiesh bjivel @nd ey ulizaiem k/@méﬁl%fﬁip@l‘aﬁénﬁ sEé&i% ¥ reducing
The s on@..n n- 9 atile nenory
RIS B R0 TIOITER A oH iR AR e Lses B He priying the
mosMRAAty wirien Bt eaapingSasd 8atal ural ity of bytes,
each byte being randomy accessible and each byte

being witable and readable as a unit. Each byte can -
AUesthspiaﬁ eﬂtlm,drésqmlt mvénmhspr@pdsfé@ Wmemnbe/ s 1\y‘%’t’e@\‘@ Baving a non-volatile

g rreetg, gorg nvetlo%R%ke use o
Fopart Aoy RN NG Rete s mBR Mﬁlég@én‘?@%rf?f §igfing contents
fqmanpmgriogm biack t@pl@lguzal Bibelts2gRi Rigek i@ nohbRidtilediddh memory

ﬁé@ﬂ ? | ‘ar ﬁf updated nmultiple times with new

g rﬁ}é 3198 ?ﬂg for status bits to transition
f romone state to another state. By contrast, the
n ce Rrior art devices is to rralntaln

RGP REIE e Bl TesEoiavbrmiaily mamenoi s pomvolatie
meeToDy is.a St stdiage.g. fasiipeemoty /8 SIBANGOSSARS. THRMAEH RBmory is
oIglaﬂggd into a plurality of blocks, each block having a plurality of pages, each block
being erasable and each page being programmable and stores a page of user data. The
second non-volatile memory may be at least partly a non-volatile random access
memory (NVRAM). The NVRAM comprises a piurality of bytes, each byte being
randomly accessible and each byte being writable and readable as a unit. Each byte can
be updated multiple times without prior erase. Embodiments of the invention make use

of the properties of non-volatile random access memory to maintain mapping status and
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in flash nenory is slow and will have a negative

i npact on performance. Secondly, updating fl ags
WwW@eoensdeky requires re-witing to the sane ovePtiEaG2006/000345

data area that was previously witten. This may

produce an undesirable effect of potentially affecting
tagsher flagat Bheostatad jaad dag bitsmanrbe upelatex mhliplehiatbshvitamew values,

iy SENETY SR, wBT Dt o S ho SRIR BT &

that store nore than one bit per cell. The NVRAM
Bf&?\'irﬁ’stnﬁ\e:{g%t?@ u?{:elféfr‘? gﬁ@aﬁtt cﬁe% ! url%? orgﬁm E#ug%n& I;rllgg bits in
thﬁawhe@i data phflashoabmbtyoThis haadi mages of auedd\mtages. Updating flags

S R SN A Ay

updettmmﬁhawsg@eetallpfequrres renwetmg mnhe samesesthebd dgangsathat was

: [ a.nop-vol atiie
préxg{:@vs\’/{la é-ﬁhrrg rrrﬁarqgﬁ ﬂé’e r| i 5|ra§| rer@fggtto‘;po egﬁ%tyaﬁtﬁ]ectmg the
stdie of Rdjacend mmnpmgdeltsdhat hadrbrees oeously whiysr, @alin fhecake ofﬂsome

[ [ [ at es
BE0RNE e R BE T3k AR (IR A el P RS
ongditpes aell.next be witten, and second mapping data is

mai nt ai ned storing data i ndi cati ng for each | ogical
page of the |ogical block the physical page of the
TheoWYRBAMmedtaing tahles iof systdm sivécttieswh descrithattize mppuh@&hd state of

8105 530 OBl 8o, LRALE B, oo

Cquwmf operatiopdhecentraller witl ezed dryupmaphipeirelalarp ageteots of ds
N\?ﬁél@li cal block, witing the data to that page, and
updati ng the pointer and the second napping data
accordi ngly. The present invention makes |t possi bl e
| sj.cal ck to sto
A b P e K e g, MR IRA A s R T g gy Sietern
h%ﬁﬂ@e&m(bmml@’fa& splggaiegnemory femstong mmaamd logicalllecks are mapped

to%%?@g?mfﬂeﬂglsfé%&@% kzlAf]rg e%ﬂvé BO'HEES? (1 ﬁgotg'éc{?gkﬁpoi%ipdicates a
‘pagew ihd eseespaiding pieysidakbladk ’doemad:h ¢a1atday next BVIRAMN, and second
t: th h d

R85 R R o ) AR B
bl@@)@hﬁ ehysickipage phihe lsogesmandiag phasealaﬂodkeawhmcdm whs last

i Iﬁ?@?g gg)gf?ﬁ% @grg%ﬂ{ﬁto%f%gﬁ%%{/ e(g% tﬁ ?)ﬁlgg cé< is Rg{formed by
using the sgspeghive paihtet tedderdifyomphysigappage dithe phesicdl bloekl, writing the

da{té’ﬁﬁﬁﬁf’?a Uuphd Eétﬁaetf&: . FP]J‘epcﬁﬁﬁgF Qﬁ@%gdst%tcﬁra? éplpg dgig accordingly.

erm upda
T‘Eﬁwféféﬁ@ltmnh@ mak&sum pogsilide usesIcCEssVR p:atges omhedmyacalrblock to

sthidatY, VB FcARE fh WhicS RS R ¥ o éj]\t?en ioglcal bage is written to

repeatedly.

The second mapping data is stored in memory that is non-volatile to maintain its
mapping in the event of power loss. This may be at least partly in NVRAM and/or it may
be at least partly in the overhead data. It is presently preferred that it is stored in the
overhead data. In this latter case at least some of the second mapping data may be

10



10

15

20

25

30

witten to other portions of the overhead data. Note
that at intervals (e.g. periodically, and/or when a
waeowasss2condition is found to be nmet) a | ogi CBET/SGMP6/000345
operation may be performed in which the data in the
physi cal bl ock is copied to a new physical block, and
| ppi ng data are
S&gﬁggégqﬁ Q‘Pglé%gécc{?qﬁd%g%vﬁmﬁégna ‘bl ock. This | ogical
copy operation may be perfornmed, for exanple, when the
[ |
e s BB e Do) g B 5205301 B0l buicar
inpYay h@ﬂtféd&l’fé%tf@tsol}@ﬂa@ mealorpitbe kerimdupdajinp®isrio e iuntdenstood as
[ [
I@éﬁnd‘?rl'@ﬁgnc‘élgé h rrvg%ﬁ Eorﬁg gﬁté’ih%ﬁ% S%h%oo@ﬁ? %Jp%?ssé%l{ad by data newly
viitigg ko pﬁlegpoﬁm@ﬁoftth@owggad phatasi cal bl ock is actually
full, i.e., all the physical pages of the first
hysi cal bl ock have been witten), optionally, the
ﬂ‘@élﬁt pleseals (Rag: Asdodiegyeandidtvhéma abitain conditiareis dowhd to be

| t t
e Y ey
cepiedae ?mﬁPWrﬁm'SlCh@ﬂ@QKy ane cerosaneoding poimtey.and rsecdmohﬂnappmg data are
| bl ock have been used.
ﬁ?%aélgﬁesg%t& %?‘gwgia%%é&gecond physi cal block to a
glven | ogi cal bl ock constitutes an independent third

aICECo gt&SeﬁH&%ﬁﬁ b'e'r;b\é‘?f@h a4 fo%ﬂ{p@é W\eh‘?h% Qﬂ:t‘?dltlon is met

th|r I nvent i on OPOSES

e ?Olg&ét'@ﬁamﬁhﬁfga”a)fwanawgas iiry @ewvsmlal @I@k@on”esnmgdmg with
tﬁé’F fats ich | ogical blocks are
mapegéE t"gn‘g%?’a?g’?ﬁgﬁ ?H%ﬁgﬁ‘}ks’,‘{ﬁg% bl ocks such that data
to be witten to | ogical pages of the |logical block is

A?&eﬂ{a%%l @isﬂsn@é%k‘}txllﬁ g cBR& IF.%I% #‘%sﬁb&tsbtf the first

ysli ca at upon a physi ca
Pcb&iﬁ@@lthmk Bélr whemthe first phesipaldiloaitis actiakysiul fley silldbé physical

ﬂ&b% Bf {h8-fidkst 'h?é’}&al %‘do haGe B@%‘gﬁlrlﬂén a{ﬂ:ﬁxoﬂglgls 'tH%%gnP %ﬁé(ck may be

have been
awesaddgiepaliydala aﬂcmphysscaébbgmsmtb@t vwitmb mayecontinue into pages

d?‘ﬂ'fer §e°o%98 ‘E)h?gc%l BRck aﬁheh{:@%l co?? %B%I%Elgn ) l?ﬁer}%y {D% ggst{agned e.g.

es that | ogica sequen Iy Wl

bp%ﬁest% @%@?QP@PW elark bavekeentusedssoci at i on
betmeen a logical block and a second physical block is
Tperfor med when the condition occurs that all the pages
&S ¢ansepl ofgpaniings? gedong InbrRCH leckiie ergivenilegieai biael copstitutes an

uﬁ%%n%t‘\tttﬁ?d & fect &4 b%@eﬁﬂﬁvérﬁﬁnlﬁ? oy agsgltﬂfélihlrd aspect, the

However , the controller may Op I Ona socCl at
AreRANt HIVeBliTNONPSEs. i BemAtY BHFjam bavindh dok-vplatirsalid-state

rﬁéljnor‘yl"f@r #BY G@r dQl%QSﬁd f?mfwﬁ@ﬁ ik 'icra%loal},yeff% %plpgb N E?rrespondmg
havi nghibeen Wit in anticipation of
Ahysieal logkg seich Weff tﬂ@ig_’ﬂ? be wiidten ¢ logiskl prigss lof terloginaiddock is stored
ith Bhysi®A 38§eLbt th8 BodspBREMg RRY Dhidal BloR& khat upon a physical block
fullness condition being met in respect of a first physical block (e.g. that all the pages of
the physical block have been written to), an additional physical block (second physical
block) is associated with the corresponding logical block, and data to be written to pages

of that logical block is subsequently written to pages of the second physical block.
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until all the pages have been witten, and subsequent

wites to the logical block will then utilize physi cal
w@agessssbs t he associ at ed secondary physi cal bl BCRSGXi06000345

three aspects of the invention are independent, but

can be used together in any conbination. Typical

Teerhssbichation betweeh Adod |(61é4 fbchk ARd IO Bhysidal Bl%@k %S&é%ﬁﬁed when
i nvent t he exgre33|ons bové

Al t
th po i SE 1oBl e WO A A TS ghisizal biosBlgvabeen yditen and
m@é‘rﬁagerwmez Qre@qBiRStSioE Ble 164i64 fofock SHSwe v Oh8 cBHt‘?olFé?‘ﬂEy

t he expressions wll

o et A lohisal e wih,s STV iy Sae kuakcoriento albise physical
pagesvdiitedirbOghysiahl M&Q@Ir@%eﬁw&ﬂeﬁ% ahkn&ﬁgﬁonaéfffutﬁfe writes. in

di fferent set . of one of nore
5 SR e T e asifHl Blobk Somtiries Js pagespidheprmenkphysical block

umlti’h vl treapadeb fhﬁké bedrwiiffdrS aﬁé%@bséqb@ntrmﬂ@é OPe @t?ig‘?éa‘ff‘ b@@l@l will then
tmeen i ndi vi du | ogi cal bl oc

uft8 Bt Pt & The Feapelstachseoptinans sy bisdke. of

Iogl caI bI ocks and correspondi ng sets of physical
Th zé%g'lftlon to the three aspects of the

% ?ﬁ P%%th § igURtigR YR IndeRendenk Huhean b esad tegether in any
cqimlmpa)&ms Temes emb@dm#wdﬁh@ﬂnveﬁfdrpérﬂbneg all @H?eé/ 9b54dd & the

sh nmenory access oper ations t hat wor k

mg 'ﬁ] ®nction with various | ogi cal to physi cal mappi ng

and status information stored in the non-vol atile

and access. nenory, and may allow one or nore of the
AR T SRS ZBEke A1 1 s afiteeasp in whiskripgienl Glocks are the

sape (redizenas phi/si%at !ﬂbd:HsS(BQd stoRetheymeendli o G8dr RRY erﬁe of
e

are substantially utiliZ

e’fpéggsé%r"\"%ée H%%?fstﬁag EV anexgeth & arpbfingsalse &9 thg qaggircwihich logical

bIbd:l(Eéth@WslbalSdlm:s &réJbﬂJcllﬁérbhb/sxﬁs bk g8l ofRFRSH m&r@ fogical biocks
bl ock to a physical block

I
e R AR N R —

e)pﬂamectatbovblab@ Kotdswden M&i@@lubno?lgﬂ ;b?br?lg§ ?(F))d ?ﬂlﬁe\ﬁ?%? ISlé‘)ésucal blocks,

i ti t B I b
ofishiSeh sele i eied Boes o Eqrospanena adeet shusioad
differently, the nmethod does not require mapping a
ysi cal page within the mapped

| ogi.cal. pa
‘”p%‘&iffl"{?é? &lﬂqﬁra%(??ec é&b@ﬁd?\fﬂ"@% dersihed phoye dhayiegent invention
plpbysastm:lecmag@mdd@ dbpeNMSrrmﬁgEﬁon Vdlatfie MRSHRE R é’d&s& Bﬁeratlons
thgf'y%ﬁg O[F) '?{C%ll cal, ith olcksl to be fully and efficiently
RECHFCUBR JENRTIPES 09'Fé'&a@8&8*%%@%&9W@eand&tatyag@rmanon
stomulyin dhEetark-voldtie Fapdoinm R2esOmBmoS), ¥ad h%y%‘lgﬁﬁorferd? More of the
| nal2 bl ock .t new bl ock, and reduces the

f°ﬁ?‘%@8é% a%‘?""}ﬁ"ﬁ'&?‘ﬁg superseded bl ocks for erasure,

resultlng in inmproved performance and reliability.

Flfsﬁlcon?ﬂ%'\%tg %gtgre 1}1?51 $§ga |6h%§\yf1erglloy(l: ’?He p%?/g%alaga%eg %?%lagged
physical block(s) are substantially utilized for storing user data. In other words, for a
logical biock comprising a plurality of logical pages, the logical block being mapped to a
physical block, substantially all the physical pages of the mapped physical block can be
used to store user data when writing to any logical page belonging to the logical block,
regardless of logical page addresses. Said differently, the method does not require
mapping a logical page to fixed physical page within the mapped physical block(s). Page
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ot her | ogical page, since there is no fixed | ogica
page to physical page mapping. This avoids the

wo eguaiossseent of all ocating a new bl ock to storBCT/R€2006/000345

user data for |ogical page updates, as would be the
case if |ogical pages were to be mapped to fixed
ppihiess idattify Hpesexivobysical paddsaolbe virittehhEhiseethod dllowy Sedsages of

PRl B £ R B P B pr Wi 80 A umber o
Pege adrlyi apkediohsrequitedto frz)'vea galtrc]hﬁgl@e?»rbm S bwgwtd 4 h&m block,
' iated wt ica age usi n
o VB BTG e priefed PofSler RO fesina
impradeshpaiocmascarambrejiatiiig. t he rel ati ve order of
progranmm ng the pages wthin a physical block, wthout
havi ng to program and update flags in superseded
Spbyrsily apdaieg esthesantedugiog phge eciardidd e ssmewiyidd vdlliig to any

f e .blocks in t flash . .
o BRESRINE, Sabe RANER B SRS bl PlhalE . i
avgidsthe réquipsnash btalloshiingsa héve binpkt@btoenthb asetddatc fagical page
oBe 240 P BT 100 R S 0B ) B
PEgrs witiliya blockeffurterobre; & adoidg haviog tacopydinplupsisedéd pages from
tl%a&fiﬁpa]il gl&a?{oatmein uleoqo&y using the contents of the

0

non- € random actess nenory and a volatile
random access nenory that keeps track of the nost

i ' b i t hout ,
THEAFTA 5 ST oA TS e L e poce
aprogisded WL & kdgical pagely using b:comEinaac_?_rr\] b&etamtp m;tjoifs_On ﬂﬁ]non-
S, e, contents in the
o B PHeeb T B R oD SR g S i
alpbysical bldsk ouikhduh bavieg o pragedaricoupdzye fiyssin eaperbbdeaiphysical
oBPERBEnS RSB Al R B TRISE gt B BRI o s
Misinu kST héer avoidsotstving additiopal progriamening eteps lé@u;bdwe ﬂ@r\/\éhich slows
{
oSS, S ek ARl PR BT 308l e
cplirderkto mainibindine halue ohfregraofmipgge writes that can be
performed for the |ogical block before page copy

operation is required to reclaimand all ocate new space
Fperthly,.e matod wé caading pregramimredsfysichl padeisss estahlished byusing the

' ' t] Jth b
S8 v, DA RPH R B g Do
meimary that kedps tacktal theohostaedentinysittea bhimicst kagsnumbers, without

TR TP bR Boh LGSR ARG 1 physi ca

bl ock can be updated nultiple tines with new val ues as
FHP]E/, Qllé)g%‘al BV)%I( €an BQ rn?é‘b%gd ké ﬁot%sft fo%é %ﬂ% twsotp gf?:al(%)floclij(g%e
contents in the non-volatile random access memory identifies whether a logical block
has been mapped to any physical block, mapped to one physical block or mapped to two
physical blocks. The pages within the two mapped physical blocks are substantially
utilized for storing user data, regardiess of the logical page addresses to be written.
Mapping a logical block to two physical blocks doubles the number of page writes that

can be performed for the logical block before page copy operation is required to reclaim
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such as erased (free), used, old or bad. The use of
the non-vol atile random access nenory allows this to

wheoopesdoos med efficiently, since the | ocati onsPEr/8G2006/000345

random y accessi bl e and has the properties of allow ng
mul tiple updates to same status bits. In contrast,

aﬂ@élﬁbﬁbﬁie%p‘ébé%fﬁuﬁtﬁéfr BEFEWY, ITefRIE Mhid rdBBRORN  fulther
es of flash menpries (such as nulti-state cell

feﬂbé\%@”f'XE%P FRRYANEERPNG: thereRy furthes incerasingiths perfarawagee of the

sysfgp@sed on updating same or adjacent locations in
overhead data. Seventhly, |ogical copy operations are
used to copy pages fromorigi nal napped bl ocks to new

SRR & Na16 I 8dchhifBichiNFodkag %n‘ﬁﬁunb&" ?n Mﬂ-\%leﬁﬁ’é rdﬁ%@ﬂ%aess

bl ocks are fully utilized. This fect of
MEMOBin TheR et R érsmé‘éig@’t@\ﬁﬁ%at?%wtﬂhé H‘?W%i@ﬁ&@aﬂ be updated
mbltlpl@’{ﬁﬁés w@l @gw DhiMes 41@e %THH(%%IE@ 'Ehrb@gélﬁ@ &rdrenth ARG ot uses,

wer off power on wher e art of stem
SLFCﬁfa&reﬁ%fi% e@s UP%%tO'd er@deB% e Of the @ﬁmveh iigdgfrdom access

m@@@ﬁy Alos'taik b 9Brfé}fne|d%ic‘i@f{tlyt Snding 'l&%hor’f@&@'ré]t%d?ﬁ? a
hot h ysi cal page overhead, and has a

acsepehle aﬁ@“ﬂﬂé&%@@%@?s stRlwiRgpiiiglesRdpieRds sarpe status bits. In
canr@ky deﬁalﬁb@ététMs anbrllﬂaf'@H Iﬁ JURR @MHRAKHEE I YIind @Peé‘&%sﬁs

to the sag\%n@‘ﬁ g{ ief Description O
BNl FRICORS | feﬁfé’fes%@ &Nfeﬂﬁ%weer@ﬁ@ﬁ ufaugéaw Yasiogs Hmjigtions
imfpRkbd 6H UpEABhgRRINY brit@l-Ruht 1I88&tioAs i bshday ddifli M ng t hat
which is regarded as the present invention, the
advantages of this invention can be nore readi Iy

Seametly,dbdiesd cﬁbpﬁﬂ)érﬁﬁbrfs@ré 0¥edD B %ﬁgé& ﬂré’rﬂ oﬂélnhﬂﬁapped blocks

i nventi on k}’/rwen read in conjunction Wt
ONERLORBERRA PECIPAMHEe PROSIHPIRe omigﬂr@appeﬁ@ogka RERyftiyrbtiized.
THibaYé B dricas b ABWIGY Ui PabE Aritddto tBEE nRPREd Bioek‘(% i's
organi zed into a plurality of pages. Figure 2 is
di agram of known flash nenory controllers and typ| cal

Eightrdy; B cdntendsSs Ebl@% Rarkfle bewar 6Hf A FoWsH WIS Bafk lREHR

nmbodi t of the pres
YRR I PRIRIORI P b 66 PiegoR eyaien mases RovbIp EtbTtoRGdogical t

lﬁgfsndahﬁhaﬁbﬁﬁb eet=NWBOY IVRARGrRITdicER e kRS, é’rﬁj He® dscheme
ome partitions of the system Volatile RAM

a
oSO UGk THAANG 31 QRIS s oG 3P, 1B rpegmstrbtion for
uptefiésionte amegbdied phge.physi cal bl ock mapping structure
(L2PJTABLE). Figure 4b is an L2P__STRUCT structure,
which is an entry of the L2P_TABLE. Figure 5a is a

BaeaRadribiad & thoDral@hdsi ng a secondary
| ogi cal -t o-physi cal nappi ng

While the specification concludes with claims particularly pointing out and distinctly
claiming that which is regarded as the present invention, the advantages of this invention
can be more readily ascertained from the following description of the invention when
read in conjunction with the accompanying drawings in which:

Figure 1 is a diagram showing flash memory organization, where each block is

organized into a plurality of pages.

Figure 2 is a diagram of known flash memory controllers and typical internal blocks.
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structure (SAJTABLE). Figure 5b is a SA STRUCT

structure, which is an entry of the SAJTABLE. Figure
wWo007835%24 hi rd tabl e functioning as a | ogi cal Peme62006/000345

physi cal page | ookup table (P2PJTABLE) Figure 6b is a

P2P_STRUCT structure, an entry of the P2PJTABLE.

:
TR < h 208 UM LB g v

PIFSBRKNMGNEPs state transitions. Figures 8a, 8b and 8c
FRARYGY Bl QoI B Cpea?iaﬁahg 9 ﬁnte%p&émqﬁvmmg fm@émtab&mém

LBN. Fi gure gi ves structure of

FWHH%WS &rﬁ)@ﬁlf@@ of same PaAHions §f hesysiemd/datile BAM ef the embodiment.
Figugs/q£ lleﬂirs$ taBib B aSMiIRY é’fog@:aﬂﬁ)p&iygﬂalf%ck%ég%ﬁé élﬁ%t@f}e

physi cal block to a | ogical” block using entries
L@f\é PREET and P2P_STRUCT. Figure 11 descri bes a wite

FRIDAS B isQih Lo sTRUeA! sth]cﬁﬁl‘ @hlcﬂ Bgincéi‘ﬁry lBfHe
L2P STRUCT[ 2] ' and P2P_S 2] . gure 12 escrl

FioEs PRl shcP %tagﬁefpéﬂéfmm 3 semdﬁml@@wlﬁ@pbw@al mppmg
si@derei(BAATABILEYRI Y physical block for |ogical block 2,

L2P_STRUCT
Fiote S P &é‘%ﬁﬂ%ﬁaﬁ&t&% eI BT A AN B BABKEI i ng

Figard %B%trg}%fgﬁglzd 0?%?&@%35 rpg)?%u%l page look lookup table
é??Fg«ZTr‘é by rewiting | ogl cal block 5, |ogical page
FRiufe &5isnOPAR %ﬁm&@tu@n% Bﬁt&oﬂ%& Stagftgure 15

|St7e of rewiting |ogical block 5, Togical
Flgliers 4. Phage 7e iR U e InpfoatnpiRios] Diaplestatus (PB_STAT)
to@%meﬁwﬂsﬁ&al bﬁblgfawsléatéhﬁh\ﬁ@mbw both physical bl ock

are allocated to logical block 5 in a

6
i PBanade ﬁaomwl%rﬁwsqnaamag sjatesTRadTgicy! block LBN.
F@uwg @ived degilddarRaERt 8 18h Wehloh ShysRal &egje%égd iRt Rekhead

ages 1-2 with two physical bl'ocks(2 and Fi gure
Sti B"‘s" a simlar exanple of further witing to | ogical

F@u@@ FKO Y an@@ﬁ@l@of% IWab;B'iné Yl&r‘ dﬂB&éﬁlh& alphbdies lfy'fbc(@o aANGGi&d! block
ating new data to
”F'Bg GEHPS of Q%F&—%' RLF% ?E%PZBaEEgU

Figure 11 describes a write operation to logical block 2, logical page 5 using
L2P_STRUCT[2] and P2P_STRUCT]2].

Figure 12 describes the next write operation to the following physical page in a primary

physical block for logical block 2, logical page 0 via using L2P_STRUCT[2] and
P2P_STRUCT[2].

Figure 13 is another example of writing to logical block 5, logical pages 3~5 using
L2P_STRUCT[5] and P2P_STRUCT[5].

Figure 14 follows figure 13 by rewriting logical block 5, logical page 3-4 using
L2P_STRUCTI5] and P2P_STRUCTI]5].

Figure 15 is the example of rewriting logical block 5, logical page 4 three times using
L2P_STRUCTI[5] and P2P_STRUCTI5].

Figure 16 shows how both physical block 2 and 6 are allocated to logical block 5 in a
controlier using L2P_STRUCT[5] and SA_STRUCTI0].

Figure 17 is the example of writing to logical block 5, pages 1-2 with two physical blocks
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- Ao

Figure 20a is the exanple of |ogical copy of all valid
pages of logical block 5. Figure 20b is the system

watooaosssees after | ogical copy of all valid paP€FsSG2006/000345

Figure 2la is the exanple of |ogical copy of all valid
secondary pages of l|ogical block 5. Figure 21b is the
(§gﬁggnmstructures after |l ogical copy of all secondary
pages of |ogical block 5 Figure 22 is the process

Fiougni & lsdrsimiiarrexests ofgurthes vriiing dmtogivapblosigs stegee 2fowith two

i N. Figure 23 describes the wite

pg%%ag?i%l% (?o%\dgegi cal page LPN of | ogical block LBN
Figugrut @isdae epeapip I9é updhaiing mewedasa tsf logiealdilenk 5, dagjicsh bagrsde3.

" e baD Ginide SF gk op D SaiheEREY IR,

Figugru2 @sis #Basysian shineuzsaites logicph enpy of afl valid payast f or

- t.h .
P o Sk ST laRR PRy R Ao B blook .
Fiores 31h ie dhesmisérin sisnetyrearnftenogitiaheampy oball seeondaesages of logical
biog¥gntion will now be described. The flash nenory.
systemtypically has bl ocks shown in Figure 3a, and
Fidyes 22 lSrté% pOeashipve Cearbinr seasting the coreidhapping siete fgi leginal block
LBRe sanme reference nunbers as in Figure 2. Al
el ements shown in Figure 3a are the sane as Figure 2,
Figeep3 deseibes Herwite parptign th obisaknagey SN af IngFNlaois BNy
. .. oy . '
2 b B ot iy SaCalP Rl A B e Hoo 1B,
Figspdh epcriaps Hierplippation of secersiary kipekeior Bgical jockpkBNi ded
e e b el Pt oL GG page o
PRyt prgemagpinginidogieal bigskil&hal |y, the NVRAM nenory
devi ce 23 nmay be an external conponent connected to
the flash controller 3 via a dedicated interface port.
epaiied b af hmbedimetisent is to assenble the
flash controller 3 and the flash nenories 5 into a
singl e physical unit such as a nenory card or a flash
r%@,d"a@m of Hie prasest frvestierowilimewHssdestriped. gTheaflash memory -
| A
el PR WA O I 0T ey P B8 RS Ring clpmepts of the
epToedimAnt RIRVEYRN Bir SRELR efrtenasanumtisesias ingFigre 2 AW laphdntg shown
irPFig0fcO3tdre tSR8imE ag@iqwé’@, é%fcebﬂﬁgﬂﬂétte i8 iR Laidnal § &Fm NVRAM
in"the formof a highlyintegrate anl I catl on-sge& iC
MRy davieei2 incemarated e the flash contsellesin &igwel Barthe systers
by ) ot T
N&EPRA98 s e £885 CB’t’rJﬁ%{i?]rﬁ with[MR8 'ﬂ?élfp%@ionﬁre érjhr)élré gé&lded as

the ASIC, together w e externa

pﬁmﬁaéin@lﬂw%rﬁw Fiecuitamiehyalsg itegpteatite other gyraneals of the flash
cBRdIRE 3SR/ Bptionally, the NVRAM memory device 23 may be an external

component connected to the flash controlier 3 via a dedicated interface port.

One possible form of the embodiment is to assemble the flash controller 3 and the flash
memories 5 into a single physical unit such as a memory card or a flash drive, and the
interface to the host 1 (e.g. a personal computer) comprises a mating physical connector
and a socket. Alternative embodiments of the present invention may include embedding
the controller 3 into at least a portion of the host system 1, e.g., in the form of a highly-
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and socket are not required. In this enbodi nent,
further optimzation includes sinplifying the host
wo paoefssee 7 and potential sharing of processoPCL/SG2006/000345
volatile RAM 17 and NVRAM 23 with ot her functions of
the host system The present architecture includes a

integrevedt apdiicatiqorspeeifie mttégraté@ deUlﬁg(A(HPCP ieslidrcdresthbddirasht, the

rﬁﬁ%osdgg glgstg%ﬁgrg%)g?rn éj ug(ﬁéra C 2 Bgr,w tF% &§|&qzs %Q%Qﬂé’v'@dﬂ? external
flash enextor@sgorman dogeoltiel hembgssysierm lahf ltl@p@é@a%&ﬂxr@ ®hector

tify
A Rt B AU R P R a NG SR FeliopRaiiabpsimplfying
tha Clostenterfade and ppleaiig Rl oﬂ;ﬂ@cé&bh%j&o@ﬁlem\ﬂ al7iafl NVRAM
make use of a nunber of

ash controller
zcﬁg%?tﬁﬁr é’f"?tff’crﬁﬂ?&ée %?t%f‘r uctures) stored in the
NVRAM 23 and t he voI atile RAM 17 as shown in Figures
ni ence, of di scussions, they are

T RS Ao ReEh R SATTheL o ImB S peT e Aottt
fieRRR PhYehil BIcbR Gnd lphysitee pagir%uimﬁhmmn, irh BBy G- &Qﬁbnaﬁé};eeds by
ar e

and PB.,TABLE
o R TS RS AR € Sy b3 STHte PR OGRS for
various bperlGrRaNhcuding elentiyimt Ith@rrBéMecémM\hﬂtéh é%%@ Rbntaining valid
deﬁ?‘oodi ment, the page | ookup table P2P_TABL 06 is
0

Stored in volatil e RAM whose contents are | ost on
power-of f. The L2P_TABLJX 100 and SAJTABLE 102 are
te of all zero

| d |
T8 BBl &R iete e, metiofs Shieriaian Gine fasbrecpBou anake
sy tagmanibeir ngmapﬁldg sooctaey (dete @tra@l?}ds? afobdin tm]ythM 23 and
t or _no or an

tnf RRAERON 37 e8 sBBwh gﬁg%éaaf%@q R U M
thay aser qadiyd O2P eTAeBiHm 80,r3X_AABLE 102, QBAEE\BLSgBWQEd @?-Ef‘BLE 1086.

Fi s_a table ,
B G AR At IR SR L N W
N‘SSFKRM(Whl\bLtBe asgel bbElu;b wrblelblTEFFng!LBLQ:S1 Geis @nﬂerfdvore&’%&fh@m}mm/l or

I ai nin n array o ,
Bl ARGt BB SRS TR o s e TamLe 100 e
StORR iSTehNE REGO whosd adrsnta arealbsteah Mwé?rhdﬁ: entries of
fields SRC_ MAP 170 and SRC PAGE 172, as detailed in

Figures 6a and 6b. PB TABLE 104 is a table containing
TheenL 28 I TABLES 108 MSTAEESMTarbaﬁnamu it @ih it Sftd ¢¥rall@Bros

BRI mRb R GeviEubidion Moty 4 pABoRRea 0T any
ussf aapilcahmrayvmfh dRfRsEIRISET aih 26Hidl lstgé ofho iappiy freal logical

adtr 9%k, meppi ng structure) structures, each structure
uni quel y

L2P_TABLE 100 is a table containing an array of elements referred to as L2P_STRUCT
120 as detailed in Figures 4a and 4b. SA_TABLE 102 is a table containing an array of
elements referred to as SA_STRUCT 140 as detailed in Figures 5a and 5b.
P2P_TABLE 106 is a page lookup table containing an array of elements referred to as
P2P_STRUCT 160, and each P2P_STRUCT 160 contains an array of sub-entries of
fields SRC_MAP 170 and SRC_PAGE 172, as detailed in Figures 6a and 6b.
PB_TABLE 104 is a table containing an array of elements PB_STAT 180, giving
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addressabl e by a | ogical block nunber and associ at ed
with the | ogical block. Figure 4a shows an exanpl e of
WO b@7o2462T ABLE 100 t hat supports N | ogical bl oBRESG2006/000345
nunbered fromO to (N-1), which is the |ogical space
of the flash nmenory system accessible by the host 1,
infotrogtjoni dn phylsisgi dedk dihtas kas detdiRRkn Fduess of arriidy, essabl e
space, the |ogical space of the flash nenory system
accessible by the host is (128K * N). Each L2P_STRUCT

Figure 4echbwi adirstidlte oaltddd®Pt T ABYE 00 @@h%@ﬂay lot szk STRUTE 120

bl ock
(Blral EheBRE ST T s et fres. B P agty
adgirassablke dyisclagicaldibiokssintber angAxsickabd i EH@S§g|cebelock Flgure 4a

st aMERERIES 15588 FHERLE el sibbonS KB iapier apbered

frapBQ to Nt ggvhlcidsd:liﬁ Inggaltslpecmpm:?@?h )’rmﬁ?r:ed?% zy)e(dtt@? La@@és@ib'le by the

e s PR 6RO 2o PRSIt SooreSasblaraniye i kel space o

th@flatﬁkmemry Mtdmnecwsmmrtw tpagllespsl '{ghsg* ). REchPEP¥_StrKUCT 120
0

oo g il B B8 5 e o BRRES b

th@theQE’ﬁaTBbCTdﬁalalléwseﬂ'té)cohltrowdo translate@ giPabgigaladdress to a

Pt @Rt A B opeSRreb o PREEe RO P 102,
P@lh?AGEa134bdtr@bFRlBl§PHNnglé 186i Hemed for storing user

data. In other words, for a logical block conprising a
plurality of |ogical pages, the |ogical block being

nﬁpm _MAPa132hiy sacciatiichtiractke rﬁaﬂiﬁﬁ@t@bdl; gﬂbtlhy lok@ﬂidal blBsk; d
nma sl ca ock are use
te S EA%&‘H&?&’%%MW ﬁ@ ep PhyFigal Page todte Weigan in the
beI QTigharg physidah Blotio afted thblmﬁﬂsary pegapsthees of | ogical
pag dghg(s Ie_% The prima F‘) BOI nter associ at ed
ﬁ#t?] é 4B IR TGELP"F@@hP Yﬁl(‘@é lople thakistmastppdite Bie logical
pagaol@rfk bhe primary physical block to be witten in

P e to witing any |ogical page of the |ogical
brocigs'f'ﬁg ISR Cﬁﬁﬁﬁtoé‘rccidﬁt(%ﬁptlc’ﬁé”@*fﬁnt ed to point

"to the next available free page. In this nethod,
anme | ogi cal page are handl ed the samnme

at to th
\%ﬁa? S?wﬁpmé aﬁw'%y'osk FePhysid Blark(phdie, Lab STRUGTeTR0 is
dds@n@@ té hcRdall m@lﬁh%mé} %ﬁ@eé 8t @BM&&ﬁySBQQg?d@ kb BY uﬁl@eﬁ for

I | ows ges_of si"cal

S ‘iﬁe&a?ﬁar Q‘éﬁh‘%rdvo%%\é%r lopicakblpe eeprisigi an@umadjty of logical
pages ftae MdidaeblotkBeif RRBREA & 9%9?31@&‘? B)bcf? %Eé’ttah{i’eﬁl aﬁl ‘B‘le physvcal
nove \{1 alid d%ggﬁs from original bl ock new
Pages okine4n hg@gaitbﬁ@kfa(%b'g%’@st@rp Lﬁpg@a’ta} yhen wrltlng to any
logical page belonging to the logical block, regardless of logical page addresses. The
primary page pointer associated with the logical block identifies the next physical page of
the primary physical block to be written in response to writing any logical page of the
logical block. The page pointer is then incremented to point to the next available free

G?

page. In this method, updates to the same logical page are handled the same way as
writing to any other logical page, since there is no fixed logical page to physical page
mapping.
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superseded bl ocks for erasure. The result is an
i nprovenent on system performance and reliability. The

wEao703824ield is used in all NVRAM syst em st r BCT/S6BHD6/000345

for error correction in case where the NVRAM 23 has
limted wite or read endurance. One exanple of an ECC

Tﬂaggnéﬁaﬁgdl glmﬁgh@ Ba%és <§f outt%cg(é CEE@W&M%% %or sd%g% writes

bef@r@ gt OeQ?afeffaH@et'rw cwsurml@g éwm@@eraélon@m::ve valid pages
fn’émférlg‘ida‘? Blockt & a k&R eFé%@G %Idckf &DOFISA '\;b% é@ ﬁgg&@ﬁ%‘f Elgbmg

For the |nterest of clarit
SHRABeqsF blogKe forekp e mh@gewmsml@pmy@m@nte@w system performance
afd BSRel nt di scussions. Figure 5a shows a second table
call ed SA TABLE 102 of an array of SA STRUCT 140
(secondary bl ock structure) structures. Wen used, an

TRAESTEITHdd @ (e élpﬁﬁ’ﬁﬂl\:g%ﬁb%rﬁ i@k l(.:l{l%t lf%rfo@'c?ﬁé&faﬁ in case

V‘%o a secondar si cal In a ion 't

ph
PrenRe N YHAM ?ééi‘las imied Writenprsrepd endirangp. tGra exarmpigptan ECC 130
rApleGk I
o, ST i S M5 B g0
%ﬁd\éﬁaﬂ%o t UDHmEehgnaurares @rdl itsgnsuiance ia @aenmﬁymftmm for the
ubh@clite QQ!H\Un@@rnérg%yﬁHmbﬁbr #k nﬁ@%@t éﬁ”dletrﬁzs NVEBAM B P80 will be left

erforned for the | ogi cal pef or € page copy

oghuhen expipiniag pysiem ISEHCWEPSr‘%@P%?WQWGﬂWB%}@m e new
space for further page wites. This further reduces
F&yge Co oper ati ons resultln in further increase in

¥ 9 PARATE dablaqaltss S FABLE R of @mprrtayed SASTRUCT 140

P.15
éldsc:gh% Eggk %g%tlé@ﬁéﬂ/dc%rei Wheﬁﬁsgﬁ‘% éﬁi'g%ﬂ?&%c %%E&nbes a
MRRp NI 7 Ipdical biogly tq ﬁéﬁ%ﬂawymﬁ@am@c& i dsmnmmmnmary

pﬂ;fé?cdl BlodR. thls ko Sy MAPa Jogica'i Blbék mTﬁgége&éQMb%hy&@Q blocks

i S unused.

by Hé’“ﬁ\gﬂ“ " 'e%"ﬁ?ﬁ-f%%ﬂ%ﬁf@@twf@ ape &wﬁ&ﬁérﬂﬂutg T ffestructure.
I\&@pﬂ@@lbylc@lw&dm@kwﬁb%m Bl%bik gsubidiene %ﬁ%@ﬁ& ag)%gﬁ’ntes that

he secondary phy

nt er
, CEW‘ bé ey Feiiqgical blask Pai%e PRAS @RY OpPE@iiRN 1s reqwred to reclaim

I
Ly gt ) B O

OB ‘P%/reﬁﬁlﬁ'ég dHRResincrea® '§é&%ﬁﬁ@d}%f0fjﬁ@lﬁep0| nt er

identifies the next physical page of the secondary

p ic@# g_l_?ckto be witten._ This allows all the
‘Aﬁ U 40 comprises the fields ECC 150, SA_MAP 152, SA_PAGE 154,
SA_PHY_BLK 156 and SA_LGC_BLK 158. Here,

* SA_MAP 152 (secondary map tag) is a tag indicating whether this SA_STRUCT
140 is used. If SA_MAP=1, this SA_STRUCT 140 is used, otherwise, it is
unused.

» SA_PAGE 154 is a pointer to the next free physical page to be written in the
secondary physical block, called the secondary page pointer;

e SA_PHY_BLK 156 is the secondary physical block mapped to its associate
logical block.

* SA_LGC_BLK 158 is the logical block associated with this SA_STRUCT 140, if
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the secondary physical block to be fully utilized,
reduces the nunber of page copy, reduces the frequency

w@booplosssesrg super seded bl ocks for erasure, respCT/BGZPO6/M00345

i mproved performance and reliability. (Wth m nor
changes to L2P_STRUCT 120 and SA STRUCT 140

st r ugauRp=it he page pointer SA_ PAGE 154 may be

om tted, and one pointer, e.g. the PRI _PAGE 134 field,
extended by 1-bit, may be used to indicate the next

dimnfs té’mé%rﬁﬁﬂry EQ&E%OIhte? the sdcohB& rgep?ég?g:‘aﬁw‘ijer%%mh? {P‘ﬁ ekt

OlntStO page 1 |rstpysc
P@X@l@&i dage @ﬁ the isgcondaryt physicak oekgo depuiiteni fihis ltowsealbihd pages of

tiﬁ’éﬂé’é“‘doﬁ@é% UC%%%l )olo-&@% Be fﬁggﬁl\}%fﬂ allelecéasaﬁgb?\hh%gr &"Hg{ﬁgrcopy,

requceain frRaveeey foplqmws$ttp&rse§e@ blosks tor lpeasaltd, vesuiting imsnproved
peRBFarkh %aeé;.amngg bﬁrth IRy 'cH&qog‘eE% @b%*rggc?ﬁzb%d

ppi ng t cal ress space.

S%MySI s n’pﬁogs%@féwgs e pagsi @mte@A.sﬁmEm Mmm(l@aa@mtted and one
Bt €O PHF%EQSH'?@H BReh @ molt H’E%@bﬁﬁgeﬂo%&&m the

can be al l ocated for use as seco dar
ng&ierephysical rager iee- df e SxipngBe pit 0, EMDMRM pagdin fir$te1h|y3|cal

btk ancSr ERBINA8S o Fyﬁ'uﬁ?&}mt@ P& éac’%&a@gchgget?énld.cb m?%hg‘% pladk)

use as secondary bl ocks. a maxi
nunber of | ogical bl ocks can each be mapped to two

T%Vél’s‘@@he@'lﬁ& ﬁt%lted"h&rhb& df @AaLST fUdTSI L?Qedrlh‘ %@?@eﬂ\fsrgbas to limit
ysi cal aV|n? been
'g? “1%'@1”6&!‘“"6?%’(9( ghysical ploals ﬁoc@ a"pﬁéted @atspatel %@rag@ylobles leaving

tﬁé’ﬁ%gg%&g# ého ?‘éf‘?'éﬂ%&ﬁf{“@@'”ﬁf" Ie@G A%U%/gs?l é f bI ocks

for use as secondary blocks. The trade-off is that if

ﬂi@e@%ﬁﬁ@éﬁo\&é%lf@{;lﬁ ﬂ]@*mﬁh mlé) e Fﬁ@{re %Fg rfraean]mg that up to

storage, It w [1" resul t | ess ySI C

q%ahvﬁgcai Blogiesandie %l'@é@'@é iorsH@a@é Sewmlowlmweraigf there
dr& 81 iR o oAV SfF‘iUd:ﬁghﬁ QherpiJﬁ’Fd‘S nﬁm‘B@PB@‘}l u-ggleol%cks can be

enbodi nent maps a ock to one Si ca
PpeaiRGiopusy %F%C@Déﬂry qkhén hiacesew R MRdMuRsES raumhjar of logical

b?@ks%?eé&%é‘ inghsePD tﬁvelph?éégil bE@%Wﬁ Lot 98} a??ocar{?&% of

i S unmap . e. been

WS'P%J@'QS’EEF h%\rlraﬁzkeerpwocufépiqr the Bawindgr ObIOG@RI hlgcksapped

to a primary physical block; PRI _MAP=2: | ogical bl ock

IS mapped to both a primary physi cal bl ock and a

g e@&ﬁgea#gﬁ refieranaybeeqnfigiaresip hwamewmbej HSA_BFRECT 140

a%@'dﬂ@cé?é up td EHeEBbRding Adhbét df ﬁﬁ%ﬁy I bmcﬁgﬁr u§ﬁ§§‘r§§€oq1d5& blocks.

_|1vvo physi cal bl ocks: a prinmary sica

gy@g@qagﬁys B'ﬁg,g tt}%ysggn@) gRes nraieghygigaldaecks for spare storage, it will

result in less physical blocks for mapping to ogical address space.
The PRI_MAP 132 tag indicates how the logical block is mapped. The embodiment

maps a logical block to one or two physical blocks as indicated by the state of its
associated PRI_MAP 132 field as foliows:

» PRI_MAP=0: logical block is unmapped, i.e. no physical block has been allocated
to logical block;
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bl ock will then be associated with one SA STRUCT 140.

The SA LGC BLK 158 field of this SA STRUCT140 will
wa@oeowasss24 he | ogi cal bl ock nunber which it i s PCT/SG2006/000345

associated with. In the non-volatile nmenory system of

the present invention, sonme |ogical blocks may not be

MIPRSE (VER’:JM%D_ % hGal n%q'g pped
to one physi cal %lgél@ @%}R&éf)‘m an Bg%.gr?réeél g%@?al

bl o cRBI_iVA\P=12 lagigaplldcht is mampeghy Hothed piiharykphysical block and a
(PRIﬁ?%ﬁ’— . : ne tine, the state of a | ogical

bl ock 1 sdﬂgg%'%%g%gg’ a set of associated system
structure fields stored in the non-volatile random
access menory, which is terned the current mapping

state. In particular, the current mapping state of a
AP5Y4iNMAP 18R dek hindngle vaiuk ot insicatesthass tgiicat ibidck is mapped to two

PRI o PG AnRte HP Shd € Benpriga rgob 168K, T poica
blpgini thesf be agsosiateSTItiCTe13N_AFBUCTat40d Tine BA_LBCSBLK 158 field of
I e S B T o o
(if any) The above fields describe: associ Iati on _011: _
AL R0 S oD 3 BN AR gl B ey o
bes @@Dmfgﬁﬁipﬁiﬁ@l—f@hlsomed@mqal blocksynay heohappad tb one pbysiest block

oa g = o
(PRI 8R0S L Bk Rl BETat 0 O b8 LBy Esigas,
(AR8gMARE2DI ock LBN and its use for wite operations are
expl ai ned using exanples in Figures 8a, 8b and 8c: At

the state shown in Figure 8a, the L2P_STRUCT[LBN] 120
Aleaityranedima, 2ire) satL ¢f allogicaltbinakds thsdribpebliarseCol asdocaled system

g VR Skl L poBAbhp YBRRAR oo oo Gl e
ClyREE Bepping state. In particular, the current mapping state of a logical block is
described by its associated L2P_STRUCT 120 and SA_STRUCT 140 (if any) fields:
¢ PRI_MAP 132

* PRI_PAGE 134

e PRI_PHY_BLK 136

s Sl (index number of the SA_STRUCT 140 associated with this logical biock, if

any)

e SA_MAP 152 (if any)

» SA_PAGE 154 (if any)

¢ SA_PHY_BLK 156 (if any)

e SA_LGC_BLK 158 (if any)

The above fields describe:
» association of the logical block with a primary physical block, if it is mapped;
» association of the logical block with a secondary physical block, if any;

» pointer to the next physical page to write when receiving a write access to this
logical block.
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At the state shown in Figure 8b, PRI_MAP=1 , | ogi cal

bl ock LBN i s mapped to physical block B, and the
w@eoommsss2page poi nter indicates the prinmary paPer/862006/000345

Witing any |ogical page of LBN will store the user

data to {physical block, physical page} of {B, A}. At

the state shown in Figure 8c, PRI _MAP=2, show ng that

| ogi ca] black LBN i o two physical bl ocks,
Tfﬁrﬁargptmsn@;gg glgtes gl a&w%ﬁim iFSSHOB VERI OnsFasiors are
explaireadisirideexafriplaariy FRASR RQightek dendi cates the primary

page is A and the secondary page pointer indicates

that the secondary page is M An SA STRUCT 140 entry

0f 4 tH\Blafe IHdwniin ¢@&9@8@Mh§l.2ha§'l' P?IQCH?L:_?I\{JH 8b @ntr}/1 of

SA_ BLK=LBN associ ates this

| ogi A hPbEK COjstatesinat %Bbﬂ\éAPvQ mﬁcﬁf@‘ga‘h?t |P§'§?lctéq>°kd6§ﬂ3

of Lphadpel, isd. Qﬁ@l el Me&k LIRtAs het ﬁéérr‘nyaﬁlb&ﬁlad B fKical block for
physi cal . page} o B, Al If the PRI _PAGE has not

r eacdREERLNs ~ maxi rrum value (roll over condition),

I 0di gaké BGtd HRfwntif ?fg%ré §b "ﬁRl' @%@10@}?&%!5@{ &1 fselﬂa%:%ed to

physi cal page i n physi cal erw se,

L BN RRypicaldiock: B aag ﬂﬂ%pr{rﬁwgqa@a|pomt@cmdlca¢¢§/medqlmqmgege is A.
of {\NntlrM anﬂo@i@&epabg of DBNW?%ﬂ@f% u@Qb’@d‘c&E& @lygi \M%’ bl%ck
e above sc

(Note t in a variation o
i s aqréfé'calrpaéﬁbéfdﬁnéht of the invention, there may be

add' At R0 8lasd> ﬂoaa}mﬁ Jg@xfe Bap Rt R’/%\‘Pizt &\dvﬂ%i fal Eﬁé:gfsblock BN is

relative time Wit es
secdRarRed tpriye physicabbleelkss primary pixvasiesl Rock |ahé secondary physical

PRI _yg¥iad, éﬁ&h&? @?ry}fﬂ?i%(e é)%ﬂ'ggrsin&EatEQ%efBgH%g$agé %Cé ancgl the

are witten ear K ages
bl oc3ecordary §ags Peirder oraesihgt t enaemmderytmre iphyde $ASTRUCT

the cecaRgal 6D *r[&QEE 3p8 |rYéfeh<E8 B? S?ﬂéw'\gg{hetfﬁﬂpsﬁ\ h@G‘?a@B%—LBN

in the prirmry esent I SCUSSI on
pos sﬂﬂfa‘P@a\?éﬁh'atSPoﬁTBb)CJ M40t wigh mﬁoma%ﬁplocbu Inyhis skiteywvriing any

6 I 0
PR A Lol gab ok M LR iy
a@p @r%@@b?Aﬁﬁ)hqq Ry ireanhed dg enaxignyn yeiuedroll over condition);

p ag QH&E%ﬁél_'lgﬁhétt theiglid! E\ﬁ)ea&tcfnlé‘:&r%&é fredl pﬁw?sn@ﬁ‘b@ge in physical biock B.

P2P_S further conprising an a

sub-eiherwise, dsfa o8N willlhe stedimiphyzioal bs!;m . Payaical page} of {N, M},

{soey & MBRe & d H al page nunber}). Each
E)'R%CT ; &?’Q ﬁ?%ggcgrﬁaﬁ&ddgfessabl e by a I ogical

bI ock nunber, and each sub-entry of P2P_STRUCT 160,
(Nofethavip- @@érfaﬁorb@f tﬂg aﬁm%elm @a@%%dﬁﬁ}t of i

uni quel y addressab A%l cal page numb

INYIHPR alnefpagay b%r@@délpg@rﬁ&lehﬂ otigced stajes tp indicate thearelative time
orti@GiGiHtedboken FHeddtnParf@nd secondary physical blocks. For example, while

PRI_MAP=2 indicates that pages in the primary block are written earlier followed by
pages in the secondary block, a tag of PRI_MAP=3 may indicate that pages in the
secondary block are written earlier than the pages in the primary block. In the present
discussion, this possible variation is omitted for simplicity).

Figure 6a shows a third table called the P2P_TABLE 106 (page lookup table) comprising
an array of elements referred to as P2P_STRUCT 160 (logical page-to-physical page
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shows an exanple of the P2P_TABLE 106 that supports N
| ogi cal bl ocks, nunmbered fromO to (N-1), which

wordiches24 he fl ash menory system | ogi cal spacePCT/SG2006/000345

supported by the L2P_TABLE 100. Figure 6b shows an
exanpl e where a P2P_STRUCT 160 supports a | ogical

miappiol stugane) stewbtines owith caphsRIRISTRIOT a@tﬂf@tﬁée@bnh&gln@adn array

o e bobh TP CWARDI AL BB G 12D dBroagnaias, soure

phyisival pdget riwnt&?}fjr%i? I?RCSH' RlﬁC'meSSJrﬁcﬁJeI)bédd?ééssﬁﬁlétby a logical
n N n additio ck cont ai ns

oGBSk DO Ao oA £ £

(SRO11esP AT ang SACLeAGD T3] asiduel et aeaDes |M§l:é4 page

o2 P R B SR ERS e P o

Shcmﬁcmceﬁajmplé oighe #2PpAgBLAJ OB &% Sﬂ{gkﬁbr@cﬂ @obaNbIesls, numbered
ncl ude organi z
ol by S B ES SRR o it OB Supported by the

L@ﬂ’]y'iéﬁBizE 104, Ecguregﬂmlsm smemmplamiéw a PEQla?TR:JGQI 1?Ot3ﬁppons a

ess _space o multiple o e
oy 9T e S e B (e i brdieng
changes and extensions to the mapping structures

h b- ent

PR By Y S afraStimste o s Rt APl the same
as theguaeenfdihe address skﬂbamelof a$hpa§|+gaillblotk%rldggﬂedﬁ_lgﬁu%ﬁf_ﬁaddﬁlbﬁ N a

S e ar ch, _
PP borfie CorbE R ARG bRt BBRK 45a e doderirycinaly be

suhwibddaat infod3 consgantiwhdadiressentiogiddl padas) althagihané mppgiAg of a

i IO G T LA -

nlﬂmbérdsAIterm I\emboiﬂiﬁ)ents may trfudendyarating @ 16dical BRER bddtess

k8o Sy AL o S oot 4B s ogca
pmdms@@cé teéqliall eswutigiest hbehyaig page afid@ss aeHce awith

| ock

‘%%%%R)ﬁ@‘@&%ﬁ%ﬂ Cg?]ngl:gﬁgto t]Rg %@%@8{&{@% prg_se,nt?q above).

has not been wri tte_n yet. SRC_MAP=1 ; the |ogical page
Th7 STRBRES o S kT3l BT el BN} B oroancen
In ngIecai,l if dblock is dfbamzmlgxg IE) ngmg@nrtheﬂéemll bs N Qﬂtﬁérdﬁ!éb for each

or

P?ﬁ'eé-rﬁUBC a%'sg"a%;gg)d%@ﬁaﬁp%(an%g 91317 ZP%FST%&‘U%-EEEWWI BFH% -entries
Omoaﬁwsmtlaltylfrcm togica( pageoditer.y physi cal bl ock)

associated with said | ogical block. This physical page

nunber is recorded in the correspondi ng SRC PAGE 172
The efatk of a logical page belonging to a logical block is described by its associated

sub-entry fields:
» SRC_MAP 170 is a tag indicating the mapping type of the logical page
* SRC_PAGE 172 indicates the physical page number mapped to the logical page

The SRC_MAP 170 field describes the mapping of a logical page belonging to a logical

block as follows:

* SRC_MAP=0; the logical page is not mapped, i.e., it has not been written yet.
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The page | ookup table P2P_TABLE 106 is stored in

random access nenory. In the present enbodinent, it is
wgar@resBeen vol atile RAM 17 whose data will be POBBGZNNG/000345

power -of f. As portions of data in P2P_TABLE 106 are

stored in flash nmenory 5, portions of the P2P_TABLE

106 30 _MRPLECHRBIS léé@&i&olg %%ﬁ%‘gﬁﬁ%%&%Qﬂbﬁﬁ% in the first physical

correspondi ng locatio .

al t ot (Pumarysphysicst lpek) easociied wissaldlegcdl hlock. This physical

non- | RAM W8l Lad in

e B e o Blresrig SR CrPAGE T e TR

nén-FaMAPe2 RArlegiva aagsds oappedae alpaystealipage irhibe second

pre Ll ; . . .

Dy o o ek (Pparein iaERs o abdddiledifh 5@ 1dbicaFoBox. s

P2P_SyRcEPapg0unpel fdgcerded Fhibe gpttasmudingf SRCERAGH 102 field.

the P2P_TABLE 106, together with the L2P_TABLE 100 and

SA TABLE 102, adequately describes the nost up-to-date
Thegrpagedpokup talg $120alTABLE RS imstorsaige rarmiopi agpess memory. In the

[ R ; t r o M t
P ol s S ot A Ao sl bk st oppower-of,
Az pprtions ¢fdata g FARAABLE t8aresiored indlash Inyerary 61 pottions of the
' j far. ' , ,

e ey oo 2o roRphEf R lor oirefy 8 HfiRndG catons of
flagh feanaey 6 Ap Affernative sitel stotr the AR TARYEL 106 mownrwolatier RAM 23,
hdvibvet, i€ id ﬁdﬁr&éﬁ?@p"tﬁé Efeéehtrbrﬁﬁ%itg ntdie. 1B Wesl{l,;é@ér cost/byte of

pages_and physica | ocks, as were done i n so prror
nQgy-Yolatijg BN\/{)WYBP’CQ"@% tnolatimBA dbs preseniiima.i ng user

data and reading stored user data is sinplified and

i nproved. A fourth table called the PB TABLE 104 is
Indlpg oprirseofrwigfingeuspa datairie 6 phugical pepatthe nerrespoadingentf of the

) 9y

e 2 ST Aglall THE BRI ARLE oPte bt AbER s,
topethei Wil then-2Po ABRY si08 &ind HAaJRBLES! ORohdiernaiely GuREFDEOMe most

ui AR el (AlVEIOg bhd B iRt ifodriElar hedep TABLE
10§ (tegeiias with tee SaitesaofiLARI TABISS 100 and SAe TABLE K 0R)senable the

. i ndi hat .
O e e et BT hER Wi % et oo oo
Padge Wbl Shesgoniiellerriqestnet averiamask soperpegesi pagles b5 otck or
regtnri?_% thef é@ﬁ’@uéﬁﬁ%fdréﬁmé_s@aﬁﬁﬁglﬁé% ib%tn lo?ﬁ%i @?@5%@8& and

. The PB TABLE 104 is initialized tc
Physigplilode. avveEPRIIRIN SEMEBINAST @I With thiksctetmenthefiracsiss of writing

udBR UBial % readhl 3EEHuES dapnt 'é%rénﬁéd gﬁcgtﬁiﬁéraged. .

controller/flash menory system pro on prior to it
bei ng used for any user application. Flash nmenories 5

ARt thbI8 cafd PRSE WAHD £ 102 i& 505 ﬁiﬁ?ﬁﬁ#‘r?ﬁa\’ﬁlﬂg PO ins an

or invalid (bad), Tecorded 1n a spe c Tocatlon

ar(@/é?f@,Baaniﬁ RO ercdruninelysidsgssalle by a physical block number. A

PB_STAT 180 describes the status information for physical blocks as foliows:

o FREE 194 indicates that the block is erased and free to be allocated.
e USE 195 indicates that the block has been allocated.

e OLD 196 indicates that the block is scheduled to be erased.

* BAD 197 indicates that the block is bad and cannot be used.
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each physical block, prior to it being used. An

invalid bl ock cannot be used for storing user data.
wab@7esssps i nvolved in initializing the PB_TABREI/3GZ06/000345

i nvol ve readi ng, for each physical block, that

specific location to obtain the block status, and then

initializing the correspondlng | ocati on PB STAT 180 of

T E 104. As fl menories 5 may have invalid/ bad

PEB%@s‘J{ pP4 gesqr @e%mepﬁéﬁthi;of P %thalwﬂ@@hofawsml blocks of all
ﬂMMnésB@ afi@heB €0 ﬂ@dhks%ﬁtréﬁer%“%é $B_PRBLE 102 id fifalized to

menor y system bei ng used for any user

'"QISBT% 1ha slads of trEesRANg O A¥sienl hmkﬁﬁauqﬁﬂaﬁjl mexodesd atiached to
c@‘ftroﬁ@ﬂdﬂd@iﬁﬁ&ﬁblléﬁﬂﬁ&kmbﬁoWWrggrdo%cfuf‘r%r‘otr lft’?lt BQHE used for

| acati on can

any lﬁ?rﬁewy Cpupr ddashyemeriesh @'@rf'rétrsé'ﬁf@edy\"thﬁ@ blp@catatus valid
(gowe) @sn\temacew liebSragd frf@é;%&ﬂc%@a@i%ﬁ at egaﬁ $he E\gé&%ad data) for

statusbtevvl be up rom
S %&@fg@ol@% PAigy t‘i@é?eﬁ‘ﬁdisﬁ‘éc&“ invalicReteck cannaigeg wsedder storing
uderelap Yhé efps M\/@R/léd Wiﬁltxﬁﬁzlﬁé‘fr@m 'MEﬁ_EU’ﬁﬁlgﬁchP\f’é rte%Elﬁlug for each

fro bei ngr(;rase | ocated for usa

23] Db ol SR lapation o sgisin 1o biosikursend hegdnitisizing the

c@rmﬁndlﬁg Reatiemes T4T 180 bil prlpokas e WlﬁAgﬂ%H‘ﬁ]e%n@@‘@ may
197 i rror gccurs: such as when writ or_erasi ng

h?‘ﬁé”ﬁ"gg’@dg’é%’g% grigifo shipgind ca st P@Wewt@ﬁ @f BsSTAT 480 may be

rr&tl@blte&; BAIRNST bHEHS trR fash Aol Ry S dng Gsed VBl ag%ﬁé%lr ng
t?e status byte in NVRAM 23 aIIows thls to be

aRRER et 1y, " In contrast, maintaining status

|nforrrat|on in such a manner in flash nmenory will have
vari ou rptatlonsmposed on multiple updates to the

Tae advag agg Janipinno dee, stepis s iegah PasiGahblpeieindMgRAMI23 is that the
smﬂetatuénﬁ@e @EatNﬁ'@nHe%aféE%%hﬁ@ tib1EB WA RIS AL iihout prior

mul ti - It shoul d be apparent that
°I9Fe 87 H}ﬁ §< %Eédhf%m s differpnyslapes pigsendariespmglepthe status
byt@ Rmﬁ?ﬂu&%teeﬁﬁgﬁﬁﬁ@1ma MTMD%G aHQ%%bIP #R%%}%

h he fields
a%%"&%etge szysé‘iaﬁ gk"‘:k ?Y?éeqs},flr'&%atg 'tg é‘ﬁgﬂ?ﬁp%@ﬁaf@'ﬂ%&ﬂﬂgﬁf@%d

alioadiedi fdu@agba@é Qﬁoc@fegfjﬂ?g?s% and %&Pélf\r’%%g (%P%dséhﬁent use again.

ﬁ%lbé"(é |‘_"P4} %ﬁﬁéﬁt@ REAMAJT4 'f;ﬂ’ntﬁr@lr PESHrHPURRS Wie writing

oegrabing e Mo&l@d:dﬂ@@@ hfleebicondiion: ? TAB |p%sQMe |59£us°ﬁéns}?t|o% lare
nunber the fields o

SE%'PA?%G e UE R iIRL e et artedn BYFANERA o this e ke done

eﬂﬂt’aahtlys apedrataet, h@ﬂ‘lt@iﬁm@rsﬁztum\‘&ﬁﬁf‘ér?m duek a%ﬁ&rMSPh n flash memory
SAJ GC B each avi ng

i g oL Mot FirGes BTG Hiylaan faghs Ao eatigoant flach
losemm dairythi md@aoﬂﬁmty?esmw&mgrﬂag@ nemodas ﬁ\nméﬁwaht%dmﬁ\g
hx-sstateceﬂmles is illustrated in Fig. 9, ch

It should be apparent that alternative embodiments of organizing the fields of
L2P_STRUCT, SA_STRUCT and P2P_STRUCT are possibie. For example, instead of
having the fields of an L2P_STRUCT grouped together, the fields can be separated into
individual tables of their own, such that separate tables are implemented for PRI_MAP,
PRI_PAGE and PRI_PHY_BLK, each table having a plurality of entries, each entry being
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structure for any single one of the physical pages. In
addition to the portion of each physical page which

w@t@rmessenser data 70, there is an over head dat BCHSE&2Z0§/R00345

of each physical page which stores some nappi ng
i nformati on. The overhead data 72 further includes

BST. . i gal
sHgabahessaien) bach o MabioL RABRL 0100t SA oPREr o
bgéep%?@ﬁ‘h@ﬁéﬂq’iﬂ%‘%@b‘ theinewn, syth thehserarat@dables are

iMREAENEE Yor SHIaAEP fSAf'FS%?G@%A Sy @TK and SA_LGC BLK, each fable
e [ogical T

control ler/algorithmto associ at esses
ha\ing 8 staltly AlEiRes pach erititheing indexasthyem adtanslattindex number
controller to manage a flash nmenory properly,

i ncluding error correction (data repair) for user
Theslpra dgfepyidhin thedlash meraorissdy isdlgtratet an Bige9ashich shows the

str@dtliRusr any%'fn 018@011 the h g Nf/é?&ﬁ'pﬁ@é&% bQid B tﬁ% ﬁBHBP% each

t he phyS| cal bl ock; a tag 1 ndica
paysigal|Rags which sigresisesdgta 70, ghareiscal O\m@@d dafta EFEI‘aHZﬁ)each

st by SRR pg P BT A, a7 e

'WCB‘&P% Helds fqy staring black SFﬁinBSTAE 80nlogicplmagiecadp bBMeB1 Ioglcal page
nlibeBi3N §2tti£%r H%'E@i 8@3&%@&??'%@%? imhﬁrt lnfograatlon as

physi cal % which is vall
NeRESeARy 4 '1"%3 ipids pssist @ﬁtcﬁnmr/aiqgﬂm Beassscisiedpbicaldddresses to

c@'@és’{;‘:oﬁ&ﬁg pﬁ%TdéTa&@reQ@é’s aptd 'tMe Qﬁtﬁ‘ﬁlﬁf t%%érfbg%n% Hash memory

one pag bl ock 1 nstea
PEIREIIY: d“%léﬂ'%qnarf%"cqogﬁéf@rt (data neﬁélr)l_fmww ﬂataagT hesoromryemfehe

ol&AEsd @dtaiafdbERlibRg that the physical page has been
used for storing user data, and other neans of such an

i ndi cation are possible. The nmethods and operations of

the Bg"ifhfr@oh%t&j?ﬁefcg‘ ﬁ@th%%t&}pgﬁureghﬁseglo% wi |1 now

be exB ai ned usin ["ow ng on' t he
abrov &P Miefilt ls@rtegur@;o@tlmrtr@tataws@femgudahp@gd/nHye:sel page If LPM=

g:ﬁgpiPrgqg re i& Qb rﬁeﬁ)g{/ ec;ntaﬁcﬁ frd h%lcgl poaarg'etlél g%é hﬁrﬁﬂg ex 00, the
and &f Hé’@eﬁedﬁ md@éiesm kpgicsl pem ihitris mappeahict thisquhybioaltpage:

d t
e RS ineplibionb® ioqaB VR 58 Bhiskiet BRGk, whitfageti only
to c!iﬂ-Pé@phﬂ?t@Q}g | ogi cal bl ock and | ogi cal pages,
uher Bed BOIGAL uOLARK, eBEPT  ses a plurality of

consecutive 10 For the interest of

clear OBGC %lao\eﬁeadla‘dté Eetd is shown to be stored in
the overhead data along with the user data to be
programmed, a page of user data being denoted by "DATA

BETATWoanay epticnahyhimsioss) iamnly one page of a block instead of in all the
pages. It should be appreciated that the LPM 81 tag is only one means of indicating that
the physical page has been used for storing user data, and other means of such an
indication are possible.

The methods and operations of the controlier according to present invention will now be
explained using following figures based on the above-mentioned system structures. In

all these descriptions, for the interest of clarity, the flash memory is shown to have only
eight pages per block, and a page of user data is the minimum unit for host read and

26



10

15

20

25

30

al phabet. Figures 10 and 11 show the steps of

operations when witing to a |logical block that has
wmoedao7losssed mapped. I n these figures, PRI _NAP i sPAERGL006/000345

nore concisely as PM and SRC MAP is denoted nore

concisely as SM In this exanple, a page of user data

h@éi whrige, RealMhbéd Gé‘sdnﬁtléﬂsomefébel@éd)ﬁd%r% idaPEHGREs (ﬁ%@%@ﬁ%en
tr@r&thl nitial state of the assoc:| ate

g0 %r@éRO@'Q%@EGPHHO%ﬁ@QW'WRM afhereadpgigal block

cdAbtised BYRFBRY of @orﬁs'é@me'lé‘gléah ﬁabé‘é‘ tFoPﬁ‘lretlnt%Fes't: b\gélér‘ﬁg MMy the
I}g‘ﬂllethelnltlal state o si cal

Rl 15 HvQLlo|Rs o oFi T e Qyarieagicals gjona pith Tisuser data o be

« n t
p%g{&ﬂnrg%dé ¢ J)d(gggjlﬂﬁmrgd%éﬁgg R&te@Rg If)Af'?ﬁ(e v@'ﬁ? %('(i)s %Pﬁ)wn as an

algpastat es an unused erased phyS|caI bl ock fromits
pooI of avail abl e erased physical blocks for this

l ogical block. In this case physical block nunmber 3 is
F‘&P?@éé&aé’a' 9yshowi the gisps o gPerRECTSFYhepHWitgKO f2 legigal tipck that has

nétltféeﬁrm é& pagesd &é@rPFﬁRURA%dér%té@Hdr@bg h}é% lSM and
Sﬁg MAP field. is changed , as s

‘? &ﬁ?ﬂﬁ%mf%ﬁoww @ oM. ITHis pxasRiey a BRERY usgr dsta s to

b@ww;t@ra@q&@udaoblem@ fRficaPh&fEC5P m@dmﬁlalfs%qé%ﬂheﬁ% _STRUCT
Wr |

d |
agos i RS R sk leapie By 2B, S PRI el R SSTRYCTL2) is
sHdvatin ti@leﬁfb@%f Fiyure @0, rvﬁhllé Jehe ﬁ&ﬁlﬁ?ﬁ%ﬂiﬁ@blﬁ@ca( bl09< 3 is shown

i ICAY TGRGRAR g. 3 0L Pl oA FRGT b fass that i

nét]ma&ied PRI SI!\/IAF"HJ) Saasof Wéxt|tﬁ&b&ﬁ+oll@ﬁ&%c§te§fanlLﬂgé&?trased
pri mar si cal bl oc

P?XﬁﬁatWO?‘%fs metg el Ofava@%'ese}ras%@hwsm Hinkie pr tisiogieal blok. I

this Z3e PhiR#al bRk insimbex b id AREARE l’bwrﬂnél&me%@bm qﬂﬂi\h EBLK field to 3,
next avail abl e PP%@E{ or _any. subsSequent

SRy PegRaiiel PRLRAGE Buitiaized (. ANdge BRI YRS dieds changed

td D@s@ﬁbwﬁ%ﬁe% élSrl tipbf @NFigQrel Wﬁb%ma@b%lﬁ@now mapped to
\ I ggg g ?%Wthrecordln the | og

P‘S\%Qé‘ ‘H‘Bﬁ‘b ANG ajr qtfeﬁé BYETIAS adaaarhusarsaia tﬁd?@i@a’ blqcbarve" use

thbaaa@bmb@nmui&afedml pAGFe U hRhRege of user data of
the sane | ogi cal block but di f f er ent | ogi cal page

{1 ogi cal block=2, |ogical page=0} is to be witten.

ENES sRRhMﬁﬁ:lgaﬂéal 18 PEPaB(ﬂRB@thQ?@F(i Elq Wil §u6|-enﬁ'§‘€orl=é‘é?6ndmg to
c a Qc

cBREonge 3 SieSienblaskEisHBIRAO (SRE NAE SHish FARBhS! (1, ). This

inciizatee I Ranelicty h@e BQﬂld@ﬂJal Eb@@é‘lsané;ﬂﬁdq@' aEé‘@%f%}lmary physical
PSS R T Bkt e

oloR (U TS BEUSIORI Blosk . e BACK stk o 27 SR T qf' next

ineeRsHigd lopoirt itd tHeMexOavdllabbYaps fdr a?l?@;@béédtﬂéﬁfp ¢ rlte to logical

bch) IkgaNgxtblleoe(r: 5at(a Wksnbl(c::gll blggkggkloglggb pearge_ }is wrlttena%?]) {bhysmal

block=3, physical page=0}, along with recording the logical page number 5 in the

overhead data.
Continuing, Figure 12 shows another example when a page of user data of the same

logical block but different logical page {logical block=2, logical page=0} is to be written.
Since PRI_MAP equals 1 and PRI_PAGE equals 1, the user data is to be written to
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field is incremented, and user data is witten to
{physi cal bl ock=3, phyS| cal page=1} along with
wo e@ansiory | ogi cal page 0 in the overhead dat aPCFsGQRI0€800345
13 and 14 explain updating |ogical pages. Figure 13
shows an initial state of logical block 5 after 3

{pipasipebblotk=3s physital padwaé. MG?EWSIRWT[E}P% (Le. the sub-entry

L2P_ST t hat |
ool BrRRP | g HseL P oBR 830! Pk OpRgo eSS MABBRGL PAGE) of (1,
1} pingiesting-thathae asmmeﬁé}ggmnblb&@k@ﬁd“aﬁbag&gﬁé vRittén to in
en |1 ncrement

t
oG4 RRbe fimber {5 oo e Soiecat PecpRyBhe . igent BACE
fielueis wrcretm@ﬂed Far@urser ddtag@(\pht@én% {ph@dican Blglﬁlﬁﬂﬁ Ig%&!&l page=1}
e sane oc are

al?ﬂ?ﬁ% grg%@ﬁ%%@?ﬁg? g - %’ﬁfﬁ%agscfaéa -and 4 are

overwitten with the new destination physical page
F'%sz?s Pheae 1 sftlaR DB lof e Bitine wauBuicbions o il stata,
logical atodi Ehsaler srﬁagméoﬁlmesd?tﬁmv@ byeh GattePROCS 2B gmulé'rfsﬁ shows

Q¢ witte Qgi ca
AL R apoRh et it ot B B ). Logoa
palg;bsuewml'avemma iweitden mgl&;eﬁ:h{ ﬁémg)-WréébebmW qfh@s oRl lfFa\GE field
ica n e over im

nag B8p N Bt afod Ko FhatniP St SValgp R pagiosg o oS wrken.

witten to {physical ‘b! ock=2, physi cal page 4} al ong
e T B el B DSt i bS5 ar
uptia@dpP2ri S‘IEBUCFBS] B@Srb?]ttles sandatge |0t0éIerl?§||tl wWaR ﬂﬂ}%ﬁ destination

ca e ha en 0
PSR BaBo DB R sn Brvrien Badoss 3Rt e aHAGE fisd has
beSA intABhENtad BYice llaa frplafa tow laad themema tb @gdt/rféglphpgga pagss 3 and
mul t | eudi e oc:| ed. sub-en
4 P RBR el " e o (BR3Pl e € wrten
to |{pﬁye|cahattlmc?ﬁ25 pll&)hsndahgégdd—_?}i‘alﬁﬂg with e@manhg th@rlbglb@ @)aQ@ﬁﬁmber 3in
ai i a
g BuiPed R Sudh et By (ol Prasiet o Dagemihedintten to
{pRysipat blo&ld:ZS bbgcdﬁ@ﬁ’g&&@%ﬂ;’{h&bf@ﬁm@?ﬁ?Io@@gl e akmer 4 in
e as a val ue o an

thé&%@%ﬁi@%& ue of 3. This indicates that valid user

data for {logical block=5, |ogical page=3} is |ocated
B e S o A TN T—
abmotwhete ragogloala:za@echaauaedn waﬁerSW@T\[vﬂ] respéive irfortish ih the

4 ThLEB 8RR iy BB |00 PUILCS L e ot o

upalbedenutims times, the gssocatap dat-nigy Bittae PRPOTABRLR Y6 b(Bhtéth the
L A I e R e A
valid data, can be identified, while older pages are effectively superseded. For example,
Figure 14 shows P2P_STRUCTI5][3] of {logical block=5, logical page=3} has a
SRC_MAP value of 1 and a SRC_PAGE value of 3. This indicates that valid user data
for {logical block=5, logical page=3} is located in physical page 3 of associated primary
physical block (since SRC_MAP=1), which is physical block 2 according to associated
L2P_STRUCTIS]. The previously written data of the same logical address in physical
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addi ti onal operational steps and the undesirable
effects of potentially affecting state of adjacent
woreovsysee£l | s t hat had been previously wittenPCTISETO&E000345
types of flash nenories. If power is turned off, the
information in P2P_STRUCT[5] is lost, unless it is
pagb Ori€effédlivBI)Bud@kaddd.€ RAM In the case where the
information in P2P_STRUCT[5] is |ost on power-off, the
valid user page is identifiable fromthe overhead data

THel rﬁétﬁo@ﬁEO\ﬁéYdde@Q\oPFééﬁfre UBdéMHgCéiatQQS g@ H dvbFRAd data of

hysi cal bl ock aV|ng conmmon

Phﬁi@?ﬁ @ége%ﬁdlpéégivh%e é‘lsa'é‘éﬁtﬁ r‘i‘at/‘h éeﬁm mrae@lad Thig avoidshibe
ad@lﬁ@néll@ipbﬁhh@ﬁ@lrsté&%d'tﬁe hﬁ@eéﬂ‘&@leté?ﬁhs'o? %ﬁﬁﬁllg &fEtiHYstate of

n.InFlg_@ the valid use
ad{chaq rpginopy G5ilg that hpq, Ep%prey@gglyggntteg i mtyg@ of flash memories.
bi ock=2, physical page 3}, and this page supersedes

si, cal e 0 which has the sane | ogi cal page nunber
I Oa%%m@aﬂqdm%t the igtaepatiandn FaPa STRUIES] ;%gwgi dalesp i dfestared in

nohSvolBBRL RARIC RIthb Ya¥d whé@Nhé AiRaiRen PP dﬂh Fﬁﬁ?{gﬁfﬁ? fodfon

| ed explanation i s provi

det
PolURABY NG FElk] (e DE0BISIIoTHEBb B o ovpthaat Getediold it mthe
or@eﬂm @ichtpRges A wiilt® witHRDa Qhys1Bsl BldoR k&% H2Pagd&H5Ang

be omtted during the wite process |n one
COUE\W‘?“aJPé'Sﬁ a(ﬂdr&f&ﬁée@’fﬁ%mﬁgﬂf OV%rhﬂ%%daéaq the one valigusiengage is the
onémyath@ﬂlbﬁﬁlecmﬁﬁmﬂfent lfﬁeFlélﬂg' 1Qa{heh}aﬁ@ Ksertplaﬁle Y@l{l’olglézlahbliacr:]h :

si cal e is identif
'O&SQ/% PRESTP! dﬁagpﬁyﬂi'?alm K59 Fthb@wélrnf@re ?4},rﬁr\¢mhlé Rapea gereragdes
ph |béltp@§e\01vt'm¢mh@s ﬂﬁ@lééin%%gl@él %be naeEr r(e@%e&"nq%r o\RRALR data,

i avi ng 6} conmon gl cal e nunber 1s superse
98By EFa WP?'%M?@ KSR Wi FW%V%‘@@W&@@W@QG%A more

defzfiad exslBaattANS Broviich R thedRW &tk @f FiblRsDEa B Ear 58,
shows that physical pages of the mapped physi cal ock
are all utilized for page wites, regardless of

1t sﬂibatchﬁ[xs b& QpWebk%d' tRatltRe §teFBQWu88at%QNé pos! %‘T MOETHBB may be

[

l.0 dr ess. his results in bétter efficiency in

oy "i fﬁ@égﬁ Wé'F?dP'PE%SsG '8 Op§ vBprtiont qf issembadiment; ﬁgw prior to
readﬁﬁ’g ame@gmar 6%’9‘@"&?@10 lEélgjlkScfk % @h& Eﬁys’i’d’él Eé%é"@ (ﬁeﬁ’t‘(ﬂ%l@ from
k as been

t he sanme

th% E%Qtegcfle%%tqval‘@ag |dﬁ{§372( %an y rgr@@' in Wik pagesareyrgten within
a shyaiepl ifocls 'ébcteﬂhbf Md gp%gélﬁmﬁb 2l c[df'r]m&ﬁ%g@&%glé ﬁ’l@ﬁf{b%ij is

thre romé4 t from5 to 6, and lastl
suSE8ed. HioNEAGE Praces S v AU Bihor lisneion resisrardhhemog & loss
deBiralficom 6 to 7 and lastly from7 to 8. in this case,

the PRI _PAGE field has rolled over, since a block has

8 pages nunbered fromO to 7 . User data in physical

me}aﬁlpﬂa aldo s&v@ﬂaﬁp@%tcﬁm@de%%f tR R&Hoed rﬁ‘\'y&cal block are al7

ef i vel y superseded user data i n physical
uti edt %p ntﬁﬁy@g%rg]esg pBwRether the write is to a new or prewously written

logical address. This results in better efficiency in block usage and less copy operations
resulting in improved performance.

’

Figure 15 gives an example where logical page 4 of the same logical block 5 has been
updated multiple times (e.g., three times). In this example, sub-entry P2P_STRUCT[5][4]
has been updated three times from 4 to 5, from 5 to 6, and lastly from 6 t07. The
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According to an enbodi nent of the present invention, a
secondary physical block can be assigned to and be
waswoosssted with a | ogi cal bl ock. The al |l ocat i pem/e62086/000345
secondary bl ock to Iogical block 5 is explained using
exanple in Figure 16. Continuing fromFigure 15, al
PRh@A@‘B/ﬁél@ Bhs @@éﬂﬁﬁc@ﬁqeh’fé% fFth Rirh B ¥, PP 8ko P2¥A lé’&lﬁ?ro%‘r?ﬂjo 8.In

as i ndi cat ed over condi

thweﬁﬂg@%}PAq%f@d@@p d@legdmef,,smma bigpkdiesd pagegesimbered from
0 8¢ Priideg ddﬁ% pﬁiﬂcﬁl p&g%k% € anraﬂd '6961‘ 8ﬁ+§1&1‘? BE)%Q 2%re effe fively

secondaré si cal 'ock as''s
SyARregdsd P us d&mﬂgwﬁlﬁdmg@aqft%weghxa@l hiotoer of
physi cal pages that are used for page wites to this

lt‘@gl cal block, with the effect that it delays and
Ageoirding o angmbedipntah depriessrd invegtion; @cset:@ndmsyehMal bllock can be

adefied t& hAdhé HidariaROWRATRILPbBEK ST ﬂi’alféﬁ%cﬁ) e s‘ae&condafry block

Iocé thereb further increasing
toglpc j’&cér%'s P W%V%nqexamde lmﬁgumﬁ tGaptioting from Figure 15, all

thb%ﬂyﬁaﬂyﬁaéé&af thépMﬁQ@ttﬁ@bkaawbéeﬁ Qs f é!?jﬂ%ja‘f&% R)? BRI_PAGE

indi cate that a secondary l ock is as

rcﬂ”&g%%ﬂ”dB'PB&'?(R’sBAﬁ#a@ -t FePrigyide qgla@enaifphvsj@al @age$)fooelonsg user
daig, the cbitfillef AlloBates aARESH AP Bb{y%m%%loalhﬁcth PlHEl?gs ghown in
ructure i s assi gned

F'Q“@T%L@; e%?ﬁuev Joybles grrarmperntef 8NW&§9¢&1tbiatere|mgd for page
wiifeato tHid 1BgiSA bRERUATH ine é?ﬂ%bﬂgatq{s@éia sohai7E, uc%g'fnage ceRY

i ndj cating that physjcal bl ock [ s aSSI gne

ORELRIANG 4P rl?F’é%R‘OV%Hd'dsmn?@a‘rosmﬁssprogtﬁm%blopkﬁato riew grgsed
blaske tepdiyduiic thck@@irahe BbAGKnaAce St 6 els a
Ilmtedbggol of SAS UC?S aval | Ceéf %gétPf/r{allmted
nunber of [ ogi cal bl ocks can have secondary bl ocks
associ at ed with them The controller can assign any

injBus g ?TRUCT V\/nlchlst edV\/lthSAI\/APO)toa

NGB AR BRSEI-MAP tag of LER_ST 5lds updpipd Bomd!, totsh@RI_MAP=2)

tohadieatt thd?@ seesHdahyBEciy ReLhed f@tﬁl@ 18YidaP BIOEE‘EO "?Ppa.‘; 16 next page
Cont i nui n gure

d bed | at
o RSEAL AR & [SREe Kot geesiaa Bingk At UNUsgr s STRUCT

sthlcagrls iSaga e§ UPHRABEGBAI lodd, tHRBA HiReenly tggéé:d wid ]
since the

S&H{"ibﬁﬁg“ F‘ﬁét%%*?}r\eéﬁ%ﬁ& iRPETY U@QGEApBHNLELKh@mdlcaTmQ

thaophystapbiedk & Tsf’é@ﬁlbhé’& ab tRTEREbRBHN ¥REKandfs B)LGd tBI.hK=5 indicates
te destination 1s to a page of

théggﬁr?c?ﬁi’?}atﬁpd’gn logigabblogibrol 1 er will also read the one
associ ated SA STRUCT having its SA_ LGC BLK f| el d

mat chi ng the. I ogi cal bl ock number 5,
Sigge %‘ﬂf&)%ﬁ 'tST”%%P%h‘P@%x%FﬁH%Ts Jypdalzip « @im)mwted aumhereaf logical
bib&iat canhtave @ééonﬁ@@%lééks%éé&até§ with Byeph Chihe %rﬁlfdﬂe' aéssngn any

h |caI (I"‘%S‘ Her e, hysi cal blo
&hd%paggegwthﬁ AP=0) to a logical block lf all
SA STRUCTS are depleted, they have to be reclaimed by performing a logical copy
operation described later.

Continuing, Figure 17 shows an example where logical pages 1 and 2 of logical block 5

are subsequently written. The controlier will first read L2P_STRUCT[5], and since the
field PRI_MAP=2 and the corresponding PRI_PAGE pointer has rolled over (reaching its
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P2P_STRUCT[ 5] is then updated as shown in Figure 17.

The sub-entry P2P_STRUCT[5][ 1] associated with | ogical
w@age/0isee4s updated with {SRC MAP, SRC PAGE} of PRSGD06/000345

i ndicating that {logical block=5, |ogical page=1} is

mapped to physical page 0 of secondary physical bl ock
ma(mgmm @?BRGL gﬁéﬁgﬁilcﬁg@tr@fwrité d@@ﬁffam@?hs Bl 0seg S elfbf th@!&ﬂcondary

entr associ at ed wi ogi ca
DI B8 ForoIENH e (o 1 GleSSPABAIBHEA A O b Pdying )
SA_haiog BLKmtgldtrhaibhl{'tb@m bglcahbl@@«n@nf b%rtm Mmirr]\ @sgelsiégtﬁm[(o] in this
of secondar sica oc

PR AL RIALET ndiffen e et Bade Bk FelPrsiel Blockes,
phigfcd? pefe=f0}.e Hdrey ooy EREIBIbENs Darsd §arhmapssLidRadi@ block 5.

twce, fromO to 1, and then from1l to 2,

corresponding to tvvo pages being witten. User data is
P2Rr BTRECTIR) id then msmdtals\saowmﬁsn:@a}e Pages sabefgy W t h

oS B e e BT oBGelrbert bulhoties ""dﬂaesses ?)
SREX mm@} ol 108, ihdigatirgl thpe@efcalblatie:s3 Idtficdl pacal |sbhébb|éd5o

B0 B4R e ol Bl i s Sl P guisnpnysca
blomdiaﬂ'B@I sum eﬂm{ RRC IFRUCHBII2FsbLiafd vith lodibal gagdl |2Ci§h;bdbﬂed

wibIOBC MR, SBlo ARt o b i OREL gl LROR fisal page=2)

is BRED! édﬁtla:p&)lslcatldmmb 1i of sﬂbc)i'&laﬁﬁbh)@da!:&o@k sTn’&% ﬂd‘) I\#AW£Z§ which is

Phifzig%i?@wﬁfﬁg %é@%%%%@ﬁ?‘&ﬁbé% Eas en 'nwaméaiepmgwe,

franh@to {,|amditice frdrh dcts 25 colr@poadihg BSR4 és%éﬂ@fmfént Oser data is

iR 5 € ease i DRt e e REWEh el el aprsnts Bigca

page adddssdsan tHe Oraridedddata., corresponding to two pages
being witten. User data is witten to the respective
physi cal pages along with recording their associ ated

Cdrmgutunga,l Flgmgt-:tB&ddwe&a exampletwitere Vryidie pagék? and 3 of logical block 5
i nui
arp e i el B - SRR o e B A st led ndogia
page i2tis Gpdaté_d'lglth‘i cs&egmg?esﬂce PAGBB}fog Erzg%%?_ﬁdmatmg that {logical
are
3R PROEA) T BRPRr RS FAREE P16 9AaK P! blook
(sihoe BB MA@&?T wt}icl:}t iis ?mys'éan olock 86t Oh& su[ﬁ-@ﬂffy Bop OSﬁRU(f)TFF[B
ina ro a
asGousted s sl Paod 3¢ Gabd uns i AP REREZEERESLE .
mdiur:]glng dihat lagiealddetkes slegicalragess) it emagpedtid ﬁahygaél]gﬂ‘dddé@ physical
[ ure
pB D T: SROPARE el STaflas ot B afropeenipagues g 2 o
3, laed thepifeeth 8 @ pageesponding e pRbys beiab vsbiﬁ@ﬁ KUser data is written to
thé ?e%%egtlr\]/te rp ysncen %\éggg aksnﬁgcw'}{ﬁge_clc?rding their associated logical page
addresses in the overhead data.

Continuing, Figure 19 shows another example where logical pages 0-3 of logical block 5
are subsequently written. The respective fields of tables L2P_STRUCTI5],
SA_STRUCTI0], P2P_STRUCTI5] are updated. In particular, the SA_PAGE field has
been incremented four times from 4 to 5, from 5 to 6, from 6 to 7 and finally from 7 to 8,
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sonme | ogi cal pages may be mapped to pages in secondary
physi cal bl ock (sub-entries having SRC MAP=2), and

W@ ove/05ssgd cal pages may not have been witten PCT/SG2006/000345
(sub-entries having SRCIvl AP=0). At sone point, a
| ogi cal bl ock may have used all the pages of its

whictsindicates d rpit bvaarcpnditich. $2e0 ﬂdt@ralor@“wmi talasBbsks loghl page
n Fi i cal pages nust then

ad@éesé%%?'&d”rff%néc’H&ﬁ%?%&éﬁp‘a}’ﬁ} '3399% ock, which will

have erased pages that can be used for witing user
a.

dat W ¢ this ess " oper atj on
1t &Y aRFSp R Flayes 12l haﬁ‘aggég'e SbrtzlopGaRipansaHe lopical pages
ma)fbeﬁlﬁﬁg;bmolp"é@eanﬂpr&?&ylﬁﬁ@cél%dkf(s@ aaﬁﬂwsm@wm 1),
sohQdLcal, %Wg%rat on %% even when
HAoGRR AR S e s f Pha e A AL Fapntries
habmg BRE IMAM) ahd ssmé YicapbadeRNaPpGRlE 8Ben Whifen 1sub -entries
h $Fg@|w§ (gary and secondary physical bl ocks wll
%W@ e Ked for erase. This is done by updating the
PB_STAT 180 field of these phyS| cal blocks to OLD 196
I n, addj t fleldlnt

t BST T
At@é&?ﬁ%ﬂﬁh&?ﬂoﬁﬁ’a ?'é@h’“ﬁ%ﬁ% ﬁﬂ?g%ﬁﬂf %ﬁémats% primary and
seu@mﬁiryeddflxzyaldahblbbles 288R0GHH thugureUS ﬂTfﬁe Qél@f@bl@éllﬂa@ei‘:hﬁlﬂéf ®ien be
n ure a ogl Ca
°°§%F VaINe %aa%cg&wﬂ&ﬁﬂﬁ&aﬁ? WE‘&& P,Bﬁ\;%?r@a?g Bﬁwga‘?%n%@wsed
folriting wsen ealmi:ay vmssalmeg:rmyss |“1©gicabd bpé?a)noﬁrf Qﬂ\llStEI@\OQILd Igglcal
0 er a ocC

PP KB Faligist s TRiER o7 e AR 17 ﬁ% b Brg P 2 e
Pan Sgglgagr# 6d. Lagrealtnop?bpgrtatnsnmrap @tdhp(eﬂa%é\dﬁa,glns,\glmt nkda all the

n | r ne e Sl Ca ocC
ph%’f#??'r?&? "88&'044 P@ﬁea%fi@sqqag?%ggwﬁ@ ﬁgy bl ock if

SRC MAP=2) and physi cal page (SRC_ PAGE) it is mapped
a fromthe c

Af{ﬁ? boglK %?{5’ $pi65$t%8a 8}orlgl(5\aénrﬁ‘g@vry {aaﬂfgp ar;b]ra]}&sfgp Pglocks will then
bephgnsked &dr quam}ﬂ*dmd doae by dsdéthtg théWBT@ml\FTW@O field of these physical
bléé?(s gcg &P&% sa ttjgam aggl I?% é g#qggge:g) f%cp t{\g g%?%%%lpwgg %ash

memply/ oo rady optichally behadapspwith tFerseeweasmie, as shown in
Figures 19 and 20a, {logical block=5, |ogical page=0}
i scurrently mapped to {physical block=6, physical
quaq;exadn}lpleskjsﬂ?lgld‘atm amtl Riduae 2pb],ylﬁe opkratiag of & HgRRAPERSY df @ll valid

pﬁ{ge%%?’@kft%a LA e B2 L BT U OS850 ey ook
aré lshwin.nEhe cgntmugere{apmysp CSIrROCTH &, logldiley BioeRrl5 fRAYSTAEntry 0 to

Bl 58 14 Pt ) S bt LHEDTRP e nono
in P2P_STRUCT[ 1), it determines the physical block (primary block if SRC_MAP=1 or
secondary biock if SRC_MAP=2) and physical page (SRC_PAGE) it is mapped to. It
copies the user data from the current {physical block, physical page} to a new {physical
biock, physical page} and records the new mapping information. If an entry of the
original physical page is not mapped (e. g. logical page 6), it skips the copy operation for
that page.

For example, as shown in Figures 19 and 20a, {iogical block=5, logical page=0} is
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in the holding register is then programmed into the

flash nenory page at {physical bl ock=3, physica
w@agent¥e24 Al ternatively, the user data can be PEBSGTO6/000345

into a buffer in the controller, and then the data in

the buffer is programmed into the flash nenDry page at

cdrlléh}{)‘i ?be@{d{‘éﬁy&;’mal BBE@@%'th@QE)EQ%*@ ogl C%{Ww‘@@lcal

em structures bef

Pa&%% jeq it physical Risek=3. Ipaysigaltnage+liand remdung@ml page 0 in its
ovekisdlg o84y uses one physical block (e.g., 3), as ‘

opposed to two (e.g., 2 and 6). In addition, the

SA STRUCT is now free and unused. The next physi cal

f
Tr;lﬁ%r‘i:\a’ggg{_lb% ht‘érrﬁ)‘ry)’ E%eb% ?Q@al b||'q°|%§d? ﬁ?g é%%aggﬂ} is typically
regl OHEC; %?P'dlﬁﬁy@'%%n intgrnad fosthe flasl "@Wbcﬁhrﬂk@@ ewuser data held
Ty

in @fiAREding - sttglgsﬁe?\ hré ra?rﬂﬁ'ec? E&éﬁéﬁl&%@n@ﬁ@r@%&% &qﬁ@%?c%l

from US 1 Bl oc
blpgk=tnehysicakpagsarl /Ntﬁfnﬁg/em Hhestiagn dtaroal be sead oWt el @ buffer n
thi @bRtrolleR dnlitferPih@ @B&Sin tFOPhid a]%’rﬂ
PB TABLE 104 and eraslgs anlyj/ |y§rlrogF ? %qﬁsmnemory page
at pRISIERTO P83, BhyRigak Bepea0b 196 After erase operation
is conpleted, the correspondi ng PB_STAT 180 is changed
E 194. The erased bl ock can then be reused and

0
F'%feaﬁquS@SWé &he Pysigny stireriureaibefnre ard afferehe logicel copy operations.
Nétbttﬁétraﬂbf N‘ﬁ% Wlb@&él%k@nlﬂ Rk 9Q¥al ‘B%kgé gorc}ﬁ asIPBosed

for the controll'er to c

tOtS\é(P Z?rgv RGNS H@@&@@nﬂ@r%ﬁ?ﬁ%ﬁ 3 rawn@w gnussd. The next
pt@%@ﬁkpagéﬁb Mﬁlté’@%@nbﬁﬂ tR8 %IBQ’F‘IOPAGE i QWW@@?%?}?@I is 6. After

remai n unc hi's nmay per for med

thisd?%lFa' FQRbBPEIgHON, BNYSKal é”l?éh%iar&y\d @aﬂj@@waﬂsedsfﬁaenaseme
PR aTATS ryrmg]eaﬁe oM GRALETHDA TSR ﬁﬁéEBq%y

phyS|ca bl ock t he mappi hg structures,
particul ar, the associated SA STRUCT, is nDdlfled

Blaeic efaeb Thﬂsly)’oeaéér@'rmédi‘ fh the %'a@i?d;ro&n%’é(urﬁ’)geﬁn?és' vPien the gontroller is idle.

advant age of this schene over ve nmention

indhiR Bvise %&Wﬁﬂ'{fréﬁdsﬁﬂm% P aFedPBLE 1OHanderaasssny physieal block
WIWYPB_EET@K ﬂgﬂhs'rﬁark&ﬂj@E@q %hﬂﬂert Q@s@bﬁ@?ﬁﬁonﬁg cM?hlple‘i*ed the

secon esultin

copaeporaiig BB EFRT 4B b thenied TbioeE d5eatte pressrblack sapHisn be

reusSeds AOYBe anboﬁte@ittb%nglob%al wheke the newy allocated
secondary bl ock is The system structure before and

after copy operation is as shown in Figure 21b. Note

Tl‘té?t@faré Aiedreative vAAatfha e %fgtc@l &0y dp%PaéléEg%éE@ @étHqu'é foRtRd

he sane entrles in
QPP SBRY RV PRESS RSG5 156 RotRIgant a5 aravt Bysios! lock
wlglevyﬁigebibe@ﬁg%@thﬁbrﬁﬁhry PhyREY BldeR rerRhif GhefanglBY Fhis Rlay be
pgr?ogmeé if the total number of valiid secondary pages is small. The valid secondary
pages are copied to a new secondary physical biock, and the mapping structures, in
particular, the associated SA_STRUCT, is modified accordingly after the logical copy
operation. The advantage of this scheme over the above mentioned scheme (copying all
valid pages) is that time spent on copy operation is reduced when the number of valid

secondary pages is small, resulting in higher system performance in certain host access
patterns.
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Physical block 6 is then marked for erase after the
copy operation. After |ogical copy of secondary pages,

wo b@7lossgecal bl ock is still associated w th tweCT/SG2006/000345
physi cal bl ocks indicated by PRI_MAP=2. Wiile it has
been shown in the exanples that |ogical copy operation
is perfornmed when all the pages of the primary and
secon ary bl ock_have been witten, the controller may

SriSSHOWN I Blosa iR Woeksihamewhnaliocater sen@q@ag@gci@s 8.
THd‘Eg/stém &ﬂ!chréﬁ@fo’i*@ﬁﬁ’@ Qﬁér&boﬂ/ %Fgraﬂéw R RegRwinib Figefe 21t &Note

trol er orm | ogi ca erati ons "ahea
th%tftﬂ?feﬁ% o Mg thakdom 16UG Lies ingicasad hase@eririegin fields

PNAPPRI G’A@?&WW@EK NOnd hEB PhdIED p‘ag@t&@é‘%ﬁéﬁ 8'gived by
A;ggrﬁ‘fgg% h| eve hi 8her pertormn
S 'C\W/r@ 3'6‘?‘ bioeka8: RhvscplRagepdlges per conmand.

In this respect, there are a nunber of specific

C ns,to be illustrated in addition to the above
P@ﬁﬁﬁb?‘% 6 fedhenmarsrdor erases plRIthacoRY(RRESRtIOBI ddter Iegigrinppy of

seb&ﬁhr@bhgb‘satr%do@cﬂ g sl 2ekcigdh Wthﬁ@/ﬂ%h?{)cél e Qﬁ@%ated

been witten, and sone of its pages” being
byQﬂ%l E’@}? se t he nunber of free pages is |less than the

nunber of pages of user data requested to be witten
W&Y ?ﬂ Fost cormand In this situation, the controller
§ ¥ s pegn shiomndn iRe.exampies 1t lpgisalicopuoRpiagon iscerigaprswhen
allithe bb@eﬁfltlﬁ@bmﬁ’ﬂy%ﬁlﬁ se@bﬁd&?@bl@cl@hmf’wﬁﬁéﬁl f?\%‘%onﬁ‘&%r may

subsequent user data to the ges in

PeVgQE'B SHER PPHRERNS eVeR V\thﬁné\%ﬁlé@refnase%e faemnmam gecgndary

bIdSUksl‘tavé(bféHﬂmttéﬁ ORHSdontHelieMn &yl ftdfofn H’cﬁ%ﬂfe@'cbﬁw ratﬁﬁﬁg%ﬁead of
data, .at | east a portion of es of user

t'“&%’f"a?’\%'!’ﬁ“%‘e"ﬁﬁh‘"t‘fet witepatieis, rip mtgﬂcbaspyne Ahring HRS when the

coanduetrrgend;t@may ni ng pages of user data of the sane host
command will be witten'to the secondary physi cal
bl ock, in effect, the plurality of user data

TRgsHSled] @fér‘ﬂaﬁ&ni&ﬂ@e has ho&%mﬁ%lmﬁteg%r @éadseiﬁ@lf le © pages per

artially witten to pri mar sic
copinand. %ﬂ% "EPPSPIP P R atwmh%%%@&fea&pydlmtp@ml"ustrated in

ad&!itmko tHdlabiN@feh% RBECH fdxampRN Bbridid a IS@BQ'b@&ﬁ( h%vmg been
bl ocgllohaw ng been all ocated a primarybl ock™and

a"é?c%s@ Iy BlogiE RN yﬁ?én%afg@soa@ﬁs PRENG PEARMtEN, @@ré Some of is

pages bgingUtdey and $t§ﬂp@€e tHEOREN Y of f#8e PAGHASs Msstihieh the number of
secondary, bl ock te%tootge been witten and sone t he

PAgEH S5 TR TR erEes Ve Bhonedinsh 69 MaRd |ntthlé situation, the
cdmrﬁhmrwﬂoﬁrsf Wﬁl@ u%égﬁé?ca% tHeltemafrROPstap agalie He ;&rﬁnalr? E@ck
| a[g the n E[ es of user data requested be
Al A A BlonBea iR e aAN Yot Salp i 18 RGeS 1T e
seconddrpbloek. lWItHué siﬁécﬁﬁ:‘d cofeiitib® whird £A84t AP r@&uég’uné Reting a
ata of ost command to the remaining free

P“H&E‘&C’ PROFHR L@%& Beftyeast 6@?”'09@5ff@rnﬁgeﬂ%gw&atwwe written

to the primary physical block, and the remaining pages of user data of the same host
command will be written to the secondary physical block. In effect, the plurality of user
data associated with one host command may be at least partially written to primary
physical block, and at least partially written to the secondary physical block.

In another specific condition, consider a logical biock having been allocated a primary
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operation, and wite the remaining pages of user data
of the sanme host conmand to the pages in the new
whbw@ackssed t ernatively, the controller may perfBCTBG2006/000345
| ogi cal copy operation to nove all valid pages to a
new primary physical block, next wite at |east a
biB&! édooi‘ségonﬁ b%ﬁ:?(r thg%ﬁaei&‘ th ul?lggf b6 fud)gwhﬁ& some of
primary bl oc en a te a Sec
thgIrgees Ofégﬁ sqecmdawblw henisgrhesniwitiag apd gemeaf thea:agesl heiag free
S
tone \Mh‘%n Qﬂﬁ‘pdégzige;tgﬁ{ﬂmgerto‘?frgéggg?é &tﬁi’g% &gﬂ%ﬂp@\{)&( is less than
thﬁé@f[}@@t @frfg'agﬁﬁpf U?ﬂféfatﬁa@é@ea”t@ @ftfeewmttaréiwmrm hastieaminana In this
situadby, 'tH’éJ@clnttBﬁ&ewlﬁ’ﬂ%‘i (Ml dé%YabBﬁlﬁﬁ%@He%ée Pata%lf'g] | Host
It reaches a specific oun ntro
corapaist o the éera@pmg ﬁfﬁe@ageqolnuth@sgcoodawdamkd penjorivl alokical copy
a r
0@5 gtfgga%l'jfgflfé thé ?%2 ﬂilﬁg‘gggé/s &3&%%4&?;& the same host command to the
PaaSELn WﬁmMHWWmUW timpqn‘tr@li@" rofy pmrm\Aeglbm adpyleperation

ogrtg%\iré; allfdaﬁé Wrayne\n;ﬁ rﬁ&g‘?fh Q{::{1 bl%wé&@eﬁ@%&%@ a?)%[’t%n of

thNﬂfAQEOﬁm heicaPmyaTBREhe gmma'alrrmyslealat:lwmjthen mllocate a
sé&h&érﬁi %|o%k ardheR whtBhe % thﬂ? ﬁg@@%’t e et Gﬁl% P RS & host

he page poi nter dat a € nhext
ngn%@wﬁg&@@@ﬁ%@wq@m@ow block is retained
bet ween power - off and on, w thout having the
controller to 'rediscover' fromflash nenory where the
Mgaes@gererally, @gga; Vrie (ai reassemsand reduastise muitiplespdgegiscatfectively
dlblh@@ K\td ﬁdmﬁﬁﬁagteooﬂe%loﬂg‘ ¥y 'trfeaéonﬂbﬁ’&kgnd i R‘?e&ﬁ%? g:sﬁéﬁﬂc

Qrg}ﬁstruc ure i's retalned an
quﬁ@aB'omerQ@ntrelierw pereaim the/ apprepriaie pricharyorsegsndsay block
allRlc8deSortdiR WBhy fdgure 22 shows a flow chart
descri b?é}% the‘sp?g}?}ggdure on how the controller reads
the contents of the NVRAM 23 to obtain the current

LOBeR By cal ﬁlaﬁﬁm dlafégér€§ or&y iﬂ%rthgé of Wﬁ\ﬂh B9 afld h&R8ns of the

or wite command e contro

- oYerhepd date g2 pﬁtéaahdger@awy @a @pygrsoff eddhe e@pping alatacﬁjbr@élm NVRAM

2@'1%%1@@\%@@ {FﬁﬁLEH O§t§l? TLAC%_E N?Z(%Ju{)ﬁg Ff %ét Gle T_eéamed In

reads resse
ParteHliotor pdpgied b&%@k@p@ﬁ @Rhysmbbch@l tte aegs p@ptetaataumdncatlng

tHFRlex Mg b sQaI M%el df%&ﬁﬁﬁﬁat B ib I?@calngg'b%fﬁ/eeh lp%ﬂ?\)gr-bﬁ and on,

not mappe econtroller 1Is E@OCGSSIH
WERRHRRWNG e @nitrﬁttﬁrréatre@swat frae figgh anemory sdveck thagext free page

lssdh%i)ve'r%n StiRAFisé:Af & MickPolodifis ATk EQ& t@%ﬁf&y@@ﬁldoloékg he

controll er IS groce33|ng a MWI
agoRterest SArSTRIAET 4AP Gappind sifueiissie detpingd iaod ialigwstk cootroller to

p L6. The all ocated
Idgl?g)slgggépéﬁsg?égg? gs'CQ%]&P?éwﬁ%\&i%f W th status USE 195

(PB_STAT[P] =USE). At step L7, the L2P_STRUCT[LBN] is
Fightd 28dHo0Rt Hbvh BndrRbeddhbind the procedure on how the controller reads the

contents of the NVRAM 23 to obtain the current mapping state of a logical block. On
receiving a read or write command from the host, the controller translates the logical
address received to a logical block address LBN at step L1. Next the controller reads the
L2P_STRUCTILBN] addressed by LBN at step L2. The controller checks the PRI_MAP
field at step L3. If PRI_MAP is 0, it indicates that the logical block is not mapped. If the
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indi cating that the logical block is mapped to a
pri mary physical block, PRI _PHY BLK is initialized to
wo b@7atdeocat ed erased physical bl ock P, which PeT/sadoeooo3ss
the primary physical block, and PRLPAGE is initialized
to 0. Next at step L8, all sub-entries of
coRISTIRHEEN a6 tdthrhh 1188 Ghdi é@s fhﬁfjh&aéth nsgtohnr?tas shown

none of the |ogical pages I's nappe any
rnps(;%@ L4gng LS. gftquthg@theg ARt dhe eantraley emmﬁsmga write command,

tHe%%n@&st&-ﬁMcateoa% érﬁ@ed Ws?r?ajl bl%l?fd‘thla%g %%P ok)ﬁ%ts sjewn in

mapp e have a non-zer

S@Pé—ﬁ The a'iqcarﬁﬂrerfmd HWS'ﬁQirWQCé?% is marked with st SEN@SK s

P!Eﬂ %‘Mﬁ' IUF-USfE trkt%t@ﬁz,%ﬂ_ép %ﬂauéﬁrr_lahg} s%mﬂ&ﬂzec’r with B8 MAP=1
roce ure for otalnlngt I nNg state

'n@‘rcaanq gt ballodicad bleck i raapred tpfa Wmarmhyasrsal 2|oct< h%‘ﬁl _Ph¥Y_BLK is

inktR@<eRto 1hé Qﬂd@afé@%rﬁédgtﬁrzgeéml rcéll&l @rglﬁrm@trxlphysrcal

step L 10, the controllér sear the one "en
blogk, @ng FEAIRAGEES infializedsto s Next @rtsé@ w tarﬂ subgntrigk dbl ock

PEIB"STIEWJ@TEL‘BY\%%% rhfﬁﬁhﬂz@% Otn'i‘r'iréat tﬁ&%‘ﬁb%@tﬁenﬁgrgﬁtp hESis

in the unti | one Vi n

MERPEHe ARhYriElPagat thrﬁjemgmrs @pﬁ@T&ddo refisiad thes t he
t I

LEMISTRUOTLENS RETaPot LEN! R Rbelh RaliobPiied s wit have o
nejt-zegR PREMAPof  f ound entry. At step L 1 1, the

controller reads the rest of the fields of the found

whi ch are SA MAP, SA PAGE, SA PHY BLK and

A*s%ela iBPRL_MAP {seonezaio.dhe eAnkollst ohecla the valreof the PRI_MAP field.
If RGO R 61, kg thé%r&ﬁﬁ@ﬂerf@rdoﬂteﬂﬁmg%é BiH: dmgagszg ﬁ?egéto?a%grcal block

I i cal bloc LBN, which conSists

e NABRLBIAP s thevripe fagicablock drg ae;Asmumtecssem@y block. At
stSAJ.ﬁ’th@leKnt%lQr %r&%&% oﬂg%nﬁg i fgl éﬁ? TARRR thgﬁg agsociated

Frocee V\Ath’gerformn i cal age wites an

with logfges bloglgh-BRl The %‘Rmﬁleﬂﬁ@ﬁé thigpy sbectlrrmetbe whisias in thes3A_TABLE
UGt TEBGL W VdiRsSofs AL ald ig% #ré? hra@hi l@%sfo@?fjgﬂ s is the entry
lve 0

addressed)” plura |ty of” pages

*&ﬁ%?assg%é*@géw RriePlogk 6BN- Bolieesg. anistesnal preamsiter, sr. fecords
’rl’% th@sd GFEA lT'A‘BF_E df %u%agéﬁﬁ‘y CRN:&h D Pgh@éor{t%géﬁggdgﬁg%st of the

of 2KB each, then a host wite
f‘%’?%Pft‘PﬁéO‘ﬁtﬂioﬁ"@ysWB'Fh areswds MAR. aApra/g@g SA_BB‘éLBuétaad

swi Lsceppgs bl ock boundary. In this situation, the
control |l er breaks the host conmmand int osub-comrands,
such that each sub-conmand is naturally aligned to

At Bgicalof mré)ﬁr‘bcé&ﬁé St ch‘?rFHT!@F‘Fré(s o&tﬁm&& kv ﬁﬁ@ﬁ%ﬁgp&@%’ca’re of

first sub-command wi Il have a starting

I0gisaIpioql RN Walch P%srsti)abfée Sielcs Al MAFa PRARAGHR PRI PHIYABLK, S,
SAUMAPOSIZK&MG\E Bla_bRYeBEK $h@'dA rﬂ@ca‘é@ $he Q%nn’o%éﬁ%n"‘fhén

t he repmal ning 3 pages of user e su
procged with performing logical page writes and reads to this logical block.

There may be times when a host command specifies a starting logical address and a
(consecutively addressed) plurality of pages of data that crosses logical block boundary.
As an example, if a logical block is 128KB containing 64 logical pages of 2KB each, then
a host write command specifying a starting address of 126KB and 4 pages of user data
will cross block boundary. In this situation, the controlier breaks the host command into
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executed separately one after another. In such a

situation, for each sub-conmand, the procedure as
wooedoziosssed i N Figure 22 is executed foll owed byPONeGmING/000345

nore page wites or reads. Figure 23 shows a flow

chart describing the procedure on how the controller

supeioﬁtmarmw\sumlth@ eath lsng-lcéﬁﬂmafP@%né{BMﬂyI n%d ‘Pd‘g%fﬁ?ﬁ%ck
org)lé)g/g @xegutted after % ? srocedure I N gure
adRIY-JA 1% PXame CBR TS sHecomaanE vl ha‘t%swmeawress of
12$KB?Mnghs fiest pagd %ﬂsliflr l@éﬂa Egt?)ﬂ’ié éeg(%duﬁﬁbbe?&ﬁlﬂﬁlw Will ﬁahv@ a starting
ntr
oD 12 KR PR M 2oibunip boae atbeer Bpjavihe pub-sRmmBhes are
exiesutédd eepdrb@y&ﬁﬂe%ﬁ@Eaﬁ@thBlt & stidsa Q%tlé@@@ﬂ”@é&h'&% ;comma d, the
prngé]l n Oql%e é rtyzgere are still nore free ysi ca
PAGHE foYed Eigure 2265 BracHisdyol Wé.baaqnemrmwag@wes or
regdd.a is to be witten to a physical page in the

primary physical block PRI _PHY_BLK, as shown in step
WB. The physical page is the one pointed to by the

Figure @8rsyiowag ¢lopahat elesEHyi roe%luﬁst &Phé%thet ébt%troller performs

ntroll e t he P R
wil3'of il e BE Topsras iiapresiiseiatesltespracedure i
Figwgice alnlas bage eké?iNtedebEth‘é%nWFérltcS obmBinhkes cé‘ﬁer?t mappmg state of
lodi Egﬁ&g that the |ogical page is mapped

% L%ﬂg/SI cal block. The SRC PACE field |s updat ed
to indicate the physical page nunber of the page to be

i then. Next e rimar age pointer is.

A e T e PGBl oG ALP R BT LpgRex the Gontrole

ch@@@malpm%r&temlz PAREEIVAPSs t§ bethewrRit Pﬂ@%duﬁ\euﬁfé not
e nunber recorded In

th I
rofiRieB s BhRitutyhlle (5 R e et DARG: e hsicat pasiee e
astbmatBRpriddAR prysaldnieck), hﬁePBhtBA%dﬁ?wm&f torhaéh)fsﬁﬁ%‘a‘éé in the
X ver condition
pri ai%gﬁ\fﬁfgr fig %QE&J‘&#% S S8QWR InRteRIN: ThaPhyeive) SRgals the
onblpogied tousethe geitaryi ﬁagecpdnﬁgrlmﬂt Pégsepm Qeﬁ%ﬁ'tﬁéboﬂ?&l‘ér
0 as sh
el BEE ORI TEBKGLERL tae Siksenneadssmaset byitce ganaiock
L%M@Z chl_cl_pggug?JPLNBﬂheLﬂgﬂp NORP ést ﬂ;\@rk@@ %Is :1%&1@&;@?@&3@% logical
u
oo [RGPSELIS AT EEKP Gl AT RP R GaACE BRI iphoeeg o indicate
thévaiysical pagkmutniss éﬁthem'hgé&b Ib@@vrtttlléﬂt Il\l(éﬂ eatlj&fﬁhwétkl%a&%ég page
n i ock, an e
ol RERE felehdt i 2R SBE WR R eatiealean ERLE i, RRtAGE) i

theyf wiitten pittgeser datze alohy vigithe Neidal pade fulndier V8orli&Ein the overhead
econdary page pointer is incremented. At step W6, the

%y5| cal page({SA_PHY_BLK, SA PAGE}) is then witten

If on the other hand, at step W2, the PRI_MAP is 2 and the PRI_PAGE pointer has
reached its maximum value (roll over condition, i.e., no more free physical pages in the
associated primary physical block), user data is to be written to a physical page in the
secondary physical block SA_PHY_BLK, as shown in W7. The physical page is the one
pointed to by the SA_PAGE pointer. At step W8, the controller updates the
P2P_STRUCTILBN]ILPN], the sub-entry addressed by the logical block LBN and logical
page LPN. The SRC_MAP is marked as 2 indicating that the logical page is mapped to a
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with user data, along with the |ogical page nunber
recorded in the overhead area. (Strictly speaking,

WG L@p®38684 and WB nmay be omitted, since prior tBCEHRG2006/000345
subsequent read, any P2P_STRUCT 160 can al ways be
reconstructed fromreading the correspondi ng over head

secdattcdayy piysitet Fodie dnd the"5B0r PAGEGRI i2Gpdated 1@ feicate the physmal

ool G Bh o b b 5 N b W, SR e
inct@0ented| Atrstgir Weethie drasiealpage({8R_PHYOBLK GSA GR‘WGE}) is then written
wifFR8T B el RS b o Rol bbhend roe
cont_rol ler will translate the | og| cal address into
SR, o a by £8P BB BEHMEEnES b ang preavent
an}/ E@PQSTFRbé:g’ el60ldan raluvdiyqdbeerelcogstmaiedﬁ&@e Feddiflgangt b@@sb@ndmg

orkh stk 06y 0ok 1AL, LOSRLSFER Ghrase

to ha‘ga gaps Wagad WBginee B4 psduzss oaretdocmrachmgta s GTRUC 160 will

re%r?%r@&aﬁ%n%%{mee S&LE?\I afﬂ_e control I er perforns reading

page is procedure is only executed
after the procedure in Figure 22 has been executed for

. { L. {
CBEGAb S Bk R b S0 B P s case
theacordgileratill pagaatethd ExgidaPhtdresiatorraaltple Neidal ptaﬁ& to be read or
t LB 0 _obt
g n o R O
loglmmgesmmo@@_wn@lmléﬂatklmr\sare|mo B8 writibn,i the ngoc@dl.(xjrbtof Figure
t R not mapped and no
22 PRl R st of o made A step Rs, 11 SRC
MAP is 1, then the physical page corresponding to
, ' PN_i.S,.in.th
Fi 0% 3polE 8 o el MenintioR mdtR et lion s pnitaleg pogorms
rednjingPEl logeay pBgKLPNn Thistpeogedunais pniyaxecitsd aget 16 rstedurienn
Fi%ﬁgeg be%\l%;(ec yfg)fgp cog‘rgl[:ek?o% o rgl%lf:&r%%(gg?aadpgfng s?ate of .
los{lcFaRbloPIeIYBBLK and SRC > PAGE}. If on the other hand, at
step R5, the SRC_ MAP is 2, then the physical page

corresponding to logical page LPNis in the secondary
AtstepsRt dihe obrdroller GSitaips R8ogited wagd hanbéhieP s eciomekariyNext, the

V, A Y BL he
coR ¥Rk gé?zirds@é?’c STRUC Lﬁﬂg@@aﬁﬁﬁ\@g&%@% R8¢ SRG_PAGE
f|elﬂse§*b sRRp, R& ﬂ'heconlrmlblr bbechselijRChMAE’sfwid ihedted RO it is O, it

SA e A PHY
Rl P pa BN B9 B e Pl v m i P
At stapcial uirSRE dvIARI$ dcthen dre mﬁys&ab;mg@mia*eyp@dmg}(toﬂ@gicﬁpage LPN
is ’gﬁ[g% use@ %ﬁglg%.\%%lﬁ%’cgpt &8 shsows thap t%e%%marr)? pll'u%rlca?glo& is given
by PRI_PHY_BLK, and the primary page is as recorded in SRC_PAGE. Next, at step R7,
the controller reads the user data from {physical block, physical page} of {PRI_PHY_BLK
and SRC_PAGE}. If on the other hand, at step R5, the SRC_MAP is 2, then the physical
page corresponding to logical page LPN is in the secondary physical block. Step R8
shows that the secondary physical block is given by SA_PHY_BLK, and the secondary
page is as recorded in SRC_PAGE. Next, at step R7, the controller reads the user data
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i.e., one that has SA MAP=0. At step S2, an erased

physi cal block P is found froma pool of such erased
w@byogiosssk4 bl ocks, and its correspondi ng st at usP@BSG2006/000345

STAT[P] is marked USE. At step S3, the selected

SA STRUCT is initialized, such that SA MAP=1 , SA PACGE

froms{physdidal aldck,qﬂw)ls@appagemef mﬂwm&eéﬁmﬂm@@ bl ock P
is recorded in the SA PHY BLK field, and the’l ogical

bl ock LBN is recorded in the SA LGC BLK field to
Figunel 26 sh®ws Aaibwtdhias oS4cribir a '\Agr&édwch%ﬂaltdéah&%fcaaéecondary

ck LBN. F t he
b"LC%?P [W@é’i Alsten S Teg contrler sRipcinae upyRer SAHSTRUCT,
i.el, 0pé cralt hbs 8ok MAP=mOW ﬁ@p sedath erdseR pﬁi?é{éeu SRk Pli9fpd f:%m a

phy | blo
oob{ TGN pBILS pERL LRSI A0 8 oecondary, Py epeal RLerk
ma@rkacUSE Atbét@;@BS e Gelaidd 39 IHMGES if iRftiaeaSslich tﬁé{@t MAP=1,

fr si.ng .th TA LE 104. Each physical bl ock 50 of
SAH"%@?U liz §t .%a%?ds?iyémk bioqko%arﬁ@md%m the

SA_IPHiYC BLE ﬂetcs aug a@belogkalttsv@ok LIBN tsh*eéor‘d@é mstﬁb SAt DGCSBﬁﬁf’fleld to

94551 S, ELRUER 20 G0 AACE £5, ot e o

of abp amwm[wm@ @@dah&dﬁ@\ﬂ t6 SndicERE ke theAo it ABock ¥ now mapped to
rnati ve neans asi de

ca
i TR GeE BIBERS, & RN Blogh and Frsechis sy BRMBRE Dok
enbodlnent the page Iookup tabl e P2P_TABLE106 is
stored.in whose content is |ost on

TRl P Apalive Marnt g OLRLING SEMCATRER BSIcehOIP g A marking blooks

foldrasiite apars fromaisiay th@a‘@ Tv\gLEhmJ Eaéh PRABRaNBBE moﬂ ffash
and i.f it |s can geretrlevedfrom | ash

m%%m%;nawtgglg BPR Ci‘%@ Grindicig dis UsRIBFIGRR. IBdRis fespect, the
stetps -indiexiéd bg Fairaia2 N ahd Figike 258 ioBdIBEAhgTNP6i8al BlockR@n be

from c res ondi ng NVRAM struct ure),
Peﬁﬂ@“‘%ﬂ@ %{eafé? VB SRS HK %gnar%@ Plpekeior fiegHierFapthe performed
byritematiye pleyins asitle hbmipdamﬁg RePPITABRIE/1@Nd secondary
physi cal bl ocks. For a nenory systemw th physi cal

bl ocks each having N pages, the tinme order of

In }ﬂ’rque@enmﬁ@odiﬂn@t | thgibage lobkw{éb]'cléSP’ﬁstTfKBLEl% is stblfed Jn vola’uie
of writi

F"é“él?"f“%%?"?]*?ﬁfés {5t P%\P@%’?f-?ff %’é'or F%feﬁfi&ﬁﬂr%%g?gﬁ %faa 'oglsglebkepk its
IogFl)«:RJ;I phys iccpilysapsadendppiny is hb@a é(ndmlrféé lgraljgéﬂ lglélll‘étneved from
gD TR Y2 T IR P Bd loelcAEDIPEK Fart e aoPRsctpeusing he

cufreuwmwmg state cpfageldgldanlﬁd‘W?ﬂoﬁrabormancﬂ:?b N)VF@‘E/I ﬁFudﬂf}éy and
rom pnysi ca

| kPR P
th%gié%r B e t‘bﬁé%? ‘88 M‘Mﬂfﬁe w'mé&rﬁva&@ |Plegy 85 thg primary and
sebbmiaky msma}{blauk@ Fﬁaa meﬂmgmlﬂrﬁ&y@feamm@ 8t having N

pa% %he r%g orc?er o?coorggsrettr%r%r}gem aqgglcal bli]o%k Is as fo\ﬁ/gv(/sd

o If (PRI_MAP=1), the time order of writing pages, from earliest time to latest time,
is from physical page 0 to physical page (N-1) of primary physical block
PRI_PHY_BLK.

* If (PRI_MAP=2), the time order of writing pages, from earliest time to latest time,
is from physical page 0 to physical page (N-1) of primary physical block
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order reading of the overhead data of physical pages
according to the tine order of witing. The process is

walemastsed i n Fi gures 26a, 26b and 26c. Start i PQI/862006/000345
Figure 26a, at step T 1, the controller has transl ated
the | ogical address received fromthe host to a

| ogi erll PHYOBKKLanbwe%tbﬁrcﬂﬁ physichilfags Bhé WSI%IPE @dgqt-;) of

state of LBN i s obtai ned fromthe Correspon
st r (RECARLRY PRYSeRARRIOFK 84_BEYaPLKd in Figure 22.
However, for this operation, the steps of L4, L5, L6,

d are omtted, since allocating a phyS| cal
EdA 51578 ReT 1 &ehi & leaical hloet ersy bariseensiruated by elpingas forward
orBE%l rebéiRg oPtheldVBrhidb® @Sésoffp'h%\’::&ll?ﬁpés 5@60%1@&%&3 tifhle Stl&RbE

EE MAP i s checked
W”tﬁ'@r g Brocessip deprribed i E'@P“ﬁﬂ%ﬁ?k-?@tmﬂd %&hot rmpped as
indicated at step T4. If PRI _MAP equals 1, at step T5,
it indicates that the |ogical block LBNis mapped to
S%H@ga%&%f’a?% BLRP [ hr ‘ihﬁr&PWfallﬂv e rngiated ke loglexitaddrass
re8éiegsirerh 1 ekt 8%10@[ SloBeL BRI ﬁ(feéjcep *I"Q C{h& alisht By %ﬁr%pstate of

gure 26b, at 0, varia

i
L%‘i&e(’h?a'r'%d ﬂr%tthedq:qrgeéao?ang) daig Sé"('a'Perstlﬁ N\/H?é\M,uaSQetalled in Figure
2 HeYeasirest tIﬁIQ@Feraﬂlﬁ%tthe SkpS by, T_%lLG Lb%d‘?_‘éec{rg safhdiAtRce

of the ph e nunbered page_ rimar
a'\&ﬁ?/*g]gcaalgh E@ ‘gm opiggUisgd)in pHher waais artrﬁéen: tif RILMAP==

thé lokgrss fawl lcﬁﬂ‘t Eéﬂlﬁmﬁ%%r Aﬁ@tbgggg!bm .WPL}F‘S% &Q&e@agﬁ%lf s zero, it

'né’@?tgs l}??g {%'PQ'ngicgﬂ Bﬁeﬂ%%p { BRppedRs indisaiedd pispdidng t o

| ogi cal page LPN) is updated with SRC MAP equals 1 and
P ual s the_current physical page nunber,
1 BRGMAT fadtleg, 6P T, odoateh ek iredegiea Riesk B & mapped o one
erl'sichl tock (bhmag sHyeieal HAEUIS. NSitNAE S%Q %?ﬁlﬂ%tzdgaﬁg Ee%tjnlued

to the Se uentla order in
'“@8@‘89 %WSE%QEF’ reisk i) owe| téfoﬁtemf«?%t\/éibabr@nagqmgenmahzed to

0 toSpdititad G@mhlqﬂoér@nﬂfédrﬁagteoN%ﬁe af‘éiéé T@ﬁ@ﬁ‘e ovfétrhéioed}hta_ SPthe
pfﬁlﬁﬁpplsc cked to determnel has reach

agesNYmpereq prge: of48e BHFALY ng}vé@elst&oqks(PBb.&e%\f&% dg read.

 THeormekér ékﬁﬁh‘@ﬁﬂnh {heRrELdRBGoRRR PR KabeLAN:EL DD i e page

u ated.acc |f at st e T25 has reac
#é? itehnil wﬂﬁ q"g/)(t Qorsbrntr r%f%ﬁlpé IR (eerarsponding
tonigElch pahé LPR) sapebrd withesRa! MAP‘@%B@Q%@%% qﬁABGE equals the

g l_‘a agﬁji?h Si cal %a es of PRI_PHY BLK have been
physe M iR SRRTRITAT T2 ifithePegs Bas not written,
the lp&tcebbl end:iS? @In@@ |sulbée@;@15nt'—d%l§els Wllﬂﬁ@d@ BElfrb® dlidv® tRBYseHG&Htial order

0 hysj cal, bl ock, and a secondary
;‘M&é]%éaq Saoiad Db ielecis ﬁb?iepﬁﬁ‘ll\meelqwcsenzente%@ point to
the eneaiw‘ohystw RS, f;ﬂ‘a@é n|sl chédiel 1é Qétan*ﬂﬁe R “t' h'é@rré!ached its limit. If
# g % ure 26# and then foll
n h‘éﬁﬁ% -ASENbIY RIotesig seRaated faiihe %%S@%Jegﬁlq#pa% aﬂfé)
PEP mmeﬁ[ﬂswpﬁpﬂs EIYabdtabeoramg@/Sw af stbh %25 82989 reached its
th\sn ctal. %oc SA PHY BLK is re o
maximum fimit, then the re-asseribly process ends. The limit is reached when all

overhead data of programmed physical pages of PRI_PHY_BLK have been read.

If PRI_MAP is 2, as in step T7, it indicates that the logical block LBN is mapped to two
physical blocks, a primary physical biock, and a secondary physical block. Continuing,
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at step T31 (instead of PRI _PHY BLK at step T21), and
when updating the P2P_STRUCT at step T33, SRC MAP is
woreworese24 (i nstead of 1 at step T23). At the epdr/sG2006/000345
reconstruction, the P2P_STRUCT cont ai ns mappi ng
information that reflects the nost up-to-date valid

fd?@%SMAP %tquélég *P\@@@-&t%érﬁﬁl? "b EJé?JfonﬁeJi QRE ﬁﬁlth@h%ggﬁ%lcal block

| ogi cal bl ock mappe one or nore

(FBSPLETE 1€8b). éﬁ@ FT‘%H?‘QV‘@QI b @}E R aﬁavThegstapqwaﬁlamneﬁﬁcw similar to
F@DVéSQG@ bxéé%g hat tHe"lﬂ'g@s W%e%c@%r@bfﬁa}? 8@&%’ @ﬁEEﬂ?dBLK is read

cal pages t he ma s1cC

agstgra b Ansiedd %faﬁ R'pﬁb’é’ _Bb ptep 1B 2andméesrupsiatingithehei r

f
PereSTRRS i RS B SR A f

controller to identify, anong the one or nore physical

Apﬁ*@%ﬁrldr&‘tﬁer@c@m@tﬁaﬁ&n tHeHDO B ZSTFKL\BI?I' P&ﬁal Wp&ﬂl&l%gﬁat{on that

hat contains valid user dat
f%‘ﬁe’fsgsm/@io(%t&m toegee @i'%meam@h@abe@n wcnerms paogica) bipck LBN.
I ogl cal block having a common LPN 82 is effectively
erseded. Wiile only a single enbodi ment of the
5 lgicabplofamanRaso @Bg oF Mese Physicbblarks, &ookh ehysigahplock having a

pM?dllltyﬂéfl ﬁh?§ceﬁﬁ3§g@§$ﬁér@ InfayMd SHd ot Rt 8?? ?mmeot ;ﬂﬁ(smal pages of the

i nventj on efined by the appen

mappey ARYSIGREDIRRIEB 1A 35 CosrmpR dogige) paas mmb@n LPM8R\(rbeorded in

tdasveiead daﬁy IWR¥edf th@’f@éﬁﬁ‘cﬁe of 'réc%%t)‘uctlm'olf Q F’élq-’ tSl‘f’QUCT 160
ment descri bed ab ove, each | ogi cal

Wﬁgi?'swwéh%%@“a& teddanitifyn 2MABY e enecel mmec:&wcalanafges Qavmg a

cehirRhN#N 82 t@”@%ﬂ%ﬁbl ﬁgetthﬁt doﬂ%\}aﬂa ugéydg‘lg \X/Iﬂrerga?a in at
in which this is not

'qaéb?ftea?hysucelo%ge@éFheu@ryéﬁ@sblg@@nemdéa av{mlhalabl%d@maﬁy

cOhaek.LPAED i§ HB&hvBIy-IthaBFe@nd SRC_MAP only take
values 0 or 1. This first alternative enbodi nent be

consi dered as equivalent to the enbodinent is as

Mﬂé@n%@ﬁn@@ @iokithdnfer $ha FfvehiidH hddWed i FibdY in detall above,

SA STRUCT elenents is zero. Froman alternative

MBNY\YRERLONS Are PRSSble Within fhecsgone iof the dmsodipiast detfrned foy the

|
ISR 4 B Pl B

by ¥ay Ok PYAERIBN at step L3 is negative, then the nethod
termnates. (b) In Figure 23, steps W2 and W toW) are

om tt ;fl.,c%ln Fi gure 24, steps R5 and R8 are omtted.

Firlu G he igpiiept dsssiibrsaboe, srarpuiant Bpaicmaybscomo

assieRdedRitt twossteeRrel becid! & At ﬁ&érﬁ&t@ﬁﬁ@ddﬁ@ﬁﬁf kR fion may
?rlatlon of the NVRAM struct ures

ormed in which this is not the case. In this case, no logical block ever becomes
associated with a secondary block, and so both PRI_MAP and SRC_MAP only take
values 0 or 1. This first alternative embodiment be considered as equivalent to the
embodiment is as described above in the case that the number of SA_STRUCT
elements is zero. From an alternative point of view, in the first alternative embodiment
the flow diagrams above are modified as follows:
(a) In Figure 22, elements L9 to L11 are deleted. That is, if the determination at step L3
is negative, then the method terminates.

(b) In Figure 23, steps W2 and W7 to W9 are omitted.
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still storing the nost inportant elenents of data. It

is apparent fromthose skilled in the art that there
wae@7abgees nat i ve nmeans of form ng tags or i ndi BEL/SGH06/M00345

the NVRAM structures, and alternative organizations of

the mappi ng structures, to essentially indicate if a

§§b2ﬁ|§6&sR§aHH¢Eﬂﬂ%Qmuﬁ§Pped to one physica
or nmapped to two Fﬁ sical bl ocks, and

F'ewrer?és}w%ﬁm@oxfﬁﬂ intteg Brsf altareative mniagdimentxt fr ee
physi cal page of the mapped physical bl ock(s) when
witing to any | ogical e of associated | ogi cal i
Serasely, aieinaiye embedivesnis y‘cg@ﬂV@H@Wl%@?e HVHAE(L SHCHirgs, while

stﬁl@térﬁhg%ﬁ@h%sﬂﬁfﬁ@ﬁé(ntféi’éméﬁté’ 6\‘ az&a ug ﬁJ apﬂfé&éht fﬂoﬁﬁhose skllled in the
non-vol atil e menory havi ng a lurality ¥S|ca

arp thet there drgaemaive man% pb@km'naﬂaﬂf @frlg@ﬁa’r@@dn hrx VRAM

stmcwr@é Ia'hu aRErmBINES b ahizPRIR D tmap&hg §ir§<§thre§| Bssdiiailg
erasable as a unit "and each physi cal Bage bel ng

ingicatedin boigakblpecia apmaragd. ananmet 1o anenrpyTieal bipsk ar marrad,to two
Wsl’c%f‘lﬂ@&(st Qn&&@rl:e%poﬁdilhg bblﬁﬁatrs Wﬁl%‘tlﬁ%tf@aﬁe@d B8] bﬁﬁdanﬂage of the

f'or each of lurality of Iogical blocks
”‘EEP%@WS%MO(M@W&W \wl'tmgkfo éﬁbﬂ loglicah P?Q%Bfo?ﬁ?rp%teﬁ' .lqgg,qal block.
one of said physical blocks; (ii) for each |ogica
bl ock, a respective first page pointer for indicating
a page of the corresponding first physical block, and
(iii) second mapping data indicating for each | ogica
page of each | ogical block, the physical page of the
correspondi ng first physical block to which data in
respect of that |ogical page was |ast witten; and a
menory controller arranged to performa wite
operation in relation to any | ogical page of any of
said | ogical blocks, said wite operation in relation
to any given |ogical page including the steps of: (a)
using the respective first page pointer to identify a
physi cal page of the corresponding first physica
bl ock, (b) witing data to the identified physica
page, (c) updating the second mapping data to indicate
the identified physical page as the physical page to
whi ch data in respect of the given |ogical page was
last witten; and (d) updating the respective first
page pointer to indicate a new physical page of
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the corresponding first physical block. 2. A nenory

system according to claim1l wherein the nenory
wa@oenwnsdeker is arranged in said wite operati oPCT/8G2006/000345

performan additional step (e) of witing in said

identified physical page data indicating the identity
Clailnst he given | ogical page. 3. A nenory system having:a

non-vol atile solid-state nenory for storing user data,

the non-vol atile nenory having a plurality of physical

bl ocks, each physical block being organized into a
Lol UAWFW%?VSS?@@%’QQ' pages, each physical block being

erasable as.a unjt _and eac si cal page bein )

wr | EABTEVRE P@E’aﬁéﬁﬁeé“%re%%ﬁ%%"%usﬁaa feqenaofatigpgmory
haahgarmwﬁliﬂygafah@@l b'bp%s,badf&ﬁlbhmbmgr 6@}29 otgdizedintd @, plurality

r.each of a plura of .| ogica ocks, a mappi ng

of BRI Rk serEpmisiel HPecheing gf%ab@ﬂseas% dgchiphigioal page
betwgenrithbis aind rpddebiccad a bhigpcks; (ii) for each | ogi cal

bl ock, a respective first page pointer for indicating

a pageapping detecnemeyrpondyeytd stogt: physi cal bl ock, and

a menory controller arranged to performa wite

oper(afirsdmappingedagd indicating, fomedchof e plurgitgef lodgicamockE, a

By SO ke 8GR GR o TrpREE P londiel SiTErpgpal

blagkéing t he respective first page pointer to identify a
physi cal page of the corresponding first physical .
bl odk), fo( #3chipgicalnipasse resgattivetfosttipageipdawdriiér indicating a page o

ko & eresdosiuetust ageipdbriii iadoating a pa
g S AaPB A pbloA RPL PG The i denti ty of the

1 0 H . . . ] t . t .
01 90 0 AR o HPLALA PR DR OIS o ik
theiplnysicahdagelefihe correspoading fitst @hydical bick to whioh idkiagd respect of
th@g%@éaﬁ ﬁgggg%% ISy RRkssdgany user data and identity

st cal pdge of the corresponding first

hvei . . ‘th the Logi cal
page R ol AU Yo ARAM NI, elstehlf e BN 3 oy
lOQZCQ% Page gf anysof saidihticdl iacks.csadd weitepoperation i felatmindo any given

' : is stored in a random access
i

_ ry systemaccording to claim4 in
Whi qh) &dind BRStesFedifs filsPPaddl poiftkFio identify a physical page of the

corresponding first physical biock,
(b) writing data to the identified physical page,

(c) updating the second mapping data to indicate the identified physical page as
the physical page to which data in respect of the given logical page was last written; and

(d) updating the respective first page pointer to indicate a new physical page of
the corresponding first physical block.

2. A memory system according to claim 1 wherein the memory controller is
arranged in said write operation to perform an additional step (e) of writing in said
identified physical page data indicating the identity of the given logical page.

3. A memory system having:
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mappi ng data nmenory is stored in a non-volatile random
access nmenory. 6. A nenory system according to any

w@e@cesiony cl aimin which at | east a portion oOPCEH8GZN06/000345
mappi ng data nmenory is within said non-volatile solid
state nenory.7.. A nenory system according to any

S Ay Py O G, e
hayingrg rggra“tmé pBYsicat hlorks waek physicalibtpak bying dryarizealinte aipjurality
of%ﬂ i %Qﬁé@ia%&h iﬁﬁc?ﬁsiha@blbagb&ﬂ PALREH as in% E\dh p%?glgal page

ry haS a regi stering sal page pol nt'e
begpg wiitaalgng r@@%ﬂb@ﬁlﬁa@@@ﬁdl ng to any preceding claim
wherein the mapping data nmenory is arranged to store:
a t @MEPPIRY PAg raepPiyraranggd &t sterir i es, wherein each
entry is uniquely addressable by and associated with a
| ogi Bdirstmapping dasingicaling, foreersh of atdiyyallinef lagichidilecks oa

méﬁﬂhéb@cﬁv‘e@xg o8& IHgRAISCHPAA B&réé‘gbg?lﬂggbé? \Ml%ﬁ@bf i@ llérsncal

A nmenory systeémaccording to en depe
b"Eﬁ‘fscI aim7 wherein said page pointer and said fields
are portions of a single first table. 10. A nenory
syst@hﬁ%ew lavingy Diosked sespegtiverisat W@ﬁ@@d@?ﬁfobﬁd'@&%ﬂgﬁ Bage of

the/laerr&dponting fift bﬁ&snéa@@‘o@k'aﬁ‘uqﬁ ored in the non-volatile
random access menory. . A nmenory system accordi ng

t 0 cd AefMody Edntroliad emalmgeﬁ 'Eb E@*fcﬁfrh £k REicRR Flation to any
urther includes a first for_indicating whethe

'OQ'ﬁ@ PagP PLapp i ovisd t&%ﬂksb%‘é Kritesopesalioni i felatiax) tpwnm given

loitalpagh Meiichy thel@pk of:12. A menory system having: a
first non-volatile nenory for storing user data, the

first) Oﬂﬂ wel r@&;ﬁécﬁv@ﬁ@@ AgpoiheicAdBNtIF Abhislcdbage of the
O{) rg:fs‘ i) ﬁ'l g?ch physi cal bl ock bei ng” organi zed
¢ rr%go ’Iﬂ JFta‘? ypigaldHodkny si cal pages each physi cal

bl oc sab as, a._unit and each physical page
bei n(g W'*'Q%‘Hﬁeé glado F'Fa'&’ﬁﬂ'i'f@dacg‘yé'cﬁ'rﬂa@e a second

the secq organi zed into a
o1 ur Gl e SEE e B o R datonfigatng the identiy of
thagoeadodidat pag@idbyt e being witable and readable as a
unit, the second nmenory being arranged to store data

map pidin gpdiating ¢ied pdihtec kscording @5 & PEIRANRIEqulKEs;cal
bl ocks; a nenory controller arranged to store user

dat awherebgitice Gsear siatenamt idehtity dhia witepry said identified physical page
supersede any user data and identity data in a physical page of the corresponding first
physical block previously associated with the logical page.

4, A memory system according to claim 1, claim 2 or claim 3 in which at least a
portion of said mapping data memory is stored in a random access memory.

5. A memory system according to claim 4 in which at least a portion of said
mapping data memory is stored in a non-volatile random access memory.

6. A memory system according to any preceding claim in which at least a portion of
said mapping data memory is within said non-volatile solid state memory.
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at least a portion of the second nenory being

non-vol atile, at least a portion of the mappi ng data
wheingsstored in said non-volatile nenory. 13. BCTYRGTIN§/000345

system according to claim12, the second nenory being

arranged to store: a table conprising a plurality of

7. ent 1A resmonhsseimacmedin@ il drly précadiigiiiahywirsieingss ﬁﬁbﬁinﬁ)ﬂata
and associ at Ed with a physical block nunber, and eac

meép]?ryys IEnged Oﬁto[ﬁsage status of a respectlve

asso { si,ca ock of first non-val at|
95‘ bpRvRRE {1 t%tf'%?n“ﬁ@e%'? GRetbentE g |ua1qw'xgddressable
by\mhd raesatidthd wita ado@taibuﬁ:kt aritesherdinleadis bninphas & fialti 86 re@istering

first state indicating the physical block is erased
sagrpc?g]erpg gr or allocati on, a second state indicating the

phy i S curre ed to a lo
o Bl ek LSBt Sreeb et et that SE Gveerpndne Flpan cata
memaly saarranget! iestpleisi cal bl ock is ready for erasure,

and a fourth state indicating the physical block is

not afteble having aamhrahtwa ettdes, Mera@n BRETOENtNSY Sihiglkly addressable
by%%ﬁ%eg%cgaq%é R/ltﬁ Eféén(&éllé}%;& r%lﬁ %g&%]glntp{ Elgs? 5 [fig]gqgrq'egt;igtering
sawlaerrespercirgdirstennysigalfdockst ori ng user data, and at

certain tines erasing one or. nore of said physical
9. bl odkmemeposystdm etcardieg &r claieds whert Bspendent sreelaifyo? wherein said

pafl BT Rl e R Rhos B ROR BRER ) of Bn ¢
107595186, R SalorBhR gl DEhhch B! i Bl e

firgt gablevisi storag !mmemonmmmesanm astestendrooryhi rd st ate

when sai d physical block is de-allocated for witing
11dat & memon syisiantl astcndiag taoclainT % br gaiat €0 intvehictsaadh said entry

I tate .t
Y Piches 20 o A7 (R B g WEBRE: 1 Rl Br B G S ook i
aspoaiaird méh @it péi\MSlealrbmckcondl tion. 16. A nenory system
having: a non-volatile solid-state nenory for storing
12yserA WgMQLY SY¥stermbAvVIDG| atil e nmenory having a plurality
of physical blocks, each physical block being
or gl yalasieamemenaior sipriog uptyietas fle fraiges -valatitthmemory
I
“38’“93 el PSR Dok, 328 ehal Batbond a6l nig a puraity
of RRYYIFah §agRs: aa%mwsgﬁaéblgek b@nwanaaabla ds @amltnag]d efaoh pbysidal page

befify WritRbid'aRk rdabaBle ALILAR!

a second memory,‘the second memory being organized into a plurality of bytes,
the bytes being randomly accessible, each byte being writable and readable as a unit,
the second memory being arranged to store data mapping logical blocks to
corresponding physical biocks;

a memory controller arranged to store user data in said first non-volatile memory;

at least a portion of the second memory being non-volatile, at least a portion of
the mapping data being stored in said non-volatile memory.
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bl ocks, a mappi ng between the |ogical blocks and
correspondi ng first ones of physical blocks; a nenory

wa@ oo sseker arranged to performa wite operat PONSGIN0G6/000345
relation to any | ogical page of any of said | ogica
bl ocks, said wite operation conprising storing data

13 el & mngwomswtezaladcdrdlgg tatlapaye, thé secs ehmodibetlg arranged to
8JOCk in a .physical page of the corresponding first

ﬁy5|cal block said menory controller being arranged,

L T I N SR AT R

a@eﬁsemiatptiy\&thcaabhyslcebbdow ndmhdn,eaNDD%dc?S@mfiEftgdé 8 tﬂls&g”:é status of
Wi relating to
2 {Hsfedive Ao RHBT PRI E"\é%ﬁ% o OO mBEG8S of ¢ he

4§ o A GeRONEbEm ARt Y aal "5 RiseRife 57 S SkePat et

fouegiplesig data nenory is a random access nmenory. 18. A
rrermr%/ system according to claim17 in which at | east
a pdrfirstatatefindicatitg itbgphysgabisibek isemased drgl feee for allocation,
non-vol atil e random access nenory. 19. A nmenory system
acc dr gHeagd Etat%thﬂylicefing:lwpimsidﬁ biazk I8cimentfyibeimgseapbed to a logical
bl aHAG Rk R r nfgLUslePETf‘tﬁ criterion is that all pages of
ca 0

sald first physi ctk have been witten to. 20. A

Menoy fir§ $ek& mgl'é%l{hd‘g'ﬁ Xé]&ﬂ LYk Ha%l Eyuﬁ(t: \(;':}rqgig a

storing user ata on-volatrie

pl urBdolftt ste M %éhﬁga%hekﬂh?ur a’blo%ﬂ(@?mﬁ%rcr é

belng organi zed I1nto a p

152aC ) PRI &) %{é%gorgﬁyb %l?fn‘??@bl e as a unlt and each

physi cal page ing w e and readable as a unit, a

a %g\gw&nﬂ%ﬁ& drangey tcﬁﬁzﬁt‘@'ﬁ?@gs Bpseﬁcﬁ gI;\ ical bDoFlEé 5\‘%?‘[ nopvolatile

ng data indicatin ur al
MeBgdel stefingcyes datana@%afrf@rt@@ttm@]er@amg oheg:r owire bi mﬂ(physwal

blgdkd @po‘ﬁ%ﬂn%@)@@é% Bibd& ardRe R 2R IOR htY]? sfé@g ?bg&e{ﬁ\g an

data indicating
rérﬁ' of ﬁ@d &Mﬂhatﬁ&teyn é?cqnég’ioﬁé(p‘abledbﬁ@orymfmmﬂsagaﬂ@élpmcal block,
inéil@n@r each | ogical block and a correspondi ng second
one of said physical blocks;a menmory controller

frov FiRDE8R tb@eBSid QBB vihaM dalLpiRREALIbADS i d\g@m&@f‘or writing data,
non-vol atile solid-state nenory of user ta 1n

frclfrg Sﬁdgla Bt tcihird SRS Whb@ dai@ PRySEallbisekid HE-AliddaYedlbr writing data,

from third state to first state when said physical block has been erased

from any state to fourth state when writing or erasing said physical block returns an error
condition.

16. A memory system having:

a non-volatile solid-state memory for storing user data, the non-volatile memory
having a plurality of physical biocks, each physical block being organized into a plurality
of physical pages, each physical block being erasable as a unit and each physical page
being writable and readable as a unit,
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bl ocks, said wite operation including, in the case of
a logical block which is one of said at | east one
wo ogrosd62bl ocks, writing user data into a det eP@i/aezh06/000345
one of the corresponding first and second physi cal
bl ocks. 2 1. A menory system according to claim20 in
whi & mapping data mmmesiatmg)daimnﬂluaﬁrrggfor eacH dfea pla&fﬁty(ﬁf I®gical

blolﬁl@ 'a%%ppﬁﬁqgﬁ{tw\é’gﬁ ﬁ% lb lc% rﬂ)‘?o ;cggg%@p&nﬂ% ng ones gf physical

bloﬁkﬂ | ness criterion in respect of first physical bl ock
is net; (b) if determination in (a) is negative,
i de ﬁﬂﬂ¢f9¢>wg=oatrt|d}w sirerzgedia geriofm theite operatigroindelagor to sty
ion i.n
logRRY Badelyr sty 9 Ko il biot, SEITIb Bl Edpficing storng aata
releiinorie epaitticgigalyegentia playzisioglaal Hibakdhk 2 phipsicd] rgavof theng

.coﬁ&?%n&'uﬂé% gn)?gw@a, bﬂ ptified physical page. 22. A

accor |ng toclaim2 1 in which the

ggg%@ﬁ éﬁ@ﬂ& %:pht%lleF Eel\%’ﬁfrghg&g rug#ﬁ %Eﬂ)h&ﬁgﬁ ggoggggl%&ss 8r|terlon
beipg mreiin tefbp@qf’t of ﬁ@lftrﬁlphpag@sblmﬁk t0 gasveintel aogdcoat] pbymmd block with
thehcg)ér‘égﬁ&{qu” rﬁgl's’ﬁ%dg(?!arﬁ]mnéﬁéﬁtﬁto%g é’%ﬂﬁ%l?e n'E%tlogllc:al pages
of %\steleglpalédocpkogupams @fag@seqoswdmhysnceirbtm the first

physi cal block, and if said determnation is positive
17ur | AiAgMeatsysiem Resopsing TOdﬂaIHD‘rfelno@hld’aatdeab eqiofticecbf said
mapBRiycRta PR ﬁﬁs% faf&orh Bk ssprné’rﬁ}) bl ock and data in

respect of er of said logical ‘pages to the second

18Phy rﬁé‘tlno gt%o r@é% W r?‘ltvﬁmm% L9 pBrtion o Spid

non- vol at | I menory for oringuser

MapRBY KRG m@rrm ‘IS@ ﬁﬁé‘nﬁ%ﬁﬂqudﬁ@ @Cp‘\o‘sumal‘nptw of phyS| cal
bl ocks, each ysi cal bl ock being organized into a

19y uf\arﬂﬁem9ryom'8§nyg¢0@éqlnqof@gaéw of eteims p6 jo 1¢ inl wiithosiid ipbysical

bioBk ﬂﬁlﬁ@ésemﬁéncﬁh W Rk o FBQgé'éatﬁtbaWéf &@lﬂcglatﬁ’@ckq{? E%een wrltten to.

witable and readable as a unit, a’m

goarrﬁr}ggqopwsyg{eg{ ﬁav,r(gi ) first mapping dat a indicating,
for each of .plurality of sets of |ogical blocks,

eaca r@ﬂtvd&ﬂi’lé“ﬂe%meﬁﬁ%ﬁﬁ uQé}eda?é tl’f%)ﬁzfno | cg? lr%lgﬁd}zll'\avmg a

bet ween

P'“éﬁ%v %lf dtwpie é's%%‘%\@n ?ﬂ}hfnhwgﬁalmcwel@w@g@mlzeﬁﬁnm@ dplusalityiof
phydiss bagés, *éla@lﬁl KBystdal ﬁloél@lﬁelﬁ?%haﬁﬁfe & urﬁtgérﬁaéachlp%gggal (g%ge

espective first page poi for Tndicating a
beY‘ﬁé‘PW? @@%Bﬁ?fﬂﬁaﬁ@ ai‘sle’r@”t‘t set of physical blocks, and

a mapping data memory arranged to store:
(i) first mapping data indicating, for each of the plurality of logical blocks, a

mapping between each logical block and a corresponding first one of said
physical.blocks;

(if) third mapping data indicating, for at least one of the plurality of logical blocks,
a mapping between the or each logical block and a corresponding second one of said
physical blocks;
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(iii) second mapping data indicating for each | ogical

page of each set of |ogical blocks, the physical page
w@boorlosseeor r espondi ng first set of physical blBCRSG2006/000345

whi ch data in respect of that |ogical page was | ast

witten; and a nenory controller arranged to perform a

wr i egnerpey aohteller arraageat ﬁoq:eriocm anwrite oldenaad)n g theaionamiatile

soli?af stﬁ%' rq?rﬁ&f)mf ?xfserj c%t% ﬁw IaQP s g? %@{ sspgeiggtggﬁolq gf) ﬁ%&@l% 'S logical

blO@k%ps of : (a) u3| ng the respective first page pointer
to identify a physical page of the corresponding first
set saifl Wy speratiorbinoluking, indhe wesd ofregjogialdldak witieh is one of said

at I'eQEt'HHeflbﬁgetll g’ﬂ&tégé W&lh@%&gr z%t%)intg gdcfg%'rpnw t Bcfeﬂ?:? gtgqngopggfzjgondmg
flrségn@ h%COﬁi’IdyQtWaiaal bieele. t o which data in respect of the

gi ven | ogi cal page was |last witten; and (d) updating
21¢ he Arregpentdysient acosrdipgitpecipioi 20 iprwitich saidlinisst maaﬁmmcludmg,

in tﬂ@ﬁb&% E)ﬁ Lﬂf)clé\ﬂﬁlc& W s eﬂgeam'tﬂ %loﬁgcal @ocks the steps of:

physic menory syste

ngg MPB&EF+|ﬁ|n & d fmSdat & éFFcfﬁqﬁ Yesfpg{it O??I%&%)H %ﬁgk}cg Crg?t

non-vo l'e nenDry aV|n ura

bl oSy d&%ﬂnﬁm% IS Pég%ﬁkle qgéﬁ%ﬂ@ﬁ?ﬂ{é&?ﬁ g}a@g gf l@el ng

plurality of eac
CO@?%BWG“@%PBVWIP'%M each physical page being

witable and readable as a unit, a mapping data nenory

ar r &diedpterainatiop dn ()il pesitive; ideniifing @ riwsiaalipagecdthieng,

coﬁr@époﬂa ?s@&orﬁj Hysical 5[5%,]( %dset s of | ogical blocks,

each bei ng conpose one or nore said | ogi cal

bl o¢dySwritaTBEPHAS t MBS ogi cal bl ocks

and%) I'(')rrgesponélt}ignég; fi rstlf%g?hﬁé <£lgéor nore of said
22phy 3l Bahohk/ e?@{’eﬁw aédo‘r&mé Rfclﬁﬁ?§1 in%n&?{he%é}ﬁgw d?:ntr%"er is.

reseectlve r st ? 0|nter I n |cat|ng a
OPEIREVR AIPPR ERRSHERTRY WFiTe %Qm@é't\d éweqﬁwyg Ryyite bpexekien Inarepest of a

plLﬂ@ﬁPbMo@@éltdagbé 6f a GVEANRRAI EBCP % & Fﬂﬂﬂe%lc‘fﬁllness Sriterion

eration inrelatron to any ca age of
qu &l

(b &G bsgr c\@raolewgsp%:apfoﬁqmqe tbét am@.u b aneified obisel Rages is
writien %lthegiré/t%yél@él'b%k Qﬁlﬂi@ séle‘aeké‘?ﬂnl?ﬁn&#ﬁ pIshiRe V\letlné agtta in

usi ng the resp ective i rst pag p0|nter toid
reqpRg et same Al saapopHed lasicrba hasudp Hip et ahsat blogk and data in

redpR¥SoiGherld 88l %gl&aﬁ)baﬁ‘éé tto'tHQ sSSP phgdigal toibdkhe
identified physical page

23. A memory system having:

a non-volatile solid-state memory for storing user data, the non-volatile memory
having a plurality of physical blocks, each physical block being organized into a plurality
of physical pages, each physical biock being erasable as a unit and each physical page
being writable and readable as a unit,

a mapping data memory arranged to store:

(1) first mapping data indicating, for each of a plurality of sets of logical blocks,
each set being composed of one or more said logical blocks, a mapping between the set
of logical blocks and a corresponding first set of one or more of said physical blocks;
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(c) witing in said identified physical page identity

data.indicating the identity of the given |ogical
w@age/ossadd (d) updating the pointer accordi ng POT/8G2006/000345

predefi ned sequence; whereby the user data and

identity data witten to said identified physical page

supdidetemcamspt ofdegical diarkarelresgedtivi tiyst hat@ pbinted for indicating a

o PR SnS A TRORA B13 L0 o ca
2254) &2apd SRR FHER: B PRl ot sl

blonka- the bhysidak pageuirtile Fanfsm)l?aigg!fim 8bi bﬂpk@éicﬁl@@dk@ & which data
- . physi ¢ ck. being organized into a
n B%S(érggtlsdlf %“3“?@5"%% ec‘g?s %88‘@%?%38‘% physi cal bl ock being

era it ch _physical page being..

b e G e R S
logiead pagry ofctyof isaidiseist dfriggicdl dlocks,caidofrie apletttidhiin seladibn to any

WSets ; r.e.Lpaical blocks, a mapping between
g“{%ﬁelé%'%{l pggglnglgrlj'fjc Itﬁ%ﬁ%%ﬁgﬁand a corresponding first

set r £ lcal’ ks nmenor

cont ey S redHRER YR ogMiB 0 TRy T HRiskel paps of e
corresranding firss sahgf dhygiceldilogkage of any of said | ogi cal

bl ocks, said wite operation conprising storing data

r el b} wifingslaga todhel identjfiechphysigepage, a sai d | ogi cal

bl ock in a physical page of the corresponding first

set ) updajisg d sesiond lrsappingi dbtarkniodigatedhe identifed diwsing page as

thf%bﬁy%ri?:%? tge,UtBQ\Fhi@'l R ﬂéfe@geﬁ:ofg{é é\é%nl |§§|‘3%Wyr§:eéi\§a{silgsq written; and -

eing i n respect

bl qaﬁpdﬁﬁnfﬁéqgéﬁcﬁv?ﬁé?go dpoﬁrgglh %T in&@&eoar%%\rn%@gicgwage of

0
physical blocks w res ng set
they pefeaepondingifirstigri < pbyrica) blocksw i t e data relating to
| ogi cal pages of that set of |ogical blocks in pages
249f ~thEesepbwgiasehadngphysi cal bl ocks. 26. A nenory
system having: a non-volatile nenory for storing data,
t he afAR-\RAtlR $oli8-siaigunsmeniieraioringolaer ditet ihegfonpiolediiecmemory
hakng &KSlurafR ©h pifAYEH BREKD a6k phRi gbBEQBQihg%ﬁ%%n%E irgo a plurality
plurality of physical pages, ‘each physi cal oC el ng
of @hysica) Padess eachphvsicahbloelaleing RiasRbiglas it 4l eagh physical page

beiid WRBbIE 2AB fedcRBRAd £uAf @ unit,a mapping data menmory
arranged to store for each of a plurality of sets of

one DiapBRedata I EAbrytR&KS to store:

(i) first mapping data indicating, for each of a plurality of sets of logical biocks,
each set being composed of one or more said logical biocks, a mapping between the set
of logical blocks and a corresponding first set of one or more of said physical blocks;

(if) for each logical block, a respective first page pointer for indicating a page of
the corresponding first set of physical blocks, and

a memory controller arranged to perform a write operation in relation to any
logical page of any of said logical blocks, said write operation in relation to any given
logical page including the steps of:
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(i) first mapping data indicating, for each of the
plurality of sets of |ogical blocks, a mapping between
weamh/osssgi cal bl ock and a corresponding first BeL/SGL006/000345
one or nore said physical blocks; (ii) second mapping
data nenory indicating, for at |east one of the sets

of |(e)usiag thel mspb@tiveigmamyerm)idﬁet nog@éhtﬁyl@ pWS(ijcﬁﬁﬁ%geS(?‘tthe
i | oc an orrespondi ng second set o
b 3rihel SR Bage

one bl ocks; a nmenory controller

e A
i O . Lfied. . the plural.it) S
T BB ALl Bl e

the given ésfoical pagp;@abl bl ock which is one of said at |east
one sets of logical blocks, witing user data into a
det dehiiprisding e pdintehacooatimge bpopidetindd gegtiemoegd second
sets of physical bl ocks.
whereby the user data and identity data written to said identified physical page

supersede any user data and identity data in a physical page of the corresponding first
set of physical blocks previously associated with the logical page.

25. A memory system having:

a non-volatile solid-state memory for storing user data, the first non-volatiie
memory having a piurality of physical blocks, each physical biock being organized into a
plurality of physical pages, each physical block being erasable as a unit and each
physical page being writable and readable as a unit,

a mapping data memory storing data indicating, for each of a plurality of sets of
one or more logical blocks, a mapping between the set of logical blocks and a
corresponding first set of one or more physical blocks;

- a memory controller arranged to perform a write operation in relation to any
logical page of any of said logical blocks, said write operation comprising storing data
relating to a said logical page of a said logical block in a physical page of the
corresponding first set of physical blocks,

said memory controller being arranged, upon a physical block fullness criterion
being met in respect of a first set of physical blocks, to associate a second set of one or
more physical blocks with the cotresponding set of logical blocks, and subsequently to

write data relating to logical pages of that set of logical blocks in pages of the second set
of physical blocks,

26. A memory system having:

a non-volatile memory for storing data, the non-volatile memory having a plurality
of physical blocks, each physical block being organized into a plurality of physical pages

each physical block beingqerasable as a unit and each physical page being writable and
readable as a unit,

y
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a mapping data memory arranged to store for each of a plurality of sets of one or -
more logical blocks:

(i) first mapping data indicating, for each of the plurality of sets of logical blocks, a
mapping between each logical block and a corresponding first set of one or more said
5  physical blocks;

(if) second mapping data memory indicating, for at least one of the sets of logical
biocks, a mapping between the or each set of logical blocks and a corresponding second
set of one or more said physical biocks;

a memory controlier arranged to perform a write operation into the non-volatile
10  solid-state memory of user data in relation to any specified one of the plurality of logical
blocks,

said write operation including, in the case of a logical biock which is one of said
at least one sets of logical blocks, writing user data into a determined one of the
corresponding first and second sets of physical blocks.
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