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A Controller for Non-Volatile Memories, and Methods of operating the
Memarydaniroller Field of the Invention This invention relates tg@pdaidges/no0345
storage system employing a solid state (i.e. semiconductor-type)

non-volatile memory, such as a flash memory, and methods of operating

MELRFREORY: MoRNHIAE m&%ﬁééoathﬁ ﬁﬁ’@ﬂgﬁg'%n SRR Memo

and techniques of a flash memory contr CCes

non-volatile flash memory. Backgr@ﬁﬂ.fﬂ;i&é Invention Flash memory is a

form of EEPROM (Electrically Erasable and Programmable Read Only
F:.l\élemgr) at allows multiple memory locations to be erased or written in
—bﬂ%%gé‘ié}f%?ﬂﬁ%g operation. The memory is commonly used as a

mass data storage subsystem for electronic devices, such as memory

TR (el Seriel Bus) s ves au splcsiatedveg a5

replacements of hard disk drives.”A f vice consists

SBHYRBRIUAIR YR TS ISHBH M e Bina %§t§?§§é’lﬁﬁ§%@?ﬁoﬂﬂ@§é‘s of
opelflsmsg:amﬁbbn@érheqplng BRI Gr RS o0 @Ritridieh e@ﬁfﬁi@cture and

te%?m Ig Fé&'il dﬁﬁhT crgr];g'o?!brflagh rggsr{r}lor I%i%eegrrqgrq ara?tpe\f%sah rmemaory.

mem ecause it does not require an ex ernappower supply

stored data. However, this also requires that previously stored data is
ERIAGRELPIACS thBeNvEaLAE of programming or data input is required. This
process is termed an erase-before-write, 25 which is often

time-consuming. In commercial applications; a large number of transistor
Firsis arenaivided into phyieR O dkss qiecrly dvdssiadtorsdoP ibmpiaratdids SRead
ORNAGAIBGN ARNAIM ARlRkRERTSy SRR N L R dfelAR bne

memoréjs generally organized into a plurality of 30physical blocks. Eac

PEIYFREEE BB ARETRRTid Bqrﬁ’i‘&‘ﬁ%‘?‘aﬁﬂ/"“&?‘E}Wé?ééldﬁaggééﬂ%@ﬁﬁiﬁt%é@iage
sphysitadrpiagejatieminr déviofis mutivide dristochy e pagj s BaUiesstalageial Bus)

S and oueihead dala. Quedend dalg s FAMITAI drad o store

the user data's status and flags, to record logic ress information,
error correction code, etc. Overhead data is sometimes also termed spare

rafiesromEenitiydsictatdnEIG S driheWSore arrays of transistor cells as iis data

storage units. Each of those cells is capable of keeping one or more bits of data even if

the electric power supply is cut off. Therefore, a flash memory is termed a non-volatile
mefmory because it does not require an external power supply 1o retain stored data.
However, this also requires that previously stored data is erased once a new round of
programming or data input is required. This process is termed an erase-before-write,
which is often time-consuming.

In commercial applications, a large number of transistor cells are divided into physical
bloéks, pages and seciors 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 biocks 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 commoniy used to store the user data’s

status and flags, to record logical address information, error correction code, efc.

~ Overhead data is sometimes aiso termed spare area or redundant data. Figure 1 shows
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WO 2007/058624PCT/SG2006/000345 an example of a flash memory 5

having M blocks 50 (labelled 0 to M-1), each block 50 being organized into

@ pagersssiiabelled 0 to G-1), and each page 60 being further pivick066/600345
into user data 70 and overhead data 72 portions. 5In one commercial

e R e ER) Ho RAR S35 52 U ABLob A b 7ech block 50
RN 185122881913 PReEss 60 dlakelrmlAlitodRs sivel elathpstsEotbeirg further

atioited pesmRsraibinplemenation: adlash memay device consists of
blocks of 128KB each, a page size of 2KB, such that a block is composed

of 64 pages, and a page is composed of 4 sectors. 10In addition, each

| pﬁwalgmm@imgmmnn@nwﬁmna/ﬁﬂammemwmamér@meﬁ\em lat@er of

Tihesesflasiakecsmeny Wﬁ?@l@éﬁ ;Q%EH&F%&U‘&& yg%gpagea ﬁ'%%@e is then

%,’T'I%I’):ES since every block is organized |ntoa uralit

ARG RSN RThaRASHY &ﬂ;ﬁflfoﬁéeiﬁ%@%@f@@?@bdg@qmbﬁommemal

.sm;gommam B5thain mdotank smﬁcwﬁmwmg@msﬁﬁ%ach a page size of
| emorie es within a
e i o

sIBARLAR 550, 1RERERR papEiprotiditenahganiviinie trliskoisstoring overhead

pdaibtees20EE0 avaitbipeionesation il elrsenhatorsoita g thefRceRGhemories,

I%ggl Iﬂ’%}@? I@ddr%ss has introduced. The physical address
SR

denotes t actua G or & ST transistor cells while
the logical address means an address recognized by a host and which is

|®6§&Mﬁﬁﬁ@ﬂ@éﬁ¢ﬁ% bé%%@aﬂﬁ'%%ﬁn’%ﬁ@qgjwﬁ% %ﬁﬁ@t'%@r ﬁvvxfncafly less

% €ess re ested from a host end is converted intd a 25r

|
opera‘%on 54 a ﬁﬁef%‘fﬁlsfeaﬁ%?d‘b‘?@@&@ RSP meniBliome<eyverae NAND flash
steps@iasiappieg wifuntamsck nissniappiogratgeriting israfieopetfersad significant

a'?]éjﬁ:V!ﬁg teisner ardiash 5@3@%@9&;@&@5 é?&g%'ﬂ%?ﬁ;q?%&ﬁfﬁ%c%iack is

E"i rc‘l_?ory controller is how to optimi memaoty controller
s&)/scl‘% BPchitecture to improve data access speed, to utilize the flash
memory blocks and pages more efﬁmently and to improve on the

3pselihd '@(e%r%?%gle ll’fgrggetrb ﬂ) wrs‘c Oef gcsmcept of logical and physical
addredses Has been introduced. The phys;cal address denotes the actual location or
address of a group of transistor cells while the logical address means an address
recognized by a host and which is logically associated to a physical address. A
read/write operation for a logical address requested from a host end is converted into a
read/write operation for an actual physical address of & flash memory by several steps of
mapping algerithms. This mapping algorithm is often performed by a davice termed a
ftash memory controller. The challengs for such a flash memaory controiler is how o
optimize the flash memory controller system architecture to improve data access 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 controller attached to the host at one interface and flash
memories at another interface. The flash memory controller and its attached flash

memories are semiconductor devices and they form a non-volatile semiconductor mass
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Figure 2 shows a flash memory controller attached to the host at one
interface and flash memories at another interface. The flash memory
W AMOREF24nd its attached flash memories are semiconductoPUEVEERIE 0345

they form a non-volatile semiconductor mass WO

4 (2006/0Q0345 storage system together. Figure 2
S R LIS IS AR Ee G et oG Fgeny
SHIERE HEwn e Mgty osi e ebowe dmmlaritgateosith ecliaabinRamewith a flash
meamirgliengoneriahimer angeshiaeeess &0 kyplatiem ”%%r@%%%'s?its'ﬂﬁg of
oﬁ’éS e &remgr%i%ilﬁ%alr%/-sep]arate flash memory devices 5. e

communicaton BR BRI RS EBIRPO aVis e (Heetestusioriiontusween
hpfiasacentdies samiioaicasionibewednibamepniselerihansthe msmary
hEAMERSHR ISoW ' T ontraller 3 further includes a ECC
Iogiq unit #3 f%ﬂgﬁf@:%fg@%ﬁgﬁﬁ ‘X%%%%%%grﬁ%‘%iaﬁd%%%ﬁ% The
CC]onpef"’nla‘ﬁre %’&?ﬁ&ﬁ&@%ﬁ fefiporasicraBinbly o RovierBAy 4 systbaprotatier 15,
TiRANDAFEa0I1 & ppatessonRaly 19 anbepbnajeRiaies B}@IEBQM%-?%Qtem
e

iGal tign,for the device illustrated in Figure 2,
R 7SR CEPA R 00 (R

flash controlle_r 3.A host_write command specifies the ;tarting logical
Inazitypssl trovdte alofiribrine MURRL QS HESIYS R DAL B%%? 1 jnitlates
aggm@mgg%%pﬁtog‘hg ségrttlp logical address to read from along with

the number of Sectors to Tead. USET (AATE W Hieaifsh srsislen betfwesss write
cHBREAAReRHan dnciEnbrogiaithedrasietoRiiig AbrEheithart Weassagisak crors

toadtteesagmold read mmiefata-ne iops.of the controller 3 is
W%E nslate the host Iggicaclgffgd%sseﬁ%n%?#gl@rﬁgﬁe&%ﬁo%% ?/Sélgaf =l frorm along

addressss gtfﬁﬁ%tf’ 12 €35 be stored in proper storage cells/transistors.
The host logical address is often translated into intermediate terms of

Ldegigakh i [aTa] resses. where a logical block comprises
BTl e N SR SR B s ourer
t ns{at ﬁ%ﬁ% B ‘AHiesbAtdrRsRan épieRd 28 svite cltdn.rile midhtationsions of
thadnligbsiiisicFotrsrampie. 5 RONE IR A HEHIRET AP bicica

ica

| I ical hlock, and the rest of the lower host lo
adfc%%%f%?t?’?g igci%?ca @zgl%gésgo Bé”cERP@ﬁ@?@?ﬁ%lﬁﬁ%%ﬁf@al block

and logical pages to physical block and physical pages. As an example, a
Trlegioat loigicki mayrbes0susmaodkiRigied 1991 GALRAGES ah8gdies
| O%@%?Ea%s}%:gt Gtgéat,:s Ioecgc%l?block 0 is 30 page-addressa Ie%%ﬁng %‘é’%ggdrgiocﬁ and

ddrésg 0o 63, logica %ﬁ%é‘@i%&&&- porREsasIe fuvRlibgt egiaereages.

Thsiagrexarisgrcaicihoss ipgageraddressalaieoiroasiepitaline eSSt REHemory
coHFblanh et Aibofulaic hl Ao M b AR 1o ane or (e physical
u bIEca)#:#%s nd_ealch H)E%ical pa g%f this [%%ﬁéﬁ%o f?r?]%?/ %%n%%b%&d%p tne

pﬁwysmaﬁﬁgbc d TR prReiralNrsix@)d threreshefdher ohen issdsgical
adgissquitsde tigivel-mgdcamenand®micthen maps the logical block and logical
pages to physical block and physica_{ pages. As an example, a logical block rﬁay be
organized into 84 logical pages in sequential address order, sﬁch that logical block O is
page—addressab_le from logical address 0 to 63, logical biock 1 Is page-addressable from
logical address 64 to 127, logical block 2 is page-addressable from logical address 128
to 191, and so on. A logical biock may be mapped {o one or more physical biocks, and
each logical page of this logical block may be mapped to a physical page of the mapped
physicai block(s). The controller then issuss a sequence of low-level commands and
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WO 2007/058624PCT/SG2006/000345 control signals to read or write to
woﬂzaSh {r}nemories using the mapped physical addresses. Host logical
107E%88% and their corresponding terms of logical blocks arkf-IH§fea106/000345
pages are virtual concepts, whereas physical blocks and physical pages
cofpifthng, sical locati nﬁ%}vithin flash memories. 5 Typically, the
systemg\;%eré\f%gy?? I\(ﬂrﬁ%‘ng% TLIBERREH I S BeRPESHRNGi cabpryesses.
H‘?ﬁéi%ﬂ?@z’aﬁdﬁWéﬁ:amtémgsmpmnqmmbej_f RSt IBHXEMADBOM pages
afl?@mld“@om@rﬁﬁmﬁéﬁm&w%l@cﬁfﬁéﬂ‘@@% ;gég@%g%%fé"r@a%ysmal

lash memory. 5 (typically in = flash overhead data nifializethe
Eoégté?g%%%}ﬁéﬁif@%‘ﬂ%@#ﬁﬁor to any data transfer 10operation. Other

functions performed by the controller includes ECC (error correcting
TRASIAR), aeneradan.angichecking, eror recover asing blacks that ,
" cinta‘?n obs%ete data, perf&o@nﬂ%dﬂvéeggﬁ- réav%il?ﬁéf ?J[n%t?gﬁqgﬂﬁ{ﬁ?&fée%or storing

oA HbEkATYEGE aFriRshBEPRIBY/ARshod AasKstReHGeyhaliing On power up, the

cq%ageeuimm i&wmpgmgjﬁf%gﬁfﬁmm%nﬁﬁcﬁﬁﬁfﬁgﬁcany in
A B A AN T g e

Opz?l‘é’dﬁ’t’?rm for flash memories having multi-paged blocks has still not been
satisfactorily developed. 20 The following explains some of the

ng%mﬁ hallenges faced by a flash memory controller design for
O{nulti-pag@?bﬁ%@ﬁrﬂjas X %%SW%W@HWHSEFﬁﬁ@é%‘?ﬁﬁﬁ@?@?%ﬁ@%@s)
ISARTBHONALY 6heeiing srastrativep at, cospeinifib| tegictl-adores iobiigete data,
pestorfaeydoyieasthm 6 oMENe! ' dg for

25mf21gp$ging the Iogic%l agﬁﬁ\stg] t}g)ﬁ Ia}{}slrﬁg m@%j%qg%?s%%%ﬁ%ﬁ agﬁhers.

physical address is a function of the physical block number and physical
begé} ﬂﬁ%ﬂﬁzmm@s?ﬂm@mmd@a@fmﬁa&%hﬁwﬁ BlRS the pages
f hyisis | ~aont cide, for eac the N pages, in
i which {p sicailybloScLlEr,%[‘:}h{)(?sglyfize;l\J aag%}&ig% SR HETS rﬂa%t%‘i’wa%t fpynused
paﬁ&?t%fﬁ dEhBg e Soriberbierihd-lonr s rask s entuiepplyonaigenithm for
flag) thggﬁlmmiag mﬂﬁt&@?ﬁ@@ﬁé&ﬁﬁé{a@uth& E@iﬁ%ﬁg@%@ﬁﬁiﬁ?&@eiope&
TH® ich is use ccess specific location in

o @¥§ﬁ%‘\§ggﬁ%§ %I]Wle fh I ‘ca(?~| ﬁ%@}g ta&ﬁail)lzy AHiashmemory

flash memory and return the Usér data

conyeigpaaRigh ipHirererp lpsk firstesameryogical address

When a host writes N number of pages (where N21) of user data starting at a specific
logical address to the storage device, the controller must implement some methods for
mapping the logical address to flash physical address. The flash physical address is a
ft_mction of the physicai block number and physical page number. This address pair is
herein denoted as {physical block, physical page}. The controlter 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 io, the
controlier must be abie 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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WO 2007/058624PCT/SG2006/000345 (where M=N) , the controller has
E gPre logical address to physical address for each of the M pages.
afiénge is that a flash physical page must be erased b&fof&{t04f/000345
be ertten to again. Most present controllers |mplement methods to write

I I th |
it %@fﬂﬁr@i@ﬁ% SRR L R AR ahiRRRr e

writt
e%%F‘ RapHe egRsy Horirhalleneediriban tesly siepsibid dagehysisabpagaytonefore

it ezrholthedMopages. ospgales: \Whanhast; ﬁb@éﬁ%‘rﬁ?m%ﬁ%‘g%%’% user data

f S, t e controller must be able to translate the
to é%(%@fagl? acﬁgl@%kc%qt %Cp ysi angd%l?Qgi rﬁ?fh‘@%@éﬂ‘&@%)‘?’mﬁfé@ for the same

%%%lt?&?ﬁ%‘i?et?@ﬁéwmpaém suitoifeatithe-oldethsdrglosnmapeethia Hiesrent
F’B?ﬁ“ﬁ"ﬁ@’ﬁﬂ'@%f@%%}" oPuRerseaed. M ughs !%‘P%I gexﬂ&%“"ed fo

%g te ? Ical address multiple times, an eac time wi

L% %u it User dats i‘? g?'fh@ﬁ regicasaRnEss: i@ﬁ%tﬂﬁ%ﬁéﬂﬂﬁbﬁ@e&%ﬂme
*f%‘ﬁ%ﬂ_%@.lr@ﬂfab@d@@mm systenysitlnerof ﬁ@ﬂﬂﬁ&%@éﬁb}?%%ﬂ location
o 0B gAY, ¢ na t 1e,mapping in rmatjon.

o allaeisRNtols tk’f@%‘ﬁﬁ@&@@%égﬁéﬁ PRI H‘Lﬁrgﬁ{% [gddress

argg%re are. many controller designs to fulf unc ional re
n OPO%?%S make data access, storage, and transfer efficiently..In a very
early design, a host logical block is always mapped to a fixed flash

the host to th
e e S L T X -

ical
e%ﬂ&)@@&“‘b#ﬁﬁ&%ﬁﬁﬁg@%@m@mm wigdkash block must first be

erased. The disadvantage of this scheme is that any write is always

time-con rase operation. To address this,
F"Eér?éy Sﬁ%grgart&% %@a Whs - M 'ﬁ?ﬁaa?a%év&#@%fﬁéu@sﬁémé@
SURSSRALY IYEIed A8 tgain.dhaseehishijsicalisibekasindoestidiag e mapping
infamﬂtmed logical 30block 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 block number may be different from its mapped physical block

ThetrsernerIesnsioer detitsts noeitliyhuving oioliap AR -IREHS Hherder to
mdﬂgl@g{@@g@g@r&@l{y@%m&ggggﬂpysmal pages within the block.

In a very early design, a host logical block is always mapped to a fixed flash physical
block. in other words, every time the host writes to the same logical biock, user data is
always stored to the same flash physical block, However, prior to writing to the flash
block, the flash block must first be erased. The disadvantage of this scheme is that any
wiite is always siowed down by the time-consuming erase operation.

To address this, one prior art proposal was to avoid the “erase-before-write” scheme by
re-writing user daia to an erased physical block, and recording its associated logical
biock 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 block number may be different from its
mapped physicai block number. However, for a flash memary having multi-paged blocks
the logical pages are always mapped to fixed physicai pages within the block,

1
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WO 2007/058624PC1/SG2006/000345 One disadvantage of this scheme
wo DIvheRhpst updates one or more pages of a logical block, %8?)@’(5@%%%343

physical block must be allocated for storing new data. Next, the valid

pages of user data that were not over-written must be copied from the

Onodgaalpiegetortis @aﬁ@ﬂa%%ﬁéﬁ%%yw@ét@@% bPes6 é%é%'e@'&)!‘%!%bscat
hlo lock mu tthen e 5in %@Lﬂﬁﬁ wr|t| g an old flag in its over ead data

bh he c’aa&ﬁ% S ﬁ%&%ﬂ%@ ALKt Rwdeg- N
valiggagrmal Eﬁﬁrmtaﬁdwmammmrtmé@ﬁmenwmmom|meabdglmi

Rvenmhariakal | '
R L

d Uag bt Pendising Se Bt TS APYIDgIOf BRges and
rnvaitﬂﬂw‘d;Wmdwaﬁmwwmmmuﬂ&m@ﬂmuﬂmes the original

b!oc‘&qg'MQQF?tﬁlaté@%\%ﬂ%ﬁ%%rtgéq%%%%saﬁgv agenahj} v s Srfr%%hﬂﬁ‘ AG%n less

eﬁ!’genalty even though it may be miti by pertorming Yerase i

AR IMI M BREVRTY Rlagk tavsivetieieapgifivitiasiek usage
will pages aldringin pdwmtyTshmaseé&d‘m@l BY6ERIEHBY; ﬁ’ﬂ%@%\“ﬂg@ﬁﬁ@@@@ cycles

In f
i AR N T A

Cauaaaﬁaﬁarrwﬁﬁmﬁ% 8d tbcmﬂItat@&me@heﬁlaalaﬂdmage“wmmase in
the inaikigyeriginal block, or the moved block. However, in this scheme, the

logical pages are still associated with fixed physical pages within the

blocks. Since the scheme has only one 20level of "moved” block, the
An shgeesymsrdopsiTgadsith pagisstbn danyatiglatinglithpame vedihblopkz@stiThis is
derr@gyl{agbwaeﬁeth@m%a@%ata%@.éwgw@&?asam 326,09 By fact,

re,.thi emands additional operation and time, results in
up &P@%ﬁ%ﬁ&&fﬁ o565 %{ﬁdiﬁ%&@@?aaep%a%@qai @@J%rﬂ%@wfb@‘ﬁﬁamﬂ@d
bloctteftsitfondldsfrouatioliér cesigo ithickigictigieges wai begpappredital in the

orighy BIRRIGE PROGSWERRhe ﬁ@%@g pRXﬁlS%ché’r%‘é fe CelCta %ao%'sc%!'e still

to phyS|caI address mapping is done oh a finer granufarl

 asogpERE A BAbeAGRIESA BASE ATHIGEIe RISl ie) WRsehfng Sizapnly one

levédlotkmphystdabpagep a’mctmdjedawm&dmr@a@@famrmmmrﬂ@éﬂ%oved”

th trolier time st tten 30 '
Do e R e B R R B T ol pace. As

befeRotiHsemantsrridtarabemmiainnrenditintaplesnbntatioss ctipghytibatk usage

andlnckersrsberhased forsia-efdifferent logical blocks. In the first
implementation, a time stamp is recorded in every physical page that was
WO 2007/058624PCT/SG2006/000345 written. If a logical page is

In asatsattamoplenines coseotdasiibetistozib phg@iaoamoagesawh%@ any
phyRveiheaskdakanyill ﬁ@%%@&ﬁ%iﬂg%%p%gngﬁi iie l?ﬁcﬂ:%” l%&é’gltgddress

different time stamps. On power up, for the contr ate
m%&%ﬁf@%ﬁﬁ&?ﬁa .{Sré"é&ﬁ%%e W hiresveEIRAd Stk anosRRRlepical
biodht&:gfcallﬂhgd}asﬁhahﬁr@'aical biock, physical page}. To handle updates, instead

of marking the original superseded 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 biock 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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5pages, compares the logical addresses and time stamps to identify most
W J%&%’}'&l 6vvritten pages containing valid data. In the second
IMplementation, the controller is only required to record a tim8GTAIRBORE000345
physical blocks instead of recording in every physical page. The time
SEMPHS, IEgM 0.to identify the.one _valid page, since, in its _ )
N generalizegc? f%{}? e gté HB%G%E%% 5&@%@2%@igﬁgﬁﬂﬂfﬂ,wgb?@aﬁsfﬁéﬁ%b”rﬁﬁys’cal
Pa&@w*ﬁ@‘f?@Vﬁ&@%@mm@mm@ammbg;mmeaqhogmipa@@]@a@ but with
ciforsnatind:espee N daIa,0T oIMAL IBOIA PR LREMIOSLL ety wrien

itten, physical e is determined by the relative physical location within'
pag%ﬁc?cp .efﬁ%c?r%%ﬁ@%éﬁ?a(i%w? Ruiress v eMsshesdfastrilitediash physical
PagpRafticRyaddntfipdickbaddgisstpage thae beangew itanantbhaeeestly written
PRI FAIALP M K d0 re-assemble the user data prior to transferring
them to the host in the correct order. In both implementations, a real time

clock or a modulo counter is required to generate a time value that is to be
in thesreisuhdhimasimeetatiny, thecks poRagde ST isdMe $187RING a time stamp for

Total omplexity to the flash.memory controller, .
i%ﬁ?&%iffégggﬁé?ﬁﬁﬁéﬁ% R R R Rrog AR geuired

f &Y BB R gpnslatanip ioasarebred funy drigesdeemtpr same
{legirabtretp gigal-addirs sesy BoesARLa5BLRN@IEHGRRANY hatke, and
ea@ﬂrﬁ\‘%i%“%& grcgsatgent on is, Nonp- 25 Volatile Random Access
Memory (N m Ran or%%:‘(% ey R/ FORRRY 198k el aghe most
ORIV THEMBRYifd Ragsriststatatned tysthspekdiasphjsibadedanmwithin a

' bs@ﬁﬁ.ematmymrﬁmﬁ{mP@am%%d%&%%é%%@t@éﬂﬁ%‘é&e{% ngﬁ%raw (dentif i

3 lEggecr ti%n.e (%lérsr%ntl  NVRAM is created by attaching a bac
VBIaGIE TaRdGm At SE HIRELARY AFAR Rl e diike Blnembariraivdsnissemble
theusesdataapriontqransjetimgdatanstotad froa: 30 MERAM s diept even if the
external electric power supply (other than the battery) is switched off

n Eﬁfhause the backup battery holds the electric charges required. RAM has
BHPRISEIeIARE GPsn arisa PECipen R @ e atrowainidsasgiieddo generate

ImeVRINEIT REisetotlyedevetdpe th NERAMSRAGIRRY G Rk GMPIRYES AAping

5 %t@qw@x}ng aid of & 8624PCT/SG2006/000345 battery to
E]Eeep stored data. Thesg\%%ﬁ)g%gé?a%ne o{?ﬁsegig}?vrgoﬁla?%gﬁﬁ”ﬁ%@é’gg & having

io ﬁi%f}ﬁE?rE? time-stamp values, handling of wrap around cases, and to perform time-

stamp comparison among pages having common logical addresses. .

Anather type of non-volatile memory that atiracts much research attention is Non-
Volatile Random Access Memory (NVRAM). Random Access Memory (RAM) is
ciassified as volatiie memory and has faster daia access speed as it is based on a
different type of technology and does not require erase-befora-write operation, Currently,
NVRAM is created by attaching a backup battery to a volatile random access memory.

In this case, unlike a normal Random Access Memory (RAM), the data siored in a
NVRAM is kept even if the extsrnal electric power supply (othet than the battery) is
switched off because the backup battery hoids the electric charges required, RAM has
much faster data transfer speed than ROM and the same applies to NVRAM.

Recently developed NVRAMs based on various technologies do not require the aid of a



(MRAM), Ferroelectric Random Access Memory (FRAM), Ovonic Unified

woMRMRR{LPUM), and others currently under development. TheSEar006/000345
solid-state memories are sometimes referred to as "next generation” or

"universal” or "nano-technology” nonvolatile memories and have

bapoperiespsimiiat tmﬁRAr-tl‘;(]é@éth\N@ﬁQéﬂ aﬁgg&@n@,@,&}?@ ﬁgdﬂ%ﬂg‘mﬁég@!\ﬁemory
a Qr Sse S r Ire power 1o retain

e o Rl (M BRI AGHor

(OHidmang aligReHR il Relrmbvelcronaot e Shave sttt prewiddes are

somMiRAVr vk ataiages Q@ilapihmempRyAsHo WS 1G9 égﬁﬁ%@ Y non-
VO[N&({BAM are ranoéoml addressable for read and write in minimum unit of a
Byte."The 8

"BroceSss o WithRT A TEBLMEPRIta M Ry redkitienakieataicpibeing

nogoivipléges in 150ne short read or write cycle. For flash memory,
programming data will incur a long busy period during which time the state
S.'_,c]iithe on-volatile memory cells are changed. For some flash
dhivi] LG Yy IERRID YIEAHS ReaDmi GeaxiEe WAMAELR EelsigipissyThere are
howevierd rdajon i mdtichali ditid hendeda StovaendsiolatitedRearernesiiroritd Eadidom
| Ifi Ion.in NVRAM can be performed multiple
e e O 1ot S e R PR Tty Sl
any byte is allowed at any address with no limitations on the allowable

addresatghie 10 RUBANSIEY: QhuHHRSa SR A98'8 flash: ReMAne @ Srinimum

NAND, lash) that imposes restrictions on programming in

sequential page ‘addresses 25within a block. The term NVRAM as used
hereléduntsassEwitipealid-statingareteotatily Rand Gnsateessaiemaistes in
haviggeadigastaamedrpctional LeNR UGS (DTBISE ASata will
desgribge%{above, including9MRAcilfﬂlﬁjlﬁﬁgiAﬁM}ﬁ,g(§%k§’§£%%%Héﬂ%a§aetg ‘g’ri\] neur 8
varidDLe B RABR L NS S imadhasaiginiihasioryelaidn magory cells are

devetbpngedt. fivesdisadieantagsian BRRIBM SdhRARDTREN T AR Qiclti Svill
o e S s TR el R oo
menﬁ?ﬁ? GfeHHEe in mass storage applications in the near future. WO
200 1UpG8HEAR eI RE/RRAE4Pin NVRAM can be performed multiple times and
it does not require erasing that byte prior to the update.
e Writing any byte is allowed at any address with no iimitations on the allowable
address due to prior history of writes, unlike some flash memory (e.g. NAND

flash) that imposes restrictions on programming in sequential page addresses
within a block.

The term NVRAM as used here encompasses any solid-state nan-volatile random
access memory having at ieast some functional characteristics (preferably ali} as
described above, inciuding MRAM, FRAM, QUM 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 siill 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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Ongoing design and manufacturing improvements are bringing NAND
flash memory to the next level of performance. Process shrinks are

WORBVi87%§ftash memory devices with multi-gigabit storage demsitiescasoaedos4s

as faster read access. In addition, architectural innovations are boosting

the speeds of erasure and programming as well as read access. These

improvements have provided a roadmap that will bring NAND flash
Opgaiegriesioe endhmariefets tihgtifsioes nereaseLBeifgi I ANBPEAE memory to

hEARBULING § ' ary.of the Invention The present _ q
o e B NS RSyt v

nyent IC
m%@i&%ﬁ’“’gf@ﬁ@&aﬁ?%ﬁ%% "ol D faeievicaty, asevell s aiditvnantthitectural
innesetidmmemirycysienesnpiaying hekptelesaptasw andyssiul
THM%Q%Q@H%@%P% tpev%or%troller. Amon?‘gl&E%sgb!e advantai?ggils read acosss.

provided by some ém BaImantS SPRENARLRBO A R SN dasle pasiermance
0 BRKKEARLE Hiagé iz dnersann revestiimtiohopssationaismeg dg S redsising.

page copy operations, and simplified and efficient operations such as
SJH\%!?%%Q%%%?I recently written pages containing valid data. A first

aspe Atinvention proposes a memory system having a

non-volatile solid-state memory for storing user data, and a non-volatile
Theerassvien SIbA% GRS S RN in ical block to physical blocks
(2209 pages in the.non-vqlle&mi'?é fI%ﬁ%m%‘r@%%ﬁu&%%ﬁ%%tﬁui memory systam

O atTon S5 FFITLES theMREIND st sy aivaaypesriotnonasidtitemory

SYsHTMempiTyiaditst nontretitatdedmemaenids acsolignsiatad ea+dlasth Ramery

cof@oRiQring user data. The flash memory is organized 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

AnBogeposationdialitigneBARMRY 25l ISt LY:E SR/ HMHEon are more
eﬁ[&&%&%%ﬁﬁ %grpgr %Yz% .OM).,The NVRAM comprises a plurality o '
bytes, each byte be ngg%an Gy A RSB S RLCE QRS IR BTG SHRta Ieducing
PEBRd TR dRBIaIRS S aftt sEaliey andatfinsapdpteationsdtinlentinaesanitiymg the
mastiesearasewkifahodigeenis #hiHigg Meqtipn nake use of the properties of

non-volatile random access memory to maintain mapping status and WO
. 2007/058624PCT/SG2006/000345 tags or flags. The status and tag bits

Afgghaseemehthe mmpre'mmmwpmnemegadueemms@mmm@@%mwe

soltsitadaaaibenfom, a r state. By contrast, the practice

oM SeHain, gri%?r] rt %%v?(?gs%@ttgd r%?gir%%%%?a?ﬁsvg% Eﬁaraegﬁ%ryr?%ﬁé%ormg contents
ovarhest JHTA JY RIS YRR PasksrrpRgRertoe disadwatiegesh memory

ang)pmming fidgisisrirflashatiemory is slow and will have a negative impact on
performance. Secondly, updating flags generally requires re-writing to the
same overhead data area that was previously written. This may produce

T i ESTRMIe AR SRsHmhialRs affetingdatis atersb gaee tsmemanatie
maedleytisat baltizers previnusly WaHeR, & BIRRLRSS: o N i
or dﬂﬁ\'%& ﬂﬂﬁi‘h ﬂ,’gﬁrie&f mplementﬁdbusin multlg-clevel CQT s'r?rﬁae:[lﬂ%ﬁerﬁrﬁg}gw s
than ohe bit BEer cew. i bideks, each biock having a plurality of pages, sach block
being erasable and each page being programmable and stores a page of user data. The
secend non-volatile memory may be at least partly a non-volatile random access
memory (NVRAM). The NVRAM comprises a plurality of bytes, sach 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 tandom access memory to maintain mapping status and
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The NVRAM contains tables of system structures to describe the mapping
and state of each logical block, such as mapping to physical blocks an

d
Woﬁg%‘é?sgﬁ‘ﬁ so on. During the 15course of operation, the controlergife/ 000345
read or update the relevant contents of this NVRAM. A second aspect of

tagthér MMRNtoR RIFRRSER 1B a8ReA @é@ﬁdﬁ%@&i%@gggﬂﬁﬂs F{ﬁa Uinds,

a non-volatile solid-state memory for storing use , logical blocks are
thugg BIS IS RSB AGRRIIPRY SRAIIB LR FRSREHIRSSMter for
each logical block indicates a ,page of the corresponding physical block to
' t: itte d ing. data is maintained, .. .
B o s B R s
thegpeieachdya of thetaregssidisg BRysRAMAIBER SR ENGaesvidedmiing flags
in fissktererdoryritesene itoniimsebtior i@/ logigal dreeekhnipgica blegki
upcﬁ)ﬁet'{rfl rﬁggg be\{)Ze§qF|r}g m%rer%peﬁtllvet%? nter to |dent|8/ aé)[cﬁh%/smal 3%9{ of
e phy Al oczkywrﬁllng 8 dAt8'D ep%ﬂ@?a?ﬁ’gr 5@1 Batﬁr@ ey @®
preyipysversitiesnd Hfapeingrodiacssc ontingisa b efeeseitdveiatipaeaies fhe

staPDESHIRABHIRIHESLSIY S BRAES I RS PRYSIEA, RGOS0 6 Rl LY Bome
in in which data in respect of a given logical page is written to
e AN R L PTG e Ul g SeAla iR reore than
ongbiiwlatie 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
ThadrsTmMSTERtR? Rl A BERGTHECHIRe SedesriivappimgrRRits Ang Bate of
emor that at least.part of the secon :
et s Moo (AR aTe e Bl SR el R e
itf-state memory, the term "updating" is to be understood as 5including
the case in which some data in the overhead data is superseded by data

« BEulieR o RO P AL e st e e U sl

ha}t&@@c@ﬁ@@p&@%@f@ﬂ&%my werpenfdnnetdiingvbis tataditpidal thleqshysieahapped
to BlsHdspbRen ashiRigaNBINRNXSIERIDIRCK RN SO SRR BIBIK iAdRates 2

-SeC

1d mapping data are -,
-page o?rﬂ'ne coregsp%nc?ing pkysmal block to which data can next be written, and second

mapping data is maintained storing data indicating for each logicai page of the logical
biock the physical page of the corresponding physical block to which data was last
written. A write operation in relation to a logical page of the logical block is periormed by
using the respective pointer to identify a physical page of the physical block, writing the
data to that page, and updating the pointer and the second mapping data accordingly.
The present invention makes it possible 1o use successive pages of the physical block to

store data, even in cases in which data in respect of a given logical page is written to
repaatadly.

The second mapping data is stored in memoty that is non-volatile to mainiain 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 preferrad that it is stored in the
overhead data, In this latter case at Ieast some of the second mapping data may be

10
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updated in respect of new physical block. This logical copy operation
be performed, for example, when the condition is met that the pointer

~may be
WQ@&@&% ffiat all physical pages in the physical block corresp@SHisgWite000345

15the respective logical block having been written. Alternatively, when this

hysical block fullness condition is met in respect of the first physical block
St%é’%g FIRRA h e trdeprgsinainitx RAddtaoaitpctall, i.e., all the physical

pages of the first physical block have been written), optionally, the logical

: : d additionally to a second physical block, so that
e B R ST Qb S ek PfbBaicated)

I%W%?%L%mﬁg ﬁ%ﬁyﬁ)@s@m@@mé@_ ' &mﬂial?ga@e&?cﬂdh@derstood as
ingseedn : oI mMappin CcO
d pRysiealiRRBikinaye %%'Eh%%ﬂa&)@rﬁgﬁgg{g ?n%"e%gerﬁge%i ir#ga newly

ical block ta.a given logical block constitutes an
Wﬁ@%ﬁégo teé%)r%[gg tolfw%‘grﬁ}'c‘?ﬁhﬁ%@(gﬁﬁﬁg to this third aspect, the present

invention proposes, in a memory system having a non-volatile solid-state
NEemeRyioRstoHRg lIse : [ ich.Jogical blocks are, mapped to
mc%rre C§Jc8;n in%ghgsiééalﬁlﬂgﬁggs%h t\ggt:! %Dé?a 0 Cee'\%[v R&R ‘Wd]dg?‘ﬂ’é@e‘? be
ot tfle 18§t a1 BO R FEESt e Bipsiarpag s whinteteeetpontiagtiysical block is
cqtiggitabbieskpiieialiniocs, pingsiest bipeBAG HARES GARALCARLIRGINAL data are
uﬂ)@ié@e’ﬂ?ﬁﬂé@sﬁ:@é‘ﬁéﬁ?&)’?@;@é‘?%‘%& .g. that all the pages of the physical .
t0), an addi

block have been writte ional physical block (second physical
block) is associated with the corresponding logical block, and data to be

Thisittegictl pagespetdbion lagicBblask isaHPRFIERIM IV : Qﬂé’;ﬁg@%ﬁn is met

' ck. WO 2007/058624PC T/SG2006/00
L G HLTINGI00 LFO2 B PSR BRcRgesponcing it

thgdABPRRItYSVRBIRaH sk fiviow beeurswiitierall the pages of the first physical
block have been written and more page writes are required for the logical

.However, the controller may optionally associate a logical block
AE%?[?%’& ondn éﬁ@élyﬁf%@ﬁ‘?&ﬁ %’%ﬁfﬁﬁé%&%@a@ﬁs@sﬁ@w&m first
DW@I@&&R-WT@ mﬁrlwmt@eidal @Mhﬂ@@&@m@ﬁ}f‘%‘ﬂ[@.éﬂi&%h@ﬂm%ical

WHECS 0 [ ntqQ pages of t imar
" ohvsica e B aes oA s RSBl i leaapook may be
m\f\}?%east%w téol}?é?ééﬁ BB%WHHéﬁQﬁIMe%y@i@atmmoﬁms@oemm pages
s i b e
embotmonte of the i?lve#ﬁgnl%n%g\gé(amatﬁegg%&ﬁéﬁﬁ of the invention.

Although the expressions above are in terms of the case in which logical

Thiockeas thenkbparge bbetRIFhPALaIRbRIOLKS (R0 MBS R W stitutes an
in@%ﬂt i ads%tgc).f 5?%19 present invention. According to this third aspect, the
present invention proposes, in a memory system having a non-volatile solid-state
memory for storing user data, and in which logical blocks are mapped to carresponding
physical biocks such that data to be written to logicai pages of the logicat biock is stored
in physical pages of the corresponding first physical biock, that upon a physical block
fuliness oonditior_z being met in respect of a first physicai biock (e.g. that alf the pages of
the physical block have been written 1o}, an additional physical block (second physical
block) is associated with the corresponding logical biock, and data to be written to pages
of that lcgical block is subsequently written to pages of the second physical block.

11



10

15

20

25

30

expressions will be understood by an expert to applying also to the case in

wowstiehdagical blocks and physical blocks are of different sizegang-3:38504345

one of more logical blocks has the same size as a set of one or more
physical blocks. In this case, the mappings explained above are not

szmmwwgwi;&afs@g%@g%%gﬁ BW%EQ?Q‘%% ﬁ%%ed when
cal blocks and.corresponding sets of physical blocks.
g B e R D P S SIS R
MYPRAGE INVEsRIE Rropestiosirscifigioaétiiots Hbperferntimcnoneiielatiley
opﬂﬁgﬁ%iméﬁs@%%ﬁ%ﬁﬁpgf@@%ﬁﬁ@gL%UalﬁjiB%@HP&%@Q%@ Yﬁgﬁlﬂ’?ﬁe physical
o e%lc%f]o hg{tSI al. m pi and status information 25stored in the .

P ‘ﬁon-?/o a“afi?('er ra??%&%ag%@@égé‘ﬁ‘(a?ﬁ&??am Heay ‘BRI dpRtiBR Pigkuse thates. in
?himmﬁn\grt@%@mmpﬁsth Estinuasethpaget eperatioihiagsiniishesiock
univke r@@ﬂ@@e@%@%@ﬁ%ﬁt&ﬁ,rﬁﬂgp&%g%%ﬁ?%g%%%)maﬁ{ bﬁ%ﬁﬁ%?ﬁggﬁ!}\)ﬂf then

ﬂutiliz d for Ptoring user data. In other words, for a 30logica
! Iézc?n?gwg‘ﬁa RGP BRSHIc R PR GESOnfRT, glagieabbioBlsing mapped to a
physical block, substantially all the physical pages of the mapped physical

I - data when writing to any logical e,
e e bk s AR AR b WS edismary
co %@Pgmﬁy,ﬁ%%@dﬁéa%@%@f feguireshiinpEmpleyogichremgeprriixetihe
invehyisieal page within the mapped physical block(s). Page WO
2007/058624PCT/SG2006/000345 pointers identify the next physical
ages to be written. This method allows the pages of physical blocks to be
Aftﬁﬂﬂﬂaﬁa%m@samﬁinﬁéda@r@ag@ma@g,tmemasesnmmmmmmw are the

saeePy ePRrat hgieaUISskiqmpveraligh P RIGLArgl I?% | O;RNew
block. and r. ucé% tp??%rgquency%f placi%ggﬁs%u%ersgggd bcé)‘lct}:lgsg%)sr’ e
|

XGRS W“?ge i SN FEREAHATRP NG AiRaARit)e Seesuiyhich logical

erasure, r_esq tin
blogjsa&ied pHVRed Ainekigieal it areshandmtitbe sasnensay amwiig@drbiocks

ha@Bye0iBad RHIEANAER. GIBRE GBS B%@gﬂg%gg; lﬁ?{&teas tﬁ% V\% ;%%%Dpings

. . This avoids the re
oot R 0E Him ORI B paisRt 8l oab asicnsivisieatabusipal blocks

buldgitutpagets welgimbidariapped dorfuesbrbizicatagsrysicainrEIeCK.

Furthermore, it avoids having to copy un-superseded pages from the
i %))aie%inal block to the new block. T‘hirdly,_a method is established for
" RigHtiRNG T ThiBs erpesHg Wintenimiciagmiged Seewecintaerewithianvention

prépgiszd ppeeiiiymsSiNGAEQRRIMRIRD QSIS GRS R A9 sess operations
that work in conjunction with various logical to physical mapping and status information

stored in the non-volatile random access memory, and may allow one or more of the
following to be accomplished.

Firsity, a method of operation is established whereby the physical pages of mapped
physical block(s) are substantially utilized for storing user data. In other words, for a
logical block comprising a plurality of logical pages, ihe logical block being mapped o a
physical block, substantially alf 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 1o fixed physical page within the mapped physical block(s). Page

12
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volatile random access memory and the relative order of programming the
ithin a physical block, without having to program and update flags
wo %&gg(ges\gééded physical pages, or having to record time value’ ﬁF}WB‘WﬁB‘B‘*D
physical pages or blocks in the flash memory. This avoids having

poRESIiiRRAIR QX MBI/ SRS 940038 %&%W%%J@%é%%%ﬁ%% és of

forcgpgrgtgs, and ?\/{?Ids implementing a real-time clock or a mo

P AR E TR REH AR elfirieatp Mla e iR 2B ttling, sefeprofronumber of
Pageaiipy Progkamsred pregsioah pagesits pstrilisbeddiraingodecansntsiock,
an@frgaﬁdé%nﬁ\éw@%éﬁaﬂ%nQ&gﬁfsezgé%%!é{agﬁ%&é’ ?%?tQFaéa”dom%@‘é‘g?ﬁns

ure, r
. 25memory that keeps track o ost recently written p ysN:aﬁ’
I RS ERE AR 86 GiFRiEEh¥berse order reads to identify superseded

pages. Fifthly, a logical block can be mapped to not just one but two

' T. tents. in. th -volatil d ¢
S R e B e Bt g e to any
otMSLIRIGRIRsSE $eR & B sl lediogicabpped to phvsishysixs blaokag. This
avditie thegesuiviiiariher tiecRaRPL ARy Rica Rleeks are substam %Wlégwé?gage

tofi r data, regard|ess of the logical page addresses to be ™
O ML Lo DISAETD R Sr R e FiGBeR e the Py

PagRRBEOR PRk iTitehatmoail beoparfumrieg foctny logieadiegiebetares from

theDRERreO B SPRY Ao %, /eauired to reclaim WO
2007/058624PCT/SG2006/000345 and allocate new space for further

page writes. In effect, this results in a further reduction in page copy
Thisgerationt)atéselsyehiithed ifncidasiingribererfosnanesinf Higtsy$i8m@ical page

Sty i - ical block is maintained in non-volatile
B e e B PR B MR e
volgHlsiRAT IO ALTERS FReHiRIK @R el fpRL s ecdRitaf reagrauBin g hthesigles kithin
a mﬁies%?&ngmmﬁﬁb$m%lﬁﬁf§ﬂ§, lm@ﬁﬁéﬁﬁgﬁ@@?lyéﬁﬂ sical

- e non-volatile random access memory allows this

Pas ngrp)erfé?-é]qegdpg?%(%ﬁtlﬁ Since 1! o%a? %B*&’%%{rﬂf&%ﬁﬁié@&é@é’%m flash
MEmRh AL havHiep s raidAaLPrednastening stessdcsapdetstivys e slows

thecoptrasbriainiaiaiag, At eaiRMMBIARdRHYCH ATIaRISEIRNE hPRsOf
ééﬂﬁf%p @ﬁ{g{)}p&is such as mlflltr-state cell NAND flash memories) will have
imi

various limitations imposed ghHEIHG%ame or adjacent locations in

overhead data. 15Seventhly, logical copy operations are used to copy
FOQQQ%JTMMQQB?%WSFBB}QWM physical pages is established by using the
contents of the non-volatile random access memory and a volatite random access
memory that keeps track of the most recently written physical page numbers, without
requiring reverse order reads fo identify superseded pages.

Fifthiy, a logical biock can be mapped to not just one but two physical blocks. The
contents In the non-volatiie random access memory identifies whether a logical biock
has been mapped to any physical biock, mapped to one physical block or mapped to two
physical blocks. The pages within the two mapped physical blocks are substantiaily
utilized for sioring user data, regardless 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 bicck before page copy operation is required to rectaim
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to new mapped block(s) when the pages of the original mapped blocks

WO%%JMQXGQ'P”ZM- This has the effect of allowing further page é')t%%%(p@ 10345

new mapped block(s). Eighthly, the controller is able to handle power o
and power on where part of the 20 system information is lost. The present

andriessien (makes possilnetention aflagical fa physical mapping, datain

both NVRAM and physical page overhead, and has a scheme to
red RS RSP H R RIS Oh viprihrninsrreebaithec prpdmance of the
sygieoanstruction for updates to the same logical page. 25Brief Description of
the Drawings While the specification concludes with claims particularly
_pointing out and distinctly claiming that which is regarded as the present
Siiiierifiesiatis afivantrjvsiorithisakvemidntendis noreelsitiyandom access

MEASOSI LR Wﬂﬁ&ﬁ@%@l@wm@ Q@M@thﬁ%ﬁ@W@%ad@d
onjunctuon Wi e accompan rawings in wnicn: lgure 1 1S a

W SV RGCRR AR Bl AT e G gaes of usee

sugiigariveserhtbes plusatityosf paumes . Higues Didhe dicmraaits kaotomfastess

memeRan6rRNHRI s ApsHimRieal JHeIaMPIarks W Qcations are random
2007/058624PCT/SG2006/000345 Figure 3a is a diagram showmq{ a flash

A RRARIR AL ER R AP R e ahalouine A dkalte P AER (O RARR AR RIS 10
colpeis aTdidrinin @ bstmenpartititos iof shehsy stermbAiRAdvhofyhes of flash

mePRARRYIBRN- S AHR-3G1S AHIRAMR A SOMS RTINS R%\g%g/rﬁﬁé Ymitations

__Volatile RAM of the embodiment, SFigure 4a is a first tab Ining a
IMRGSRARILUBRFERAPRIBRIChASIRGRG Serkdtiene i overasi ¢atarigure 4b is an
L2P_STRUCT structure, which is an entry of the L2P_TABLE. Figure 5a is

ini secaondary logical-to-physical mappin
S I B e B e R R piocks
to pRvERAPRAGRCSKSITEIrEh ERRIESE e eriroabmarketbingkeats Al utiized.

Thisgisaknagidea physiahpaganaidmtabied ke HRBLRIHENBAR(S 2

P2P_STRUCT structure, an entry of the P2P_TABLE. Figures 7a, 7b
~and 7c is a fourth table indicating physical block status (PB_STAT)
Eigtiydhiteranitielistysicaebobrrstistpowritefframsomst,on where part of the

system informatic_m is lost. The present invention makes possible retention of logical 1o

phys’tbal mapping data in both NVRAM and physical page overhead, and has a scheme

to reconstruct such mapping on power-up, including ability fo handle reconstruction for
updates 1o the same logical page.

Brief Description of the Drawinas

While the specification concludes with claims particutarly 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 sach biock is

organized into a plurality of pages.

Figure 2 is a diagram of known {flash memory controllers and typical internal biocks.
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Figures 8a, 8b and 8c show various current mapping states of a logical
WObIgckgI:BN. Figure 9 gives detailed structure of a flash memory physical
p%lﬂg 5Rftits overhead structure. Figure 10 is an exampleP&flaG2006/600345
mapping for allocating a physical block to a logical block 20 using entries
m@& ‘je2§ .§TI§LEJ10T and P2P_STRUCT. Figure 11 describes a write _
perafion 16 1ogical BISRK™S ddearpeneT sty 2bics TR Rlaident of the
PreEsEst BYRUOT(2]. Figure 12 describes the next write operation to the
Fifoiewing physt j im sical block.f ical block 2, _
R eeal oo e e R B s SUp AR e et
fq%g LA thdiPgiampis ana ARl wcitas bt VRgitaRfides 816 asingdiment.

Fzm@f@ﬂaEI@Etahamdd?aefiﬁgmaafaémcﬁwgcw%ﬂmggrmg ¥ e
(LEewritipg d49gical block 5, logical page 3-4 using L2P_STRUCT[5] and

P2P_STRUCT][5]. 30Figure 15 is the example of rewriting logical block 5,
FIRERCHR oo ethesa FﬁHﬂqu LG 12 VBTRUETESrand tR2 E2S TRARLE[S).

Fig Koastemmadreidath fygieed e logical
s;,gt%]f;ég\ aﬁcgéré}fi&rﬁ ugiirl?g L2 P_ST%%%%?V%\%%E?# &%E%%’fgﬁaglgﬁg §re
ple

.17 is the example’of writing to logical blocks, pages 1-2 with two physical
FigERRS HO0SP0FTBEEEARCTIS FRO0BIOAB DT ot Aignee 8 is a
Figimilas aempleabliiheiyiingda Ipgical plockiz. Rages 2:3 with two
(ngygﬁgh ocks (2 and 6). Figttjﬂe 19 is%the §>%(§gm<§éj %?%%%gt?ﬁge L%%v%oa{able

to fogical Block 5, logical pages 0-3. 5Figure 20a is the example of logical

FigepPoian PARLSAGR styitaldlapkebirgigtie: 30tpisThe system

Figirastraesraliey Ingical ank il waikpades lawis 2las e sxample

o oftLo icaéﬁﬁ%?/ of all valid secondér%llp@%%ngpg}y%g%g?% 3@“&,8%%%56'{%
&ﬁe %i/“s"f RITR RS R YSGitate dspystioas secondary pages of logical

Figyeek8a, 8b and 8c show various current mapping states of a logical block LBN.

Figure 9 gives detailed structure of a flash memory physical page and its overhead

structure. |

Figure 10 is an example of a mapping for aliocating a physical biock to 2 logicat block

using renﬁrigs c;_f LEPMSTRUCT and P2P_STRUCT. _

Figure 11 describes a write operation to iogical biock 2, logical page 5 using

L2P_STRUCT[2] and P2P_STRUCT]2].

Figure 12 describes the next write operation fo the following physicai page in a primary

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

P2P_STRUCTI2).

Figure 13 is another example of writing to Jogical block 5, logical pages 3~5 using

L2P_STRUCTI5] and P2P_STRUCTIS.

Figure 14 follows figure 13 by rewriting logical block 5, logical page 3-4 using

L2P_STRUCTISE] and P2P_STRUCTISL

Figure 15 is the example of rewrifing logical biock 5, logical page 4 three times using

L2P_STRUCTI5] and P2P_STRUCTIS].

Figure 16 shows how both physical block 2 and 6 are allocated io logical block 5 ina

contralier using L2P_STRUCT]S] and SA_STRUCTIO].

Figure 17 Is the example of writing to logical block 5, pages 1-2 with two physical blocks
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10Figure 22 is the process flow chart for reading the current mapping
WOstcat_l(,e fo%IogicaI block LBN. Figure 23 describes the write operation to
I%éllclg?sp%e LPN of logical block LBN. Figure 24 describe thg(aﬁégégg%qmms
reading logical page LPN of logical block LBN. Figure 25 describes the
(E%Iéoc tion of secondary block for logical block LBN. 15Figures 26a, 26b
ana c is a process flow chart for re-constructing logical page to physical
Figuge friappiing!fordegioalebtd chriBNviDistn e tb Blescpiters of Ryeferedith two
pHFERRPLIRRRES %gd\ér)_embodiment of the present invention will now be
.described. The flash' memory system typically has blocks shown in Figure

Fighe JRd A SSRERIEiHECE I aRY BRihEcdatieriikient Briogivalmases 0-3.
Figamalzietbacxaupbesiesidal bigyrefkiAk plameatsshaysainibigwe 3a
Qb ' cept that there is an.additional system

l%\%:%%%[{ggmo ?%%%Ez%@%%gﬁﬁéfg%%aln%%p%gff%?gﬁaégrﬂ?gégr. In Figure
Figiyeihtadydhenmonimaiipagat anps whriavalicseonsiane pagetht lagiclhblock 5.
Figantmiliek e gspsavidrdasRakel Bangle kg aled CrdiWRiGE AsR gical
bgéla%g;rates the other components of the flash controller 3. However,

op io'na_lly, the NVRAM memory device 23 may be an external corn ponent
Figgisricie theottes s Rasy atrelider3 sddingibei cateenintesfaegpxata 360Ecal block
Lepossible form of the embodiment is to assemble the flash controller 3 and

l:.the f?RSQ mergor;ﬁés 5 into a single physical unit such as a memory card or
‘Afasn ARE R MR AREETG MR togide Rege L QidReirabRisitkRN-

Fiwmﬁﬁs@qihmmmmmu@gmm_mkm%w@a&mmk LBN.
FigroodRnmoL 1he RISSERLINYAIAR MR Uk G FABRersing. sy,
| of the e.d., In the form of

controller 3 into at least a portion ost system

FigHRSIA62. 6 b 2R Be Rrsesystsyoderrdos e aargiueing logical page to
prapipktatioaspepifig lcgipiaditiauilsASIC). In such an embodiment, the
embedded flash controller 3, integrated as a unit in the ASIC, together

embodiment, further optimization includes simplifying 5the host interface 7

nd potential ring. of pracessor 15, volatile M 17 and NVRAM 23
A R S v O GG o TSGRy memory

Syplemdusieeiiu hasck etk phovenie fiigure Ralingdibeccefficspot fimghefsnysidabf the
el Bley§ivahRAS 3 ME IEAbRACHTIRIAKEP QR RIIANS! APeRIRNE shown
i retrzleu?n% %%e%%gg%natlons, and generally has simplified and

eflentd §s BrFPHAS o Gifor AL IR eah i AP IRTS EYatsmdY RAM
mamrtehdesige 2drinainipgretitliciat the Ttz aichiavieoiiwe s tnifigroy menissytem
NUeAPds RfipRaration of é%ﬂﬂ:%%&%%ﬂ%lﬁ&ﬂ%a%ﬁ%h controller 3, e.g. provided as
part of a single integrated circuit which also integrates the other components of the fiash
controfler 3. However, optionally, the NVRAM memory device 23 may be an external
component connected to the flash controller 3 via a dedicated interface pott.

One possible form of the embodiment is to assemble the flash controller 3 and the fiash
memories 5 inte a singie 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 connecior
and & socket. Aliernative 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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15use of a number of mapping structures (data structures) stored in the
NVRAM 23 and the volatile RAM 17 as shown in Figures 3b and 3c. For

W eniidhigaide of discussions, they are called L2P_TABLE 100 pS#sEARLG00345
102, PB_TABLE 104 and P2P_TABLE 106. In one embodiment,

thZP T@%ﬁ 100, SA_TABLE 102 and PB_TABLE 104 are stored in
RRETAVAAHITE YRR sResdifoblens atasleiraits TABIDE T0Susheithemsiotein, the

enthedduRiidhor2ibieva)atileoRAdd 48 éhﬁnﬁﬁﬂ%ﬁetﬁl?%'ﬁ@%r 18 PRI xtema

fialiPkidpiahle R2E L TABLE 106 is stored in volatile RAM whose contents
“are Iosta;)% pg}vﬁrﬁoﬁgrﬁ%lﬁf%%m?ﬁ@ﬂﬁsﬁ@%é@ﬁf_‘?ﬂﬁ\f_@@bﬁa&% connactor

r
ﬁg fngﬁgg %ﬁ_ fﬁﬁiléi[%fﬂafé gaﬁmemmn@aaeifr@ﬂmﬁmﬁbﬂnmys simplifying
witt e OB A RS F sy
23%% ?.; u\év&jgh C #ryes onds%?gr?frﬁ:g s%§t8epg)€’n\§ﬁr%%%pﬁggﬁfgz fﬁ&g NVRAM
logica a%ﬁresseg.sééf'l&’éf_ﬁ’it@ms a table containing an array of
elements referred to as L2P_STRUCT 120 as detailed in Figures 4a and
Thélpr&dnt ABhidi02iH containing. an array of 30elements referred
relf 8 SA ﬁDTiFle S ﬁ?%i%%‘ﬁ%%ﬁ“?&%@%@%@ BISTRREEolent
%g 1€ Page 6 5RaP RSIect SREaR Mt arianajnefelementpmidived tpasds by
e AR W HIROR B AR B B o
6 iRt di SRC , an . , as detailed in
;a figureéaiéGa and %b§ gé%‘c'feéﬁ@@l%z A8 bR Eo Mg A3 £PBieining valid

aeal'ements‘PB_STAT 180, giving WO 2007/058624PCT/S G2006/000345
information on physical block status, as detailed in Figures 7a and 7b.

R irst table called L2P TABLE 100 of an array of
T S b B eitiisat evmimn g etare contoller make
USRLiEOHER R RPRaret Aty asly dinl diessaibie ) yadagiceld I OBRAM 23 and
therwotaltier BAaTsasigted it logiga . Elgure 4a shows an. :
theSXam lzﬁ’l 9 L.?P TITAI?é%Q:ﬁ gOrthat s%ﬁlggg's Enﬁ%&f%‘é?%%‘%?ﬁ%ﬁ%ﬁé%sf

?rom g fo SL}%%WF?‘% S e %ﬁgaﬁ@bgc@@f firé fTAdh-MdRrb Ay y3REMTABLE 106,
inepge Q@E?thgg AB@SW@I@Q@D%@@%@@%&W@ 104 are stored in
NV B S , memory system
e A B PR oS IR T o

information o’ﬂwiﬁ RELPBIBRRTeRshetty Reolopiica tbieRePTTISR F106 is

stosy itheeleritel RAMSTRECD ARG I RkeEResHO translate a given
logical address to a physical address. An L2P_STRUCT120 comprises

Thtf‘&eggel,gﬁgCC 130, PRI_MAP 132, PR1 PAGE 134 and PRI_PHY_ BLK
936" HERE 15 PR 21 AP 1B2Bs Ratp @ reatiitiptize ciappiigiyizaend diealt zeros

dufipgicahbiotifiash memory device production prior to the system being used for any

user appiication, which corresponds to an initial state of no mapping for any logical
addresses.

L2P_TABLE 100 is a table containing an array of elements referred 1o 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 dsiailed in Figures 5a and 5b.
P2P_TABLE 106 is a page lookup table centaining an array of elements referred {0 as
P2P_STRUCT 160, and sach P2P_STRUCT 180 contains an array of sub-entries of
fieids SRC_MAP 170 and SRC_PAGE 172, as detailed i Figures 8a and 8b.
PB_TABLE 104 is a table containing an array of elements PB_STAT 180, giving
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PRI_PAGE 134 is a pointer to the next free physical page to be written in
the primary physical block, called the primary page pointer;

WOﬁ%IiﬁW;BLK 136 is the primary physical block that is mapBgafwgﬁf{)00345
logical block; and 20 ECC 130 is error correction codes (an optional field)

infdragidrien RBPINSER dagical ical block(s),.t
L2P_STRUB§‘¥§120 is designed to%ﬁ%ﬁl‘ﬁ%ﬁ r)?ssiggl(ap')’aug?e% of mapped
physical block(s) to be utilized for storing user data. In other words, for a

Figlygi¢al diloule wmmm@lwﬁmmmgg@a!m” ; &rﬂ@ﬁ%q@ﬁ%ﬁﬁ%;r 120
n ck, substantially all the sical pages o
o Shyoe B B S e T RH T 0 any
aqu?g?EaP%é@éao@@ﬁ@iH@% BHERRY ealh sk oieteat digs hefdugiabbioalgeFigurs 4a
shoatidzessesmBleeoDtim anr PANBINOH R AEs Qs AVt LINS: |ogical blogky o red
ext.physica €0 rimary physical block to be written
frodf8ngf gjsg] next physical f th pri h | block to be writt
in reséon‘ é(%f’o Wrihngear?)g!f:gagi%%ﬁ)%é’z OFtHESBAfIRRMSERER GFregsie by the
noshdinfdiissitirdngiseldrinehied 281 b dheduess il able fieaagRalnsthise of
themMaghodewRARts oS SAMR g GRLRANE e BaRdIRd the Spmewayasr 15
C:{,_m\évntln%o an .otl}ier logical page, since there Is no flxed logical page to
S P TEion Rl = RS teniciacmes trshuperbbissks THS i to say
thahieenetPalfolii-Allthadpiges diphysicaliblackeisiae: fullivutiizgR 40r 0868 to a
oM S, hayi I sumi a 0 |
gﬂs’éﬁg%@i%f% e LN s s O R
d thé ﬂf[é)‘i{,] el O FHhEPE. Klgserseded blocks for erasure. The
result is an improvement on system performance 5and reliability. The
C ield in all NVRAM system structures for error correction
e e RO K S N BCRIAR & B o PRIGTARE One
éxampleohaF Be0s1BpdinpleimEntaiiox fscthehstall mbtam mingr@oda: the
ECGABQrnamerienrlkk belel p Brmﬁa@#é\ég%é is of unlimited
|

%ndr#(rﬁ c‘ge er if its endurance is deemed sufficient for the usage life of the
e Cr vElef-TorHR hraiersy At YRANPECOmmed fb thiefogical

out Wieeis; explaining system structures in subsequent discussions. Figure

Q2 SPBWS; 3 $RCH é%tg alled %A ABLE 102 of an array of
- SA- STRUCT 14@% sé%%‘r?&a?@ ei%& PHCRIIR f@%‘Cture’s. When used,

an SA_STRUCT 140 describes a mapping of a logical block to a
n awiinodaneRipiee grs BIRAGE phja tie AURY ABERADIRGCTadss
de% S8y {g%{ﬁ%"l’oéﬂrﬁl %%ck FZ%Em be magorged to two-physical blocks by using

oth an T.2P. STRUE T 150 SREturE "RARARGT SRYXepRYIRSI a9 Bt wtitiaed for
stofnghieg defegloattbrsskordswor phipsitat itk doniniesith e plumiier of ipggel
padertefdh@dical biock being mapped to a physical block, substantially al the physical
pages of the mapped physical block are used to store user data when writing to any
logical page belonging to the logical block, regardiess of logical page addresses. The
primary page pointer associated with the logical block identifies the next physical page of
the primaw physical block to be written in response 1o writing any logical page of the

iogical block. The page pointer is then incremented to point to the next available free
page. In this method, updates to the same logical page are handled the same way as

writing o any other logical page, since there is no fixed logical page fo physical page
mapping.
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20can be performed for the logical block before page copy operation is
uired to reclaim and allocate new space for further page writes. This

] re -
Wofﬁﬁﬁé(?”?éa‘hces page copy operations resulting in further incré43eSH2006/000345

system performance.  An SA _STRUCT 140 comprises the fields ECC
T 150 %_?\ ,IA\P 152, SA PAGE 154, 25 SA_PHY_BLK 156 and
ESEES Bllqea AR tisaTaces AT RiNPIGR bieskesn@arjivantiagRifnnage writes

bafmﬁ;aam'wmemmhimsmmmmmq;gﬁgu%@@dym@&a%ﬁ%’ﬂn{m vaiid pages

. i ise, it i 30.SA PAGE, 154 |
A N

ointer to the next fre
Sh&%éﬁ%%‘%&&s&an@@ﬂ#’é%gé&wtda@a iTRNEETSAL BHYYSBIKEFGimance
anteaBbdindary physical block mapped to its associate logical block.
SA_LGC_BLK 158 is the logical block associated with this SA_STRUCT
140, if WO 2007/058624PCT/SG2006/000345 SA_MAP=1. Similar to the
ThsiRtaR 158dlelg dmierdiiteadddydan syatsenpointiuristefifiesdhedh@stion in case
wibnsine)prgaio bthessaRaRdianRb TRl Plock o be weilen, This glgus el 150

f 5the secondary physical block to be fully ut cest
B R Lo oo v
N%%%&%ﬁ@&gaﬁ@,itms@m@andm@rwempem@mamamé@I@Jﬁi&tyn{‘m@tme
uSAROREhRARESHMLRR STRUET &%Oiﬁ%?e%%lgi# %ﬂf%&‘&%@ Wil be It

the page pointer SA_PAGE 154 may be omitted, ant one pointer; e.g.
O@ﬁﬁﬁfmwaﬁéﬁ%&f /11 -Bibseriepbdrrustionglicate the

10next free physical page, i.e., if the extended bit is O, it points to a page
FitfEstPiysical block, and,] RE#.' is 1, it points to a page.in the

secon%g)h sical block.) g"gh%ﬁee%%'gﬁra yéa%]r%ﬁg&'?\ﬁfﬁ%\éf%%’q STRUCT 140
(SRGRNEAH Dlpa SHHTILEY Sy SNy \Yieas sedinh B_RERWIOT Marbscritfes 2
mabysigak blatisalbbeialos 3esbAG P MR SIUBIERIARKSHIRBANG the primary
physical biock. This is to say that a logical block can be mapped to two physical blocks
by using both an L.2P_STRUCT 120 structure and an SA_STRUCT 140 structure.

Mapping a logical biock to two physical block doubles the rnumber of page writes that

~can be performed for the logical block before page copy operation is required to reclaim

and allocate new space for further page writes. This further reduces page copy
operations resulting in further increase in system performance.

An SA_STRUCT 140 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 s used. If SA_MAP=1, this SA_STRUCT 140 is used, otherwise, itis
unused.

* SA_PAGE 154 is a painter to the next frse physical page o be written in the
secondary physical bicck, called the secondary page pointer;

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

» SA_LGC_BLK 158 is the logical block associated with this SA_STRUCT 140, i
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15the majority of the physical blocks for mapping to logical address space.

Wo'ggu%@gg%mple shows only eight SA_STRUCT 140 (see F'gurﬁéﬁ)smaosm(mns

meaning that up to eight physical blocks can be allocated for use as
secondary blocks. In general, if there are S number of SA_ STRUCT 140,
then gp teySpaymber of physical blocks can be 20allocated for use as
secondary blocks. In this case, a maximum of S number of logical blocks
can each be mapped to two physical blocks, with a total of (S x 2) number

Siofilphysitalblocks wwzhfmﬁraawi@%mp theys %rbatmaerd%lﬁ%%e next
ontrolier m nf ure ave any number

ORI LR SIAIEL DL Sl SR 0L,

thp BesrdAloRRESER! birsla irdee BilyariiliBrit ks ditestiad enafitisthapdgheony,

re GBI IRRIRAES BIMSak @9&8&,&@%%@%?%&%”&%%%#% roved

| block tol
i R L b e L g s g
SARCRTEE Ié@ﬁbar@m&adeagetmrﬁhymaPWG‘&s%mm:pcﬁednkmeth@nd one
pOHAER efgtss%sm@'@tﬁéé’mw éry’&%rﬁt?ég folows g%%athe

bIo k is unma i.e. no physical block h beén a}Fcated to logic

%ﬁf eR® f”Bﬁi"%ﬁ aaey | é&?b%@@%%%b%a orepiwriarg pﬁggutfaiu@rdﬁws'cai

bigR) aPth2: a@@n@édbmcis 5, i apipeslito e ip teaydahysitachiackand
a secondary physical block; 5 A PRI_MAP 132 tag having a value of 2

indicates that a logical block is mapped to two physical blocks: a primary

THERG SR apBreRIY Arliiniesboemash hRdsiSaIFisek 1#Aivseditaatsisiewidotheto limit
thbmsomaﬁadméh@myﬁﬁaﬁﬂ' HRETD %@%Iiﬁb@t%&-%ﬁ@%r&é@ il Ofieaving

ntain the | bI mber which it is

th%ﬁ% %1%@8% n e ngosn%a:/ofpa%ﬁg i 9?‘1:‘,@1 Bitreresent

invention, some logical blocks may not be mapped (PF11_MAP=0), some
THMWWM@%Q?%@E@_@F Pﬁnl.ﬁ.‘,ﬁhy«%c(%le@%re 5a), meaning that up to
eight physical blocks can be alliocated for use as secondary blocks. In general, if there
are S number of SA_STRUCT 140, then up o S number of physical blocks can be
allocated for use as secondary blocks. In this case, a maximum of S number of logical - -
blocks can each be mapped to two physical biocks, with a total of (S x 2} number of
physical blocks having been aliocated for the S number of jogical blocks.

In practice, the controller may be configured 1o have any number of SA_STRUCT 140
and altocate up to corresponding number of physical blocks for use as secondary blocks.
The trade-off is that if the system uses more physical biocks for spare storage, it will
result in less physical blocks for mapping to logical address space.

The PRI_MAP 132 tag indicates how the logical block is mappead. The embodiment

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

e PRI_MAP=C: logical biock is unmapped, i.e. no physical block has been afiocated
to logical block;
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(PRI_MAP=1), and some logical blocks may be mapped to two physical
blocks (PRI_MAP=2). 15 At any one time, the state of a logical block is

WReHEYilseerby a set of associated system structure fields storegldm S oos/000345
non-volatile random access memory, which is termed the current mapping
state. In particular, the current mapping state of a logical block is

descABedMAFits! aspcitsdek APmETRU T Al gRrAng BysRafdeT 140 (if

d .. 2 PRI PAGE 134 PRI PHY BLK 136 SI
8%@%@5@ of%MéA% %:k % BB A TR i3I QPR a

if anyPFoSAVNIRYSIESDIFYNY) SA_PAGE 154 (if any) SA_PHY BLK
156 (if any) SA LGC_BLK 158 (if any) 30The above fields describe:
association of the logical block with a primary physical block, if it is
elE/‘ association of the logical block with a secondary physical
A BRIGMAF2 is6imeving theahexoiihisital tpagdpansije:ay bR iMEEE to two

phygitel Msess H’ﬁﬁﬂﬁdﬂﬂb‘?@%@ﬁ%c}é\/&x?%%%?g%%ﬁgwgg %P c?/ O[g ?059;035

rrent map states of a logica 1 Gse TorwH
b*oél@#g 088 BRe3 Eﬁfﬁﬁ#% ] éﬁnﬁfé%hacﬁgm%s‘%@ %’b_éﬁﬁﬂ?s@hs A8 field of
Th’ﬁn%%:ﬁ?@"é?@wrﬁm Fig oG thelbQPal DTG GLILEN v entidbciated with,
L2P_TABLE 100 states that PRI_MAP=0 indicating that logical block LBN

| nmap @ i.e., the logical block LEN has not been allocated a physical
n ga]g Ifb‘,(cg% %W“OW system of the present invention, some logical biocks may net

be mapped (PRI_MAP=0j, some logical blocks may be mapped to one physical biock

(PRI_MAP=1), and some logical blacks may be mapped to two physical biocks
(PRI_MAP=2).

At any one time, the state of a logical block is described by a set of associated system
struciure fields stored in the nan-volatile random access memory, which is termed the
current mapping 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) fieids:
* PRI_MAP 132

e PRI_PAGE 134

¢ PRI_PHY_BLK 136

s« §l {index numbér of the SA_STRUCT 140 associated with this logical block, if
any)

s SA_MAP 182 (if any)

o SA_PAGE 154 (if any)

o SA_PHY_BLK 158 (if any)

¢ SA_LGC_BLK 158 (it any)

The above fislds describe:
» association of the logical biock with a primary physical black, 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 biock.
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At the state shown in Figure BID, PRLMAP=1, logical block LEN is

woPRPReski@ 10physical block B, and the primary page pointerypdicatas«hgss
primary page is A. Writing any logical page of LEN will store the user data

to {physical block, physical page) of (B, A). At the state shown in Figure
Sc, PRI_MAP=2, showing that logical block LEN is mapped to two

hysical blocks, primary.physical bjock B and secondayy physical 15plock

T BB R e DTy (B ARG Rs ero
exriRibeH deiy e pitater fralics e tBatahe Becondary page is M. An

SA _STRUCT 140 entry of SA_TABLE 102 indexed by Sl having the field

SA L GC BLK=LBN associates this SA_STRUCT 140 with the logical

Block! IRGHRIEEERO R RPHIR d8giRal Fhgs SRUEN IWANSt6R0 #EUSEr data

to (pLfsidamlackophisealpage) oAFISIN)Jating MR RNafhas NBN is

rea ' ' I ndition); indicating that there is, at

east A Sl I e o

of LERF##PBe stored to (physical block, physical page) of (N, M), a page

in thersesendasnavsicaldlrckn2b@ioigibat ingariatier aiihe ake¥ed w
schen,r?esiWhéih%gglsé%ga%embodlment of the invention, there may be _
additohar PR AP 18§ I0s REIR AYRE S RAR D RIS s A
writed imgvaenlduisprirmaeyobhBisedb sttaryipbysieatisle ks pRgsicatarople,

whil%ﬁii,g%ag}/btgl g}chn jcaies that pages in the primary block are written
earlier followed by p%esgin the secondary block, a tag of PRI_MAP=3

My thHie A8 eTYMY &5 Tiowie 8o RBbAARFBIGhewieo ihedrdagliblogiddBN is
the pmmmtm@@hmyéblﬁmkké)n ﬁhmwgap&;@&w&&?&aﬁh&ﬁ@%ﬁ%@ r;]mysicai
variation,ig, omij implicity). Eigure 6a shows a third table ca t

o NS A B DT e e S
refelf@ePISIaY P2Ye BoittesdrEicatzsdie fipageensipmpies isddeAmEA_STRUCT

2003%%6%8%’??@@&@%%@99@9 ?%W%%F@féf%@ﬂff%@’l?ﬁ]KwLBN
eac . I r mprising. an arr Qo1 sup-entries or ine

e s S B A B T e ey anv
pagdosinfbeagy elddhNPal sSETRRUCTs2606 unifpslyicd iteskattiydisabpage} of

logicgd, logkiwmaen A8d rRashsulRALY Rf ReRirnRVKiE 1M 08 condition);
RC MAP 170 and SRC_PAGE 1721, is unique

sub-e’ntg%bel 5{88 , _ / iquely

addrBSis \%95@33 Gigar FAFERIRBSY TRESITGR ANYalGaS RaesoR Bz block B.

consetuivade voitiirod LBl oeill e clofeid tvéFaysical biock, physical page) of {N, M,
a page in the secondary physical block,

(Note that in a variation of the above scheme, which is also an embodiment of the
invention, there may be additional PRI_MAP 132 iag staies to indicate the relative time
order of writes between the primary and secondary physicai blocks. For example, while
PRI_MAP=2 indicates that pages in the primary block are written earfier followed by
pages in the secondary block, a fag 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 8a 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 example of the P2P_TABLE 106 that supports N logical blocks,
numbered from 0 to (N-1), which matches the flash memory system

qua?géqséﬁ%i‘ce supported by the L2P_TABLE 100. Figure 6b sBEWS@#L16/000345

example where a P2P_STRUCT 160 supports a 10logical block organized

j i ressed logi he present embodiment,
B S e ML oD e e s o ey
of ﬂ@%ﬁm‘i‘%é’%}?@@@rﬁ @ﬁ%ﬁzﬁ?ﬂlﬁ@kw&@ﬁéﬁ@é {{soadsbtinap ifg, source
phybigsicedplaninasnipins B pagesTierihedogicaliblagh é&?@'&%&lg%%i alogical

r ndingly be, 15subdijvided.into G consecutively addresse
U e S e oW A
{Stiked'tith e pediBladié@ hage) atidiessielchiageaimahsrs. \AdieEn ative
LATBBOdIMERIRIN DA 5)@9{5 ' I dress space.to_.
zhe ual a mulgﬁ le %gﬁﬁgl b oc’k%%%ﬂ]sg%%@p@g@qﬂ@gra o%&gr?g%cg Figure 6a
ATl SAE5AaMIeLE Sohod A5 bq G RSN Beipaicebpisy@Lmoered
frﬁavﬂr‘ésé\isb)a@é\mimeﬂﬂweem@sﬂmm@@;ﬁ%ﬂ@@e@ﬁl@b%@%@&é $0h8ried by the
map ve). The number, of sub- ina
D e A TP g«
OHIELRRCE AR R Pritres ively dreeakbionlaslipagesies for each
P2P_STRUCT. Figure 6b shows an example of a P2P_STRUCT having 8

=entri | sequentially from logical page Q to 7. The state of
e e D S oGt R A PPk sk ncee same
asdfiB-dRer§itbRI3ddRE SHARP of Z0nikyaital imtis Atingpthemiappén dtypeiodthie a
higgishbRagedRHRC: PARE héa ind igaLA
ZUH&?\HBSEI’ iF\(% tl&e Iogical Bﬁ\g&e Thé%sﬂlg% %ﬁ%@g‘%d des@%&%ﬁc}g\%ﬁ?gly be
mapping of a 10gica Cﬁgﬁésbaﬁﬁﬁﬁ%‘}&‘ﬁ?éiE%g%?oéﬁ%'EﬂIgW@appmg of a
'om&mmﬁmm@a@m ipagéfisenotitreppedci ©. jdyhas Reldheeny¥EtEan page

nuﬁﬂierWQt%%?@%@é&%W%%@%ﬁg%%gp Sda e loaical

CK (primary

: [ d h | t
PRy R 0 HLG0R BB RGHGGIE A GBROT sy taaniigs 2 ogica

Pagarabeiersreure buldnubleacauitsRostding [HRPALE dddd@idpace (with

| coﬁ&%o%&%]%a ?&%%956\%&8%@ %%ﬁggéggﬁhpggetg%%%ﬁegaqawe).

second 5physical-block-(secondary physica associa

logical block. This
The number of sub-entries in a P2P_STRUCT is dependent on how a block is organized.

In general, if a block is organized into N pages, then there will be N sub-entries for each
P2P_STRUCT. Figure 6b shows an example of a P2P_STRUCT having 8 sub-eniries
crganized sequentially from logical page O to 7.

The state of a logical page belonging to a iogical 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 BRC_MAP 170 field describes the mapping of a logical page belonging to a logical

biock as follows;

¢ SRC_MAP=0; the logical page is not mapped, i.e., it has not been written yet,
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physical page number is recorded in the corresponding SRC_PAGE 172

wolfifgkRe page lookup table P2.P_TAI3L.E 106 is §tored i.n ra@% e 0343
memory. In the present embodiment, it is stored in volatile RA whose

data will be lost on power-off. 10As portions of data in P2P_TABLE 106
are sjared isSlashymampry) ?ragng%%zﬂggg%@%%ﬁhggé%% R S20P8 physical

reconstructe_d on pOWG}I’-On (0] . respon oca SO S
men&i/ SPARaaRkicel Rideksriecriatebwitlr agd foaios! fassnTnitaiwsical

RANER; hawevers thisiganhnprefesiessibHey esant embodipenidue to
the @Hﬁeﬁvﬁ?ﬁt:/gy%ﬁ ofgn%n-volatile RAM compared to volatile RAM at the
presenttme 151 the soar8E %t RARRPEEAP dRMNE SaRRS daItha gecIne

corréspIRdiRgentiscoptiaP 2Py BTRUEE) E8R isiapahtedh. sEiblogicatebek. This
inforsmadien phihe RAM.F ABbE MRS togetherudth,the LT ﬁ'@%%%%ﬁeﬁd.

and SA_TABLE 102, adequately describes the most up-to-date logical to
physical block and page mapping. In particular, the P2P_TABLE 20106
TherogeeHerkuithiahie StafesTéMLZP! (RABEE200raneth$oin FABEEMORDGNEDIEE

prdfhCOnBolRR iR 1ALy 1RE MOoshiscRMb YTRN, RhYSIc IIP%J%C}%SP anr E)ig\%/ler-oﬁ.

pa %}foraloglcal age, whereby the controller does not have to m
s GRS G oA o & 25 oAU R AR e hliaRB reTSReVc tRsstongp the
P2FalliBLE a0y oaimf_mep’e_ysmhm@e@rwh '%Hiﬁg%%%’ééﬁﬁfﬁiﬁ{é)%méons of
r=ar, chem rQces i user a
T B R AL I P ot R 25,

hoyRyesshipABDet BrRissafsWhe R rRAN TR oRiRapbiv e thibénsgieerayofte of

nofBol STARANMG eaghaterian eli-andpgial; by ApBYsiFas block number. A
PB_STAT 180 describes the status information for physical blocks as

follows: 30 FREE 194 indicates that the block is erased and free to be
In ERraitEs. cUBRINOSIHsd datreto thah s bl pelgbah beenadturaied @y DIIA6

Poimdicriethabthe biaskds sehedwiakipbe frased cRADSY idicategdhat
ot be used. WO

the block is b :
?Dgf /8%5&%@%%@%@ fbarhsA_TABLE 102, adequately describes the most

up-to-date logical to physical block and page mapping. In particular, the P2P_TABLE
106 (tc_}getherr with the states of L2P_TABLE 100 and SA_TABLE 102) enable the - -
controller to identify the most recently written {physical block, physical page} for a togical
page, whereby the controller does not have to mark superseded pages as old, or
requiring the controller to store time stamp values in any of the physical pages and
physical blocks, as were done in some prior art. With this scheme, the process of writing
user data and reading stored user data is simpiified and improved.

A fourth table called the PB_TABLE 104 is shown in Figure 7a. This table contains an
array of PB_STAT 180 each uniquely addressable by a physical block number. A
PB_STAT 180 describes the status information for physical blocks as foliows:

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

« OLD 186 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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PB_TABLE 104 describes the status of up to P total number of physical
blocks of all flash memories 5 attached to flash controller 3. The
W?’@ﬁf&@ﬁ@ 104 is initialized to indicate the status of correspoRAFEG2006/000345

physical blocks 50 of flash memories 5 attached to 5controller 3 during

controller/flash memory system production prior to it being used for any

user application. Flash memories 5 are first shipped with the block status,
e oot tchamsad casl o (AL
fIECHRER ! Sashphy. 0 riQr p‘g used. An invali

ock cannot be used {?\or sto%lr%% ﬂsgrﬁ %5?3,*?%%}%@' %601\%1(1%”’“3“29‘1 to

h
NARRRAN e a! soaBerondng Mivivisabaiding, ForoedethlBphysieal blagiched to

cahtvipetiticriogatiandizaiiainamblock sl hen inifalizing fhe
aGPUESPeNsing localion PB_STAT 180 A 8 S s o

memorl_els] 5 may have invand/bac ioekEhABPRES RIS, Blaghamatus, valid
(SRerberitiayalist bas) sepordegomeaspise fivsoketions( BB BT HRSIOVEIHERY data) for

edleshySIoa0BICBYSIR Y Reingeysed:ios agy jH\?%f?ﬁRBHEl %O%Eﬁﬁ%i‘;eﬁmrﬁormg

vantage of maintaining the status of each physica
R RISy 18 TLAon e AR TAAplelYpsssint: for szch
DW@W@&:@M,M?mﬁoﬂmmas tieabrianls BM@E%tﬁlL@UQH%tﬁf’agmﬁgﬁRﬁéﬁng the
cBtagps 22atieh KA ; [ ated from F
1940 y%%g e, PATLE 1% AR R migtpees © mey
oy SR BRI e S M JaghiReite ag &pattericrotacscih § BT 180 may be

maksarsdEbP ISy desatiedhted mbaiaisage-ABdRle  S1ased JRX user
a@g{@g@gHgnt use again. (The controller will update the status to BAD 197 if

an error occurs such as when writing or erasing the block causes an error
condition.) The possible status transitions are shown in Figure 7c.

T taimags tbenshtiating e Ot M SR RUAYS B DR INE A 23 is that the
sa%%@{&k%@%é’] 0%%}” g%nrgglgt?nﬁ%a status information in such a manner
in flash memory Wil have varous irifaHERE s eitoRewiaiesupiieas orior
S thesdambaikauesirfush locdition eisiaghedtase offmamardyps ofe status
byhAMDtaghareRpsiaFintpienenad ¢isi ] 53Ut gh
a@pa%%%t a!‘té%irg%t‘i?\&gglbo iments, %o%a@%%sﬁgﬁﬁe (flsc %?O %Hgé)%d'
2P STRUCY A "STRUE AR pobisiRuretpsdousitieingarased,
allegarmgirinstesddstlosmigdisitielisgb amndRe SR T auRatuent use again,
(TtagedheGilbefie|drisanhe rated, iRto.individual tables of their own, .
o rsucgithaé\syarg@ tables ﬁ%ﬁ%ﬁ&%‘f‘g\%ﬁ ?o?%ﬁffﬂf&ﬁ?rﬁﬁ?g}kwgﬁﬁ writing
PRIZBRY BLI AT B SHiRgSiRra Ty pesinks staiun eatsitiveingre
shown in Figure 7c. Maintaining the status byte in NVRAM 23 allows this to be done
efficiently. In conirast, maintaining status information in such a manner in flash memary
wilt have various limitations imposed on multipte updates to the same or adjacent flash

location, as in the case of some types of NAND flash memeries implemented using
multi-state cells.

It should be apparent that alternative embodiments of organizing the fialds of
L2P_STRUCT, SA_STRUCT and P2P_STRUCT are possible. 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 separaie tables are implemeanted for PRI MAP,
PRI_PAGE and PRI_PHY_BLK, each tabie having a plurality of entries, each entry being

25



10

15

20, .

25

30

WO 2007/058624PCT/SG2006/000345 uniquely addressable by logical

wobklackossgnber. Likewise, the fields of SA_STRUCT can be sepafalgshiidiifossas
individual tables of their own, such that separate tables are implemented

for SA_MAP, SA_PAGE, SA_PHY_BLK and SA_LGC_BLK, each table
oo R R I B RS R0 S eh T e BRBOFRe
ImplapariEegdgeSAVHRIiBon FoGie, Soxticn vt Bakhpliysicalmagewhishcn tanle
hasteres pISRIRRER dQrtaerads anRYEHathd iR E%c‘)fn%%?g éagé%‘%&!nber.

page which stores some mapping information. The overhea
further 10includes fields for storing block status BSTAT 80, logical page

Thmajpiaem & Hatbgictipagensmben NS idisestdata FGG84, avarhenss the
E& informati necessary, These fields assist the
oy B e 0 Ao 26 B o =
PIYRGE| R SRirisl sl anaBia Ttk Etiediien wyerdasriydaidiasta M2 nfogch
phissiae dggimetttdin gmﬁ%ﬁl@fé@ﬁﬁ@ﬁiwéﬁléﬁanfofgg?&gﬂé%a&@&a 72 further
iRk ad dat OWS: Isatag .
e the St aTHAG SRy GCa AcKeC. DR S24E Wy Whalcaligae peoe
““&EﬁstB’fg!ﬁ%gs@&r SaFEGShpdicaypagad FUVES, host ERgthafenisation as
B T om e Jog o P aloa g esses to
o S e RS AU AP TR SR D ARG mermary
ProRfid o MgIHiNg MO hesr B otioD BRE 8dpaitht uges: daia ECG pRb6i@8dishe

ovenpiheaddain BEfiamBSTAT 80 may optionally be stored in only 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
beerRFSpATT60ss0aitey irmtieainia tene:athspmpansaf & eisap; indication

age ible. methods,and operagions of the controller accordin
P A L A Bt EREEI SRS AG i cogel =

on tHeeXHdvelpre i sRenesypitampor b By sinahl dhe se idesciinions Heat 00, the
the interegbalairticAhe ﬂ@eﬂbP@aﬂ DRRKIS BRPWH, i P
per ql_?,%( gnd a gfi%e qf user data i'sB ?r?e rr]inim.urtrﬁﬁ?J l?r%t\! ?gﬁﬂ%ﬁ@gﬁﬁga&
s 82 1s the logical page associated with this physical page which is valid only
it LPM= hex 00;
s DECC 84 is the user data ECC.

s  OECC 83 is overhead data ECC.

BSTAT 80 may optionally be stored in only 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 heen used for storing user data, and other means of such an
indication are possible.

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

ali 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
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WO 2007/058624PCT/SG2006/000345 host write. In all these

wéleaErinlgns, the received host logical addresses have been translated to
corresponding logical block and logical pages, where a logical bdek2006/000345
comprises a plurality of consecutive logical pages. For the interest of

hoadeteon ielelis shown to be stared in the overhead data along
e b b Qo0 ot Aitiosay awoest

trV\r/]iélp %h userrrdata to be P! _ :
BV DRTR PraRing 'eaisarblosiaang reibelp dtigaires a6 aridgidbishiowk

camgtiteps omﬁﬂérmmwmmwdﬁﬂaaqqaadeg.i%rttl%maﬁééﬁ%f &&%@f\gm the
Lenepng e SRdhess fig t%?éc?:lglthMAP is denoted more concisely as PM,

and 10SRC_MAP is lgenoted mgr%vgﬁﬁﬁéqe%tésa§ﬁﬂ Wihis e Kanngriade be
PrREFEGIark e Reda v pdafthainpdiogical biotePA lnyicalpagesStodhas an
alpmisigdistate of the L2P_STRUCT associated with logical block 2 (denoted

by L2P_STRUCTJ[21) and of P2P_STRUCT]2] is shown in the left part of
Figure 10, while the initial state of the physical block 3 is shown in the

th}% :’t‘ﬁbéﬁt %ﬁqv'vgmgmwwpmt'emmaosrmmﬁm@adf%ai BRAABR has

ndheddhism MapRad =Q or-PM=z0). Next, the controller

sitlocates Sgggnus d eraé%%%ﬁﬁ%%iﬁyggﬁﬁ%sg p%%feo?%%ﬁ%\lﬁlés PM, and
erase plﬁyselegﬁﬂe&%eﬁpW§?¥¥g§€a$ﬁﬂlobkffﬂh‘: BreTaie phajealbissidata is to

b%\e{ﬁﬁiﬁérts G@@m@?@‘m@’iWW*‘?@@}P@‘@W@%@?‘%%%;%@UE
SREENREY iS initi e e

ahis chang%:&?) , gg%ﬁ%%v%?ﬁﬁ%%%%%%ﬁ%ﬁ‘&f&@tﬁgdlﬁ Ffe-RogitdpTial is

SRS ORI R BE R s bRy Ttis thio bkiRlaiate ob thesticioa Hlagka is shown

in fregewsrigtt datadbragical ieskeawilliisedbe PageAymReF %9 it

iGhsis-0. Then._as shown in Figure 11, P2P SII% gﬁgﬁgfaﬂtzs

”ﬁ@%ﬁ%ﬂ@%@&%ﬁ@ﬁ%d‘?t%‘ioﬁw §4e Bligsgiea Momkesderased

PIyEahatPes RS Mew b RGIEGEsef fihyRicaT bis AGindicateR#Rl biock. In

thilogisal ragiedl boleainahBlaCK 2 isdnarpas ta; yma o

" @MMW éleis &h%/srig%ibpﬁ%%), The Pil%ql PA%%&(?IS? %@Q@%ﬁé@ﬁd o3,
is next fncr ‘m%npea to poi HR RdRtzRA IR RieapagaadiRinylARisid issehianged

10 pafe WA [Beicapsiods? priext; Figaratata Didlegkal biloeki2 ndgisabred to

hpsigeidis WH ; = ical =0}, along with
D e e e R b S R G R g e

] ing_the logi
i galgr'ee%%ng%wgigﬁ%Eyg@mpp@@ﬁhﬁ’ﬁi@ﬁégﬁé of user data of the same

logical block but different logical page {logical block=2, logical page=0} is
THnbesWFERR-Singe PRI_PAGE equals 1, the user
l datf'al slif) writtge nr%?l“’%g*%%%ﬁ% (i.esthe sEb-entry corrgsponding to
ogical page & of lagical block 2) is updated to {SRC_MAP, SRC_PAGE] of {1, 0}. This
indicates that logical page 5 of logical black 2 is mapped to page 0 of primary physical
biock {which is physical block 3). The PRI_PAGE fieid of L2P_STRUCT[2] is next
Incremented to poini to the next available page for any subsequent page write to logical
biock 2. Next, user data of {logical block=2, logicai page=5} is written to {physical

block=3, physical page=0}, along with recording the logicai page number 5 in the
overhead data.

Continuing, Figure 12 shows another exampie 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 squals 1 and PRI_PAGE equals 1, the user data is to be writien to
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{physical block=3, physical page=1}. The P2P_STRUCTI[2][0] (i.e. the

W H‘p] 1911878 corresponding to logical block 2 logical page 0) re
O?SR(@ MAP, SRC_PAGE} of {1, 11, indicating that the user §9¢ 0?6006{8%q345

blook=2, logical page=0} is written to in physical page number 1 of primary

{ph@e@kkﬂ@byémqirwge&%@@%%@!ﬁz%@%[@j |5 s, 'M%GFBH?R/

t sical block=3, phyS|ca along with
oo TR SIPALAIEch A\ RRER ) (Pl VAR i o U
13, lug@atiﬁg tforfitee pagedaiighfeditas hives-at lnglaels;ﬁa@eﬁ Jaginattbtogkid

phy3HEr 9808 BEHS S cgmﬁet?@\s%as%wg@sm 8dk J%&E?%J B shows:

0 that logical block 5'is mapped to primary physi
el 1T S5 85 VAP 65 P AR BEah pskeh B pmigsicace=1]
alorgagits G reisgactivalyn ddretPRih® Atdrhliald dias been incremented to 3 to
point to the next available physical page to be written. Figure 14 explains

what happens when logical pages 3-4 of the same logical block 5 are
Floysajd-Asd. 1P ArrBirRDdt Sairahneass Hie 4k shasroveientialigiaiecot

log;n@vbrl]desgr‘ﬁafgﬁg@é&}g@%@f I@@%Bd%&&ﬂ%fé %BWR}%I‘P@N@‘E@FPWQ‘M shows
e as peen Incr WICe as 1rom 0

e Ao 5 5 TRER Byl DAL SR PR PG e Do B an Logioa
Pag%ﬁénh@Y@ebeﬁtavaﬁﬁ@wwwﬁagmm eagectBliy. Whtdtrio PAGE field
has{pbysigaldtasied 1By GRlimag ms ha lang Mt Ees Q?S‘Qyé éOrQ'B@'\Pﬁ%

number 3 in 20 the overhead data. Similarly, user atao {logical block=5
~ logical page=4} is written to (physical block=2, physical page=4) along
Figwiith feomiding el dgived magbaliogien dpngthepyertbad gatalobhis block 5 are

upd@z@nPﬁsm@?{% %E%ﬁm@@@ %ﬁd@% %\’/'&%H%% B H 2 f? ntgwd

1
information 25about where a logica page S been written (%18 ination

PRYRGE CaFF WRRRISHERI #1e EQW%&BEEE&@O&&H&SWWLE%EY!QW has
beepdrticetaeniebidwiadegitapage hasdeerupdatets ink iNesedhBages 3 and
4 oﬂa%eﬁ%%ubzh%%wméme ek 14 ﬁm FRMiging t

st up-to-date.
information su that the most recen en page, W ?(%Céi) %Sg%/é%a”lﬁen
to {B@fﬁ""ébﬁ%‘%ﬁeMéﬁamﬁ@ﬁﬁ}é‘m@éﬂar@@fdm@ly ngirsiseadngFobker 3 in

the @a@malﬁi 38Eigsirgiddys fd@%ﬁcﬁ%@lﬁ&%ﬂéﬁ&@%@@ﬂ@?@Cflﬁ}‘é’wrttten to
(oh @Qegs halsca F %gf value of 1 and a t%ug E value of 3
s in cateé hivp Bé’s 2 grﬁa?fﬂ@ BUFEAPREGALEIRET 4 In
thel@&%‘t@%ﬁﬁ%@smal page 3 of assomated primary physical block (since
SRC_MAP=1), which is phyS|caI block 2 according to associated
Thi L2P STRUCT S% revio wrltten data of the same logical address
hERE &P 7 Fé%% %é%@@é%ﬁ@i@epﬁﬁ’étd‘%t@f@éﬁ\}@ﬂvmam“
abcsuwe@jeépgrm agkh Ddselvere whiies naieg wie uasalngestatbsnatdagsthe

Logn thgoxerfead daia ?A@D@%}Zpﬁgﬁé@cﬁrﬂ Lnbesed géidp%tge Bbeen

een superseded. This avoids t
updated muitiple times, the associated sub-entry in the P2P_TABLE 106 contains the

most up-to-date information such that the most recently writien page, which coniains
valid data, can be identified, while oider pages are effectively superseded. For example,
Figure 14 shows P2P_STRUCTI[5][3] of {logical block=5, logical page=3} has a
SRC_MAP value of 1 and a SRG_PAGE value of 3. This indicates that vaiid 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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5additional operational steps and the undesirable effects of potentially
W(f% %gg ;;,tate of adjacent memory cells that had been previously written
In"'some ?y?)es of flash memories. If power is turned off, the inRSfiS&a 00345
P2P_STRUCTI[5] is lost, unless it is stored in non-volatile RAM. In the
ag@sevhere.the information in P2P_STRUCT[3] is lost on 10power-off, the
° {j/alidsuéf? pa’g i21HEM6le from the overhead data field and by the
order in which pages are written within a physical block. Among the pages
Thaa\@ﬂg;gqinm@rb@@gq%tng{gﬁ@% in their overhead data, the gne
oh s‘?‘%:i% user gge }%the one that isﬁg%?s{t egggqrﬁfyo\;vﬁ) ho %@‘(ﬁ%ﬁ%&f#@a of
alid 0 r% FRO! R B dals hayrarprgersisesipshsical ik,
ad@hyeriansagiony aimbthispigesdpersenes A&pvsieal RRGE Dwhing base o

dithesame18g) recorded jn its overhead data, since
) Jphysic:al pgg’g{%{Ea[rﬁgtsrtp‘%g::%%%y%ﬁi\ﬂgﬁs WPSe8 SR biRas ph et memories.

more detailed explanation is provided in the flow charts of Figures 2%,
't pagbrand.ated bishnslhibushenanmesiateeiaiiae;sisn afypdagnodhe . -
one

B T, be 200mitted during the write process in on
" Vﬁgﬁ%%&éi%ﬁ? et Sind m?%'ﬂéﬁ%éﬂjﬁ?ga any TodidaPpisdesson

POYRE 3y 0 Ylieshenpard it adeis itentifiahiadromathsid BAHEY the
ordfield ihirepagad daiavizaancd rderin,whi are written
cotIn, Pégséliggl block. suc ltth?{%%e&(%%r%t&s%%%%%ﬁggﬁrﬁgﬁ%g|Ec1:\é'fjg
page,rc?gm eF 1S SUPSrSEis MRk By siRas Satasdhrinmacaivigser page is the
mé}é’f@ﬁ@rraeﬁe*agrawmaaue:ﬁsﬁ@s@.wem@a@mBe@r%@@mp{ﬁié%mﬂwta,
iogikha ' im@g t 1€ ical black are all utilized for page
thvsvigtbé,bf@prdlfss olgéjt?gh&e%h%%%%?g%ﬁ% vk PRIy RS
3 Wog?cé’ﬁggﬁé% IOpiIes 4 e instiesl der ReyivEDb feckrdsd geianuessad data,
sm%@@'y@wiémf@mlsﬂﬂhié@mw;nﬁfﬂé’ﬁ%&?ﬁafé@ﬁgl E&%ﬁfﬁ%ﬁé EVE P
detSals ; of the same logical blocks has béeen
° updated‘er{:isuﬁi%(?l1e@tiqr£15$§‘slI g%% ?eflao irﬁgsﬂ%?ﬁ?rﬁggg?ﬁrﬁﬁ?e,gﬁ?@aﬁt?@&
P2P_STRUCTI[5][4] has been updated three times from 4 to 5, from 5 to 6,

It shmdd distly tﬁt@ﬁpﬁr&ﬂa@b%éf\é@e?@@éém e ?ﬁ?ﬁ@gﬁoﬂﬁﬁf%gﬁrgﬁy be

| ' en incremented . rom 6 to 7 and lastly |
O A AbfoRseap s BRoBHOrdS
fea%’%aag REiFdreag@ihe *Rg@atmecuatmi nepibystigsicRRGRFe I AdnaiebR: from
the aFphgsitaldinck drasaciagtive Q&W‘Eﬁ@%ﬂe@%ﬁﬁ{cg%?g@s %@gsvb% 2n within

f the sa hysical bloc
a pi%?sguea? tglogk suéﬂ%f&t%?der pages having a common logical page number is

superseded. However, this process will incur higher latency for reads and hence is less
desirable.

The example also shows that physical pages of the mapped physical biock are all
ufllized for page writes, regardiess of whether the write is to a new or previoustly written

logical address. This resuits in better efficiency in biock usage and less copy operations
resuliing in improved performance.

Figure 15 gives an example where logical page 4 of the same iogical biock 5 has been
updated mulitipie times (e.g., three times). In this example, sub-entry P2P_STRUCT[5}4]
has been updated three times from 4 1o 8, from 5 to 8, and lastly from 6 t07. The
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5 According to an embodiment of the present invention, a secondary
wo physisadfalock can be assigned to and be associated with a lagiced: Blegke034s
The allocation of a secondary block to logical block 5 is explained using
example in Figure 16. Continuing from Figure 15, all the physical pages of
PRInE ineid bﬂmbémmcbea%u@?dmm ggoi@qciﬁgﬁe@ ?i%%@ﬁéﬁ?\;?'b 8 In
; c . =8). rovide addition sical pages for
*h‘fﬁagﬁﬁgﬁﬂggfga@%ﬁﬁéﬁa&|i‘%“%‘ﬁoé’ﬁ%&‘%&%@ﬁ%@}ﬁﬁ%&s}? BiBugsrec from
0 e H5tRERINGERASISRLIRIAS Highre 26! T hipbieictivblpdodiblesthesively

supassetiet of NikysisabnAgesdal prasised # BAUS WHisRLpshiglogical

block, with the effect that it delays and reduces page copy operations
required to move valid pages from fully programmed blocks to new erased
Acamgiagie aherdispimenteitiveaasient remettormanceoiihersysiembltck can be

asdijguted Bndhes RRIMARREE k- STRYC TRl .El&B%%R%f%étnﬁ?lngéag?% giock

to i&PFéI MAP?)E:O ir?d,icate that a secondary block is assignet
K 2O TR REATRYR SO EK TGRS 16w Freeing mosewpritause 15, all
meﬁmﬁ gm@ﬁ.%mammmg&mesﬁu@&f%iﬁ agsimwiég BRISRI_PAGE
legis GérorHISER A = T ed wit MAP=1 indicating.
;O that this SAK@?E?UCT is bgﬁt;l‘% g%@%\%%ﬁéﬁ@’é@‘%% i%%%sggﬂﬁeﬁg””g user
2Bh{E A 8lecataggnaerasdny sbyshakiiobloiskinmiesal bedk Blskesn in
Fii@@idﬁt%&aﬁﬁd@v&@ﬁ?ﬂi@ Wﬁh%i@@f@a'dﬂ%%%g%@@%gﬁﬁ% |i§s§d flar page
I ; S aval »0 a limitea number of logica
L b 18 SRR RS A T O G
OPYZHUSSIBRFERY Griiske wild STsas TVt pisgeagatwitivga d/is=htad
bloakagieatbiodkinéral lashtRb Tstana orleiaftheyhave to be

reclaimed by performing a logical copy 30operation described later.
Continuing, Figure 17 shows an example where logical pages 1 and 2 of
logical block 5 are subsequently written. The controller will first read

In EBReSERECAER] \Re SIRGY E@ﬂ%ﬁ%‘?ﬁ%ﬁfﬁ@dﬁ%qﬁgﬁqrﬁc‘?%%‘%%ﬁ“fh?ﬁ@ﬂ)

PRI GE pointer has rolled over (reaching its ‘maximum value
to hilafe Ay SorEL R Iank IFiaSR A e Reisat Biskryadkmidhmeext page

of legirabiteckalialtttemtbthearne dasotintich SAokT RMCThDayngAtSTRUCT

' ' ical blagk hich is .
3“%“%%%@?%@&%@%% OSSR R nex
S%Q&i’? fo WIRE g‘%?)FR%’HE@ﬁb%c—lé@@ﬁﬁﬁi@éiqﬁfa@%efb).sﬁeﬁ’éé‘bcﬂhMMéwaﬁng

thab loinyesoa!aieb b Gite aseipped 4e lagisatdiaak/HiBAP a5d BN G B 51RE8 indicates

thaRdated asshown in Figure 17. The sub-entry P2P_STRUCT[5][1]
associateda\t/vit ki;ﬁ&iiba fcp%tggeic}lC Efsgijpdated with (SRC_MAP, SRC PAGE) of

(2, 0), indicating that {logical block=5, logical page=1} is mapped to
Sirk@physidal-pagie:d pborsonaanTRIXSIGALPIRRKIESBGG 2 RGddARTRY: of logical
bio%cﬁﬁsfﬁ\r} Sslggclmdary blocks associated with them. The controlier can assign any
unused SA_STRUCT {which is tagged with SA_MAP=0) to a logical block. If all

SA_STRUCTSs are depleted, they have o be reclaimed by performing a logical copy
operafion described later.

Continuing, Figure 17 shows an example where logical pages 1 and 2 of logicai block 5
are subsequently written. The controlier will first read L2P_STRUCTIS], and since the
Hield PRI_MAP=2 and the corresponding PRI_PAGE pointer has rolled over {reaching its
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block 6. The sub-entry P2P_STRUCT][5][2] associated with logical page 2
is updated with ISRC_MAP, SRC. PAGE) of {2, 1), indicating that (logical
W%?Bﬂf(%é%ical page=2) is mapped to physical page 1 of secBA#&i§2006/060345
physical block (since SRC_MAP=2), which is physical block 6. The
\GE field of SA. STRUCT[O] has been incremented twice, 15from O
ma%é{f%ﬁﬁ Y 0%&‘%‘?“?8%?%6‘?% ARRIH5 R0 B g éPBEmMEN Witkarondar
blogiatés aRritteletavithelrespedtive physisabpages StorenwitiTEREIHigaheir
sAassaiated fegicakRa | ' ata. Continui o
gyre 8 sous o oo e R S e APy n e
exaETlE, 17, sev‘éuéq@fmmgﬁﬁe?ﬁ@%%eemm PaIFe S TRIBCT [Bl[gical block=6,
Physiz giageeGhittritogidathaty s bharted with d SROnMABY BRGIBAGEK 5.
of (2, 2), indicating that (logical block=5, logical page=2) is mapped to
hysical page 2 of secondary physidal block (since SRC_MAP=2), which
Pz%éﬁ@é#&% ﬁdﬁ%ﬁ%%@-aﬁﬁmﬁﬂﬁmwmsﬁ@ asbeniated with
o ASdisaing et loaleat Hadkes i e el
[ . =5 logi e=31 is mapped to {physica
iy B e eralp G FreUC p{BpHaSe o
PRYsicEh fReRRdieePiRRiY, HRysic2lto & ia feintre BRONVER-A) aoteis Ropissg al
bioth BYFpagasdemnPariterry ' itten.to. i ical
prinpniche e R el
" overhead data. %lg ' L%i’l - g TEIGFRE MRS dRetrribiscmbliouiprireage=2]
's Mogiead @Q?%ﬁ ;ﬂﬁgm“l mﬂh@wemmleﬂﬁrgwg%éﬁ@mpmz), which is
hySiSRBSHYR & { , : ;
f }rPéP qﬁTRU%PT 5] are Lﬁg—tﬁ%ﬁgﬁfmﬁg}f %ﬁﬂf Lji‘é%‘ %’ggewggtgggwlce,
o B e ARSI 1AM s R MRS D IRIRG R G ofReers ke Matitierallyser data is
wiitiegniTtie &sMWONROOTYSBAPRARSE BISK2ARA/AQRAR gMRIGH Jadicalasiddlay
padé\’%&‘é@ggé%-t%?g(réjrﬂ é\lg&%.with the associated logical page

addresses are written to the respective physical pages. It can be observed
in Figure 19 that in general for a logical block, some logical pages 5 may

Cotinmappdue pa@e@wlwmiaamlmiﬁélr@h@@ﬁo@%- t e M%gical biock 5
=1).. Qgic es ma mapped to pagesin -

T B AN Rk maiFly GHLB R\ RPALB o
pa@ég?dél%ﬁﬁé@@ By R PaVe BeSRARBGEUY-En iRl wkivdtgy that (logical
bloSRE, IMARFOAOAtSARRBRRING Sipgicaldhlgek W&ﬁ)ﬁaﬁ}%gék‘%}ﬁiock
(sir%%gﬁefﬂ{%ﬁﬁ-s.?f%it% igrlrgar an! secondary ph_ysma ocks, as 'shown

in Figure 19 The Valfg I5JiCHP BLRIOM Rt TherPHR-2BiE38 ShBWGFEEE
as@ﬁsﬁéﬁfév\ﬁﬂbtﬂqwlh okgwil hmelrasadtlnaaesmmmﬁae:%ﬁ@&ar?mﬂl@,
indleaeh : iS DEO ‘logical copy operation’. All t i .
PR R 5 2.
PagERd] PP A GF A9 PAPA STRUET b as Gefeal vorsynoptsaoins a2 o
3, drsl pesfofored eveln suhes it 1y il P8R of MARReSEPBYBIG8 hyritien to
thet}%ﬁ%’ Ek@ﬁﬁ:ﬁl%%@@along with recording their associated logical page

addresses in the overhead data.

Continuing, Figure 19 shows another example where logical pages 0-3 of logical biock 5
are subsequently written. The respective fields of tables L2B_STRUCTIE],
SA_STRUCTIO], P2P_STRUCTI5] are upaated. In particular, the SA_PAGE field has
besn incremented four times from 4 to 5, from 5 to 8, from & to 7 and finally from 7 to 8,
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After logical copy operation, the original primary and secondary physical
woblaeksytlithen be marked for erase. This is done by updating-$hec2o06/000345

PB_STAT 180 field of these physical 20blocks to OLD 196 status. In

addition, the BSTAT 80 field in the corresponding flash memory block may
whichfitiadiebe opdatedonitiitire Sagreistataioridsing examplesdrFigyiealfage
aoRBRELe @it ie RD7ONOL ?g@gf&a' 5gy8¥s9f. all valid pages from two

mapped physical blocks a newly assigned physical block (3)

25are shown. The controller reads P2P_STRUCTI5] for logical block 5
It céirobhe silsernty 0 mgz[rtgmateﬂrm@Haayfmngn%g@i&w&néfiagicai pages
- ' MAP is.nqt,Q in P2P_ STRUCT[5]), i
R B e B o et S Ay
SOMIRR TES RRESMARLY MAENSHSicaIgsads (BROIPAGE)sICE heppledieitries

havepeRhe/mseryaiadiadminedfadrsakiyaicaldlnshe PRYRICARAIRH A ries
hadls S{F%y ical 3Qblock, physical page} and records the new mapping
information. 1f ar‘entry of the original physical page is not mapped (a. g.

logical page 6), it skips the copy operation for that page. For example, as

At ShAWBdmWge:l 3i8nd Alpoical Plackvop logicay ﬂg%g&}éﬁeg\gﬁmaw and
2007/058624P %%32004/ 00345 currently mapped to {physical block=6,
Secﬁﬁgéfa/ﬁ%\%%@ﬂ? ePUSERUR AT BATRIER Thegell (eprstingapmisishthen be

copitsick=8nphysieat pagesil andkeebidingilbgical pagedpags evarteade used
; hysical hlock=6, physical . . .
LN SR IR o

Pagra AR e EAURRK: Rdieide PHBRORAMR 178 RoRIBG G JRRE i7heha
P2pragiabiiedantodbedlashyeearaty: paaesat{pRysisahblostiss whBYSieRlal the

MRALES ively, the r data can.be read out into a buffer in

P ){%e c&%ﬁﬁ%%@%ﬁ%é%%%’aﬁo%%ﬁe VﬁfPeerelg B’ngel%immed into the flash
memory page 10at (physical block=3, physical page=0}. Figure 20b shows

AfidneogusietSirastuashelorsiandiafiehdhe peicRl-eARY P PRRIN S REwill then

be %hg;kaefgefrélthé%stge |caldbloc£§ only, uses ?\neéJhys_lrcal block ﬁe.%.,%as hvsical
opposed totioe (e g2 & 6] YIHTHRIRE the SR ISTREEHEIE Rofpsdhysica

blogiseitarflisad Sfrmiatiestin addition, the BSTAT 80 field in the corresponding flash

memory block may optionally be updated with the same status.

Using examples in Figure 18 and Figure 20a, the operation of a fogical copy of all valid
pages from two mapped physical blocks (2 and 8) to a newly assigned physical block (3)
are shown. The controller reads P2F_STRUCTI5] for logical block 5 from sub-entry 0 to
7 o determine if any logical page is valid. If & sub-entry is mapped (SRC_MAP is not 0
in P2P_STRUCTIB]), it determines the physical block (primary biock if SRC_MAP=1 or
secandary block if SRC_MAP=2) and physical page (SRC_PAGE) it is mapped to. It
copies the user data from the current {physical biock, physical page} to a new {physical
piock, physical page} and records the new mapping information. f an entry of the

otiginat physical page is not mapped (e. g. logicai page 8), it skips the copy operation for
that page.

For example, as shown in Figures 19 and 20a, {logical block=5, logical page=0} is
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15physical page to write is given by the field PR PAGE in L2P_STRUCT
which is 6. After this logical copy operation, physical blocks 2 and 6 are

WK S erase, i.e. PB_STAT[2] and PB_STATI[6] are bothREEEGees/000345

from USE195 to OLD 196. Block erase may be performed in the
bac%round during times when the controller is idle. 20In this process,

CULSHIPE IBRPREG RS Y =P ABE 0 pagrt-Faesrainiphy tieabhyaiisi

Daghdse@&ﬁﬁﬂ{pﬁyk&ﬁiislmﬁﬁicb@}sﬁ%é%%%ﬂﬂ SAA3ERPEIANNIS ini
ovePRARleted, the corresponding PB_STAT 180 is changed toWéF%g}E ?‘Sﬁl.ge Olnits :
The erased block can then be reused and be allocated to any logical

block. 25There are alternative variations of logical copy operations. One
Theethediigfor ﬂa@m@@w&?rﬁ@g@o}%ﬁ ngp&}ga&gﬂgp ' the secondar
re @8&@1 %Fa\éx}rph])ésilc?l hlock, ileypasﬁges belondin tlggfhea r?hﬁa?ri? typlca)fly
_~physical block 't maﬁr? GhERanged Fidashyseperertaiarinteotasr data held
in ﬁ]ﬁﬁt%qi g ﬁg@ @iat%‘@dh@;aar%m_ -SI %mlzh%w ffliﬁesﬁ@@nﬁé’@t BeLpaKe
bl@aie SPWaseCONdARL e mapping structures, in, .
in3QRarticular, the associ ted,SA_Sgi’RU%C#a?s r%tgdplﬁgg %cr é; MYieepufier in

the logicar & ﬁbﬁgetfkﬁi HaTh dsdRiabieaferoraragste it dveritsd alsovery page
ai (peEvabdastemminysopyingyetojalid pages) is that time spent on copy

operation is reduced when the number of valid secondary pages is small,
resulting in hié;her system performance in certain host access patterns.

T

Flgiies B1S LSotRS R URELPas brfos eutdeafientlyedbigiatbebeg cameistiyns.
\BiotaisarThe, syslegalibiiek & A610ce S6AATRRAPYBBRAIONIS 88 conosed
in Fi 21b. Note that there | change to the L2P°ST 3
e by e o B B . ST aTPKo emkinpses. Stxnex
phﬁ@%‘u&ﬂsl{%‘mﬁﬂ Seieeothetvaitield RRjVeAGH ISA2PASRWOTHVSCh is 6. After
thidbgriantdigadiseiatRhy aipkieaGSToks 2N UALHGR A RIS arked for
I 0 ation. After logical copy of secondary pages, the
Pﬁ%ﬁﬁfﬁﬁéﬁ%éﬁﬁf i HEPHRRIY died YRekeinmcatdd 195 by
PRI_I\/I_AP_:Z. While it has been shown in the examples that logical copy
e O B A R L A SRt s e

In %ﬁsgk have been Vﬁntten, the controller may per such o

'Rot Al RS S BRI BiS &y PEhd ABbENthANTEses hayehesinal biock

whase SR STé Emdtenariayl LDrBdogiRe crmy QREFRGRRARSAN AL,
Hea I I a rouna auring umes
RN hF ol I ok D 13 B hihor B Thacoe e o gt o

re%%‘?ﬁrﬁ%l?ﬁv@ﬂi?@é‘%? RN fraiGpldleslses per

There are alternative variations of logical copy aperations. One method is for the
controller to copy only pages belonging to the secondary block to a new physical biock,
while pages belonging 1o the primary physical block remain unchanged. This may be
periormead if the total number of vaiid secondary pages is small. The valid secondary
pages are copied to a new secondary physica block, and the mapping structures, in
particuiar, the associated SA_STR UCT, is modified accordingly after the logical copy
operation. The advantage of this scheme over the above mentioned scheme (copying af
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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20command. In this respect, there are a number of specific conditions to
WO Qgsoi}}bug@&ed in addition to the above examples. For examplg&ggé%gg/&% 45
logical block having been allocated a primary block only, some of its
pages having been written, and some of its pages being free, and
suppose the number of free pages is less than the number of pages of
user di\ta requested to be written by one host command. In this situation,

AN BRI R TIPS SR8 RR ERe BNl AlRRaIaR FeRaB iy edanitise-
Thepsiyatany Istoatiusdlbeaate aspanadespplasicaand wetessubseauagtsel fatrie

thal®ie RageeAaE 8%&8?&%%“@‘%%%@i%a?@aﬁ%g‘%gc%‘dmon Yhere e nesths

command requesting writing ity Of pages of tser Gata.at least a

PMpBribi 6 tR e He8 BY uBeK ddtha/mmBetusiesh naamecrmvaifishipsiben by

SA ook Zandithesrernvaini o lpages, physrifaiafdhe same host 30command
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
PhygivathiesipRindnp i isoerasmafier keastopsrtiptyasivitteAfiertivgical copy of
secserehdaRyREICRIdRackiok aDatlesSRREiic GARAIR b IR RSIFBIAOHER  ed
by QW%; been allocated a primary WO

86Z24PCDSG2006/000345 block and a secondary block, the

pages of the primary block being fully written, some of the pages of the

WHSEGORESBLBIPGIhRAVING DegapiLs! Rej
By g e P ARG RO R pner

i T?%e written. Sugpqse that the number of fr '
2l Y39 885! 1B IO ABY BAGREB BaeH el Rt PD ARGl may

perben osthouraratiord: éndhigizsitnatian ke cgedrotleravilidiest wrtesaklpasiha
bloQOHIQR akthe yagrd command to the remaining free pages
, Oin_ the secondary b oit?,egéwg?rﬂgg o@fc%? coorBTys% '8%&8%}’ SR \?v{r'ffé’%)r%%ad of
ImedmaHing Piged blyiserdianasiame sanietho sectaiaadditsingstipmsastion the
cortineliseis hiaclusplternatively, the controller may perform logical copy
operation to move all valid pagées to a new primary physical block, next
write at least a portion of 10the user data of the host command to the
To BRRYS plsysicaphrstiantreriisbesteenyaonidetiesloc ke atmhthuip e rite teeer
corf@mapiing RRoesisrEdaiaof e saPs: egéaﬁewan@ﬁe R?ngﬁlaﬁ‘ed in

adc?&cor%d ry block. More generally, a host write (or read) command
r‘eaﬁe&?ﬁé PR PRGES S BHERATNIP1 S5IcRUARY HRIRbeRIaNBYge been
aliopgérdt nEhynheadmniliaymecdifitsmaphesaispeto houwadansdleme of its

pag@nBelRy bl RerUTRIhSARRTORNALS Bf_iﬂéaef%%e%%@é’?{%‘?#?ﬁ‘é dnumber of
to-physical

aIIoc%tion or logical copy operation. Logical- Ical mapping data are

PagRS BUURSH SRIB R E B ERIFR RV G THIRN fOrioR S et tRepD e il diptian, the
corgf dlastwitidnsomyrit® nspowsit off tadl tBe ARG RGIRaRIOTaHd AR,

' ' 00, SA, TABLE 102 and PB . TABLE 104, are
S o e R SR R & B B Ok e
Se?%bj@ﬁfofﬂlﬁéﬁ-dat@iﬁmaﬁ@&tfﬁg:ﬂ@ﬁi@m Weerphysishbparjesotittes pbsigigairiiing a
plubdtiok ds patained keivren ROWREIQTREAN WItRRL NN e SRNIONR written

rediscover from flash memory where the next free page
{0 e prindry Shysmgﬂ E%ck, andt 8/ remaEning pages of us%r%ata of the same host

command will be written to the secondary physical block. in effect, the pluraiity of user
data associated with one host command may be at least partiafly written to primary
physical biock, and at least partially written to the secondary physical block.

In another specific condition, consider a logical block having been allocated & primary
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25is on power-on. Likewise, if a logical block is mapped to two physical
W(?E% l; %En%associated SA_STRUCT 140 mapping structure is retained
an(? a{?l%ws the controller to identify the secondary physical bIBERE363006/600345
power-on. Figure 22 shows a flow chart describing the procedure on how
rqller reads the 30contents of the NVRAM 23 to obtain the current
b*‘?ﬁggﬁ% %%g é’%?’é{ f%?&‘al%d@@%ﬁ’%‘@éﬁiﬁ&@ fdlaekdrsingiéutp mttgndsome of
’ih?em;ﬁ;phtgztgmm@mmm@mw}%@a@lmgﬁsﬁ@dﬁp@iﬁ@gé@ Being free
to logiRaitic 838 Next the controller reads t _
k2P ETR cﬁﬁm gfﬂ%{r\igg?? ﬁybtg%gﬁa&%% i%t.mﬁhsee%%?] F&%é’?‘iﬁ%‘éél@% than
“the PRI’ MABHE §'dt e fAssrsRied fpisraitiembicatestrattrenagioan this
Sltbﬂjzﬂré?'lﬁqmmﬂa@twd‘{mfﬂm IO ARHOBBEARCT HE008B00I4R s
ofaldler § command, this indicates that no data is
S found, as fﬁ@ﬁ%ﬁ@g@éﬁ%ﬁ [S%Ff Sﬁ%dgfp{é]l%&qf@re&]l@g‘@l ROPY
OPSIBLULRG WikFI{E B IRIING RRESSOVtsHetmastiahecatmah@raaRmand to the
paghysichkhieckitiotheAngisali Rck AsSRRNL | he.al d ;
ooy L%'g%«f : gk i UL el'ré@g; SRIPEBE operation
5(PB_STAT[ %_ SAFAE T RVERS! BleRu et BNipigtisEmizagrtion of
theieiRiaMibe DostiRammgntide the figieal ingkiia rBRRREENA ABHARGR
sephysieablleickamRhJRhY isAnitiali located erased
itdHhE }%Hﬂ{%%%é%%b‘? ﬂ%ﬁ%@i&aﬁ& same host

I ysica

ical block P, which is called the pr
cofysigal e i _
PRI_@% eﬁwm\gﬁiesc?%@ HPSt step L8, all sub-entries of
P2P_STRUCTILBN] are initialized to O indicating that none of the logical

Mdvagesdsaifa i e, Next, step 12 js repeated to
e Lo S s FACROnE, allsiR rpoRSEes ey
M appad ML DR RS RIRS- Db Pranpier, AnS B teBicHiERRI SMARC
boineia- teeciahieatientutilipechecksstharabin el SRR MAR B, LRIL is
au@gﬁggnt&qgi&%{mﬁé‘fq?g&%ﬁbtaln|ng the current mapping state’of a

logical block is do AP is 2, then the logical block has an
associated secondary block. At step L10, the controller searches for the

Logine! tmpripyisidhienSehohRik thatde_sspeied it Iﬂ@ﬁ@\'\f@? kol a':clartThe

riions of the
until the one

| is.hy checking the entries in the SA_TAB
O L R R R o LB RSP RS eren NVAAM

23 SRy BoREEiIS AR bARkE MR SAgTAR LBtk BAY PRIIRGaSe! &) Mitersakned. In
paﬁh%ﬂé&r@b@mr@géﬂ@@ngﬁ%g I olnd entry. Atstep L11,
thet%)ﬁ\jl’%té%éefsreafs the :ﬁt&Of the fiﬁm;s@)%lrh%%%n%eeﬁ?@?ﬁ/?{?éﬁra%ta Indicating
“SA MAP "SI AR CSA s poyiinakbinekdnrataitecthatvesnpans eot arfid on,
Witk frodediiive, consrodatriollesdim aiitained taencuB e AR &S AlS Gl ee page
is dggﬁﬂ%ﬁfﬁh@%@ﬁ’ém@g eRRlEhR L 1B %5%83 tlglm'\g%ﬁifsﬁc% 'bFl)oAc\Esl,E’the
associate A‘_é‘\' RUCT 140 mapping structure is retained and allows the controller to

identify the secondary physical blocks on power-on.

Figure 22 shows a flow chart describing the prosedurs on how the controller reads the
contents of the NVRAM 23 to obtain the current mapping state of a logical biock. On
receiving a read or write command from the host, the controlier translates the logical
address received to a logical block address LBN at step L1. Next the controlier reads the
L2P_STRUCTILBN] addressad by LBN at step L2. The controlier checks the PRI_MAP
field at step L3. If PRI_MAP is Q, it indicates that the logical biock is not mapped. If the
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SA _MAP, SA PAGE, SA PHY BLK and SA_LGC_BLK. The controller

WO%@@]%}%@ Qroceed with performing logical page writes and reg 5
logica Izock 30 There may be times when a host command g&&%‘s e

starting logical address and a (consecutively addressed) pIurallty of pages

cof SRR dhRL CLaSRES PG é?#fﬁ}én%()%s Oﬁ«?‘g%@iﬁ%ﬁ@ﬁ%h ﬁgﬁ as.shown

i bloc |s 8KB containing gicdl ages
pecifyiighe Sawinirad diee sentiziek s amasgag@wtamﬂmand
thajmamnbcmss:mmsﬂeme@rye&rpﬁy§.§autmaaatdwﬁe%@t@lIsrcm@@g%ﬁaﬁm in

R b angoss

(PRgidaibiel 5&&1@&@%@%@ LﬁPm&TW@L@rﬁmeﬁmm-bmmm dVIAP=1

dddltingve:a slarineAtmess oh AasKB vt Lser
:thta?zizg(io th§ fg and%v?lii have aﬂ%ﬁi&%ﬁéé&gg %](E:)szsK wT% %deLK 18

rerAamin S TERPURRY ST Hapdonihisnde caleddhadiimary physical
bi@épéi’dfté’l‘?‘oﬁé@ﬁ@ bnitiesd o Subles siteations fati eabheatiesemmand,

pzﬂneamm@dmﬁfawﬁm%@u@ﬁgwﬁ&%éﬁ %v&%gﬂgovlé%’cvﬁs%%ﬁsc %ﬁgs B

morigh% [Wes or reads.  Figure 23 shows a art
E\RPEr?@%%r&WFeﬁE@rée%quﬁmyvdﬁf@ééhﬁage LPN.
L%h&‘r@beé"@uﬁel IsAaniyecwgruiasiaitarsherprocetyseintippee 2Rhashagfave a
noBXecHteg fq e controller to obtain the current mapping state of logical
block LBN. At step W1, the controller obtains a logical page number LPN.
Next, the controller 15 checks PRI_MAP at step W2. If PRI_MAP is 1 or

Atﬁt?l;ﬂl%l PG BVpanitendipsdat ﬂ@ﬁl@tﬂﬁﬁd%%émé'fﬂ?\é’%ﬁ}@eﬁoﬁﬁ@@*ﬂl?ﬁ%!b field.

efr sical pa e associated prima ysical b
e e
is gaop. HiRRLBYAP 48 BHbemtire segieal/ BicThéahysieabpaigetsdhenodery block. At
stgpointediie @hﬂ‘tﬁlé}f HBaRHB39S! %@%é%ﬁﬂgp MRE G S{IRQLW%@% associated
Wil ntnoII k% the P2P__ STRUCTI[L (%‘LpN] the su -entry

R PR T INGcInt SRP 100 SHEGAES B PP SN e FrATABLE
und Fh%lm@mg:mgn@icami@marmwmakmgatmm@me\dmwmjrﬁaesys the entry

 thR e Rek Wi oRE e Edie g updalgd 10 F\%@% eﬁH?E:‘R&%? &Rl ecords
step

h ber of the’ paé;e to be written. Next, at st e prim
%58’%8 er AR EPHBE SRRkl 1P I phgsreatipigereads the Yest o the
fie{dPR It lirP RINBAGE B s RBthes avnitimppvithusendatakalang
sAvVit theglogical page number recorded in the overhead data. If on the
other hand, at step W2, the PRI_MAP is 2 and the PRI_PAGE pointer has
reached its maximum value (roII over condition, i.e., no more free physical

Atma@esdmtms%ﬁmb@t,ad@?ﬁw& @hMg@abhil]s?@@ ttlkg%&fi@é@A aﬁga:%Bstate of
e.ln SiCca 0C

o B P e e e Ml AV BLE, S
S%MPFPA@E_;E’&@& S&tﬂ@ﬁwsmaecbamumwdm@Mntmner can then

BARASTRYEHLR t l.plock
prLBN and Ioléglcal pg{gﬁ;&ﬁ Brig?lgﬁﬁggéfﬁ%gréﬁsgﬁg g%?ng that

the logical page is mapped to a
There may be times when a host command specifies a starting logical address and a

(consecutively addressed) pluraiity of pages of data that crosses logical block boundary.
As an exampie, if a logical block is 128KE 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 coniroiler breaks the host command into
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WO 2007/058624PCTISG2006/000345 secondary physical block, and the
WG%I?%P@GE field is updated to indicate the physical page number of the

bA08 ¥ B written. Next, at step W9, the secondary page poififdi162006/000345

incremented. At step W6, the physical page({SA_PHY_BLK, SA_PAGE})

i j i r.data, along with the logical page number recorded
e Sierhea A Sy S e WS Rdg oo
SO RROGUBRRY - pRdPifsATRIeh Heglichstiad mmaR RIISERS € RAGACaldress of
1zmaysmaenm@m@w%ﬁg?&m&ﬁ@%@ewm.ﬂL!ma@&g{%ﬁ%%aeé%ostmg

ed in.Figures 2%, 26b and 26¢c. However, 1t is esira
o o b RS e s 6 R ebmeincavy eommanc o
exgspisdsrRUETY 60wl Crepieseit tatemeysting i ostedeadonRenarali. the
profeinesisesipsdad o1y Migeeggem#gg)]lglg%%%s%ier command. In this
aadre

reag@se, the controller will translate the logica ?ﬁ?o%mﬁlbeféa %%%ites or
pages to be read or written. The procedure shown in Figure 23 applies to
writing one logical page. If multiple 15logical pages belonging to logical
FighteckslBDare IR Re- Nt Ik cedure of Figure 23 js executed
w @fi@ai%tiel for each of the_lo%@ﬁ%]&?ﬁ%%rgrﬁf %ﬁSW&%rF&W}%FtPSﬁWS
ISR ﬂ'é%@aﬁ%éé’ah@ww%@ E®Atllexqsetistafterahdipg oidagical

Figpesy@2 i BBhis srecsduriedsheniyiaaierRiar the pracsd H{%JBmg state of
iog%g!:%g}@@@,\pas been executed for the controller to obtain the current

mapping state of . logical block LE3N. At step R1, the controller obtains a

logical page number LPN to be read. Next, the controller reads
At PAPWATRYE GBI LBNH® OB RS R gRd AG -
en R0 34202 The cppi ||%h%c@%§§&%%'§%§ﬁ% Sy

If it is 0,1t indiCa eeinat e &%%é@é R ot Ridlppé@Ererinsay desisot
reahERdta STV aep (Re! arstere RE| ih 6B Geblpidrd dhgdhethe
asspbYSRabRAGR/IHBRRPBAING (0Jo0icsl PN.is in the primary physical

i block. S!:e %%?ng%%ws thatét‘ﬂé%}gmar gﬁ%é_gl%ﬁbgﬁ Fg é“i@;ﬁ{% ﬁ)a & in the

P W_%W_ e i 5 PRI TSRV BiRG Bage is the
ona\Rsynited tndty RiE, S0t coageobeinterBthe Ace! AptadEam(RRYiSAlBIREK,
UpdYSifR) nggh@h@&&%ﬁm:%the sub-entry addressed by the logical block

LBN and logical page LPN. The SRC_MAP is marked as 1 indicating that the logical

page is mapped io a primary physical biock. The SRC_PAGE field is updated to indicate
the physical page number of the page to be written. Next, at step WE, the primary page
pointer is incremanted. At step W8, the physical page ({(PRI_PHY_BLK, PRI_PAGE)D s

then written with user data, along with the logicat page number recorded in the overhead
data.

I on the other hand, at step W2, the PRI_MAP is 2 and the PRI_PAGE pointer has
reached its maximum vaiue (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_STRUCTILBNILPN], the sub-entry addressed by the logical block LBN and logicai
page LPN. The SRC_MAP is marked as 2 indicating that the logical page is mapped o a
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and SRC_PAGE}. (fan the other hand, at step R5, the SRC_MAP is 2,
wo Hhendhgnhysical page corresponding to logical page LPN isga-tR@006/000345
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
sec@RAYRPAGEaNeatkahatethRIRDereanH aber reagdadhnivsardiain MQhysical

/ fro hysigal block, physical page} of .
PR R B S . e S b e
InCreRepidt et oS SR ami T RresiBAnP b cRIEd, ShadgiddhBlbiskhasnwritten
withAtsstem i, dhengantrolier iISglestpais Uiksad SARIERHGTe Blemonediat
has SA_MAP=0. At step 32, an erased physical block P is found from a
pool of such erased physical blocks, and its corresponding status
(Striply SEAKTD] RaRAME-IVS VA s p33ntite satbutedh Suk IS TRUOTstxjuent read,

anyipitiligee furh S0 u MAE B4 r2RAnBARE dSHBiHalzesh iPi0s g%?régﬁ?erqdmg

ovedias g hysical block.P is recorded in the SA PHY_BLKield, and _
logical Biock L (50dR TIAEF AV S Fesc2ts: KARRYRS Eov RS pripoTe

to hgvie SR IYRBETMVIB|iskes thdggicalsklotkeLdBNstrinsity; drroP RETHAE TN wil
repr@bbiRateddydmElLRNIS dpdated to 2 to indicate that the logical block is

now mapped to two physical blocks, a primary physical block and a
secondary physical block There are alternative means of obtaining new

Gererade, iy sivst| ddotks ancbatbskingdlooksaiibionarRsLse-aRAhE08) MSINE case,

i T ical block 50 of.flash memory 5 ma

e e e e e B R O RPl RSl e o

writigRo B ACaRHIR SoRUReR Fieward mylies 15 wiing afledeging phgsidhmuliple

iagimophmbbm@ﬁgrmfbmwgt@m}m wme%ﬁt@ﬁ%@aﬁ&eaﬂm%ure
for.er e.can rform alternative means aside from updating

28 z%h%%%ﬁ%%%ﬁ?%%ﬁ% ﬁ\aﬁqeo?oﬁ%gﬁ%'% Béfiment, the page lookup table
P2P_TABLE106 is stored in volatile RAM whose content is lost on

FigineveersAbwB UaTdR EpRe QREERHRRSIN Br%%wm%%t@&ﬁﬁmgip@mrms

oa ﬁﬂés%%é‘%a e maq_%g%@ known, and if it is lost, can be retrieved from
as metory, ARy 2P | SPRIE1ED B LAt gREABRsER S Ngeprocedure in
Figyee cnaleted asimyithd REterentiroigningtstitetiof theraginaldypgkstien:
logicareasRENding NVRAM structure), and the order in which pages are
written within the primary physical block, or the primary and secondary
physical blocks. For a memory system with physical blocks each having N

At g€, the um?rdgobn‘am@grmmmir@@emMK?% mkﬁi@@ﬁ@ﬂm,&%
oo M A 0 e OB e e
FGlietep R2. The controller chacks the SRC_MARP fieid in step R3. fitis Q, it
indicates that the logical page is not mapped and no data is found as shown in step R4.
Atstep RS, if SRC_MAP is 1, then the physicai page corresponding to logical page LPN
Is in the primary physical black. Step R6 shows that the primary physical block is given
by PRI_PHY_BLK, and the primary page is as recorded in SRC_PAGE. Next, at step R7,
the controlier reads the user data from {physical block, physical page} of {PRI_PHY_BLK
and SRC_PAGE]. If on the other hand, at step RS, the SRC_MAP is 2, then the physical
page corresponding to logical page LPN is in the secondary physicai biock. Step R8
shows that the secondary physical block is given by SA_PHY_BLK, and the secondary

_page is as recorded in SBRC_PAGE. Next, at step R7, the controller reads the user data
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PFII_PHY_BLK. If (PRI_MAP=2), the time order of writing pages, from
wOeaﬂrtl]i,(y-:-/ 'gstime to latest time, is from physical page 0 to physical page (N-1)
of priman? physical block WO 2007/058624PCT/SG2006/000BEESG2006/000345

PRI_PHY_BLK, followed by from physical page 0 to physical page (N-1)

f ysical block SA P . _Each P2P_STRUCT 160 of
fm@ @gﬁ:%%%?ﬁieg’aﬁﬁ!%ﬁ)o?%?f&ét%%&n@ oTiNard BGTaer reading of

the overhead data of physical pages according to the time order of writing.

Figlreaioness i@mﬁ@ﬁa&%&&i%@eﬁn%%n%é@ﬁé“?oﬁﬁﬁ?%ﬁﬁl”& Qtsgl%%gary

t I, th rqller has translated the logica ress receive
Slo el ) b RN 5197 (i th, COBH oM (RISGin LTSI oEUCT,
2. oP® K BRINSoBlaivEP o tistepBEe spobisgdishasstHIeluEaSilaM RANom a
AstglioHegd8kHi 1 ver  f I eration, the steps 9,
e Lignils e R RSP At
g eégl‘lﬁ o‘?‘?@r%?ﬁ@,sﬂ%‘%@& A\ SR AP nite iredp rocb b dtodh_MAP=1,
SAcRAf leisrinitabzed\tostehEoifa MAELiS Shaikatadpf il I8 Z8IRdtn the
saingigat | BN i t mapped as indicated at step T4.
. A:—LS If 5%§h%@c%§%w§l§§%(€&?gﬂ in i@aﬁ%@%ﬂgﬁ“?etm&g?&l%ﬁ%@e‘d to
AR aPRRt B e D RIchibiokrd srirneipa ol BloRpate th dRRSIPSP field
of @m@m?ﬁﬁmmrﬂﬁm@@t&]ﬂiféﬁﬁﬁégi@{%égﬁteéﬁe REFELIBALR B'ABIP Aloped to
ri age j is.initialized to O to point to the firs
Mﬁcﬁ%&meﬁ%éggﬁaﬁ %'t‘ys%@ ﬁ‘ﬁfr?é‘gxﬁe?ﬁﬁ%déé)fa%ﬁﬁ@’ blgck
physical page numbered page_i of the primary physical block

ThefRRireRitYIBlive) iR TdRHARY KL %%;ﬁ;ﬁé&ggl %\Sc%ear?%%lﬁrgiﬂg )t(niocks

[ th . At 122, ifth h tten,
o o5 L AP N e 7% B Bomigieap g
mem%@?%iﬂﬁ%gwimualm&md ‘&%s}ggﬁﬁz%gqﬁﬁimspea, the
teGslk ' ; 0. , y | e
Z:r?ﬂs I’(’Iﬁ Wriig’],l 5th%%%§%§g gr? S, &ﬁ\r%:éegs%ﬁggaﬁ%fmgp%%sécﬁzﬁ%l%%%ﬁé‘ be

ree quets the SeYu o e PR Arlsages Rlagkifion osl isselbetperiormed

ree

by alesnaivionspage sideintrerpudeddanors to M pepipage. At step T25,
page_iis checked to determine if it has reached its limit. If not, the
e-assembly process is repeated for the next sequential page and

In 15 Preg 9 SRR BRHL DR PROS ke datisr R ABAESRD IS Arpdge vbiatie
RANastrese heutést 3 mevdm pewimii Feibing Fe-asSerl R QPSS ARISTRE s
écgﬂé%]'%%éeﬁcsﬁ%}%&eﬂ%%g r(?ri\é(erh[gad cLata of programmed physical pages o

BRI PHY BUR Ravepesh PRIOG is known,'an it it is lost, can be retrieved from
flash memory. Any P2P_STRUCT 160 of a iogical block can be re-constructed using the
current mapping state of the logical biock (from corresponding NVRAM structure), and
the order in which pages are written within the primary physical block, or the primary and
secondary physical blocks. For a memory system with physical blocks each having N

pages, the time order of programming in a logical block is as follows:

¢ [f (PRI_MAP=1), the time order of writing pages, from eariiest time to latest time,

s from physical page 0 to physical page (N-1) of primary physicat 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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If PRI_MAP is 2, as in step 17, it indicates that the logical block LBN is
ap two physical blocks, a primary physical block, an
wo giyéﬁ’)c%% Hock Continuing, WO 2007/058624PCT/SG2006/%835%?%%45
PRI_MAP equals 2, the re-assembly is performed first for the primary
physigal bloekdFiguee.aal), 2ad hen ol PR REEINC RICAHP!
Figure 26¢ is similar tg Fi ur% 26b,%>i%%%ﬁ%%¥e%%%%ﬁof ﬁ%%@fﬁd%ﬁy
phy SREGBIgEK REXsipAlRogl fAisTERG BHtep 131 (instead of
PRI_PHY_BL( at step T21), and when updating the 5P2P_STRUCT at
Eacie 33 1eRE ' instead of 1 at step. T23). At.the end of
the reéfonstructﬁ%@héz g’?é%%%{?% acnc?tr)l Aine Sﬁ'b%?r%él% rRINgR o
ordpsfeginm &t PYTieed deia li @ vdies tradsattudngtsn fonadotical
writhack tdBiot 85Ok adegieatblopigmannRed tengeragore physical blocks,
each physical block having a plurality of physical pages, there may be one

or more programmed physical pages of the mapped physical block(s)
Stafiniry Blesrmmen gleal PadeentenbrotidridSRamelated dubifotfimil address

recaNeEnRam dashloth sTiaskidhrdisehniang of LeeoRstMEtion Ok Bmanping state of
F2P T.RU%CT 16&?%\,\“” allow the controller to |dent|f%1, among th(gong dr

LB S QR S 100 S RGRRP IoHRG SRt BIRUaBRES 31 NG sy Srtall prhigeFigure

more
22.thiaweyatalios iegidneseiictatae whelesddtadnl &, ledstoaeintysieabpage! ofince

aﬂd&ﬁiﬁ@%%@%ﬁ@ﬁw FE@&':%QJ?% Blﬁ%ll‘e\%%n‘%‘ggﬁ%%’é‘g.?ﬁﬁ EENGRRS o

effectively Superseded. While only a si e invention
the IR | QLT eS| ABSTRE DB Vehasheirednassie iesr, T
inditesctie thistheyicaidninr. B Baiiveddnpieannended slaims Thvo
alternative embodiments of the invention will now be described, by way of
example. Firstly, while in the embodiment described above, each logical
It Phlb AR5 bEE Mt I8 cihtedisateetite iohydngitaibisic, (B $e mapped to one

physlkearettice @mbdipeyiad tedryeatan ay:besiormea inabishs thistdsnel,

. .In this casge, no logical block ever becomes associated with a
e TR R R BT P RPEAED. AR baRe Rlkglz=0 t

0 ‘f@wrﬁ.wlﬁ%@ﬁm’f Sltegrrativecndgsdivien: biestzmIRlerad asesipavhdiem tof the

_ phybe 2 Haes Meildra P ARSGH ALINME AN RFLAP BRI NYmPes 9k is read.

Thg écm%%ll:%%cé‘-lgips reading the user data portion of the page. At step T22, if the page
has been written, (LPM== hex 00), sub-entry P2P_STRUCTLENJLPN] {corresponding
to logical page LPN) is updated with SRC_MAP equals 1 and SRC_PAGE equals the
current physical page number, as shown in step T23, Al T22, if the page has not writien,
the process ends, since subsequent pages will also be free dus to the sequential order
in which pages within a block is selected. At step T24, page_l is incremented to point to
the next page. At step T25, page_{ is checked to determine i it has reached its fimit. §
not, the re-assembly process is repeated for the next sequential page and
P2P_STRUCTILBN][LPN] is updated accordingly. If at step T25, page_i has reached its
maximum limit, then the re~-assembly process ends. The imit 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 77, it indicates that the logical block LBN is mapped o two
physical biocks, & primary physical block, and a secondary physicat block. Continuing,
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30elements is zero. From an alternative point of view, in tr_u_a first _
alternative embodiment the flow diagrams above are modified as follows:

W?ﬁﬁ%’/ﬁﬁ‘ﬁfe 22, elements L9 to L11 are deleted. That is, if th&@CT/8G2066/000345

determination at step L3 is negative, then the method terminates. (b) In

' W2 and W7 to W9 are omitted. WO
fo@)%f%‘éé%%ﬁ%ﬁs@é@@%%@% (epRITPIgIAe s EiefieREmary Bi/aital block
(5

Rignitec2Btyyi gortizhitohmieniployiedrin 186, fitst altgroal Mehkitar to

< i ' ts include variations of the NVRAM .
B A AT eI PR eI 8L s rezcl

AL BRI TR E‘ikilﬁar’d\?n% &t et Tadjecane witernagiletimpses of
PEST MBS o stepliTa SACEAVRANLSISHES, #p d:altern %%\;?%3

organizations of the mapping structures, to essentially indicaté’i
block is unmapped, mapped to one physical block or mapped to two

Yl canatusiies pthedRRP SIS Thetieating IaIRS @S mation that
reflbymicsb p&m@-m@%m@wsg&@yﬁ%%%ﬁ)g@% e S Mock BN,

logical page of associated logical block_. -
2007/058624PCT/SG2006/000345 Claims 1.A memory system having: a

FeiohYaReiiebiinanace temeryrforstosingiuarsidaka, MR AMMRENIRCK having a
pIMGIAPLY physical pages, there may be ane or more programmed physical pages of the
mapped physical block{s) having a common logical page numbser LPN 82 (recorded in
their overhead data). in effect, the technique of reconstruction of a P2P_STRUGT 160
will allow the controller to identify, among the one or more physical pages having a
common LPN 82, the one physical page that contains vaiid user data, while data in at

least one physical page of the physical block mapped to a logical biock having a
commen LPN 82 is effactively superseded.

ical

While oniy a single embodiment of the invention has been described in detail above,
many variations are possible within the scope of the invention, as defined by the

appended claims. Two alternative embodiments of the invention will now be described,
by way of example.

Firstly, while in the embodiment described above, sach logical biock may become
associated with two physical blocks, a #irst alternative embodiment of the invention may
be formed in which this is not the case. In this case, no togical block sver 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 foliows:

(a) In Figure 22, elements L9 to L11 ars deleted. That ig, if the determination at step L3
is negative, then the method terminates,

(b) In Figure 23, steps W2 and W7 1o WS are omitted.
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5 having a plurality of physical blocks, each physical block being

WO%%%EF%%WO a plurality of physical pages, each physical blg,%%? /000345
erasable as a unit and each physical page being writable and readable as

a unit, a mapping data memory arranged to store: (i) first mapping

(c) gggdng%ﬂr%gghg?ﬁ%ﬁ%éﬁggﬂmﬂ.Iogical blocks, a 10mapping

etween each logica a corresponding first one of said physical

FigbiscRa s not gryfershithtiedicsh Hiserativreapbesiasinst page pointer for

indicating a page of the corresponding first physical block, and (i)
secand mapping data indicating for each.logical e.qf h logical .
S AR oSS B e % Y FaE SRy Al Bt e whle

stilbwigsing &a inowdpeetiantistanyitappagiawbis Repareniinaritiose silled in the
art RMABLLORIHIShABNIESHD ASHOHRARMIER OREIiRRIth relaian-enany

logical pa f any of said logical blocks, said write operation in relatiopn to
St SR ORI BYG B RIETG Hhe SHa T 5Py (A hel o
indfirgteph gaopiialblonk idemihrapeky sicalgratie ohthetysicatpeing fiegped to two
phR SISOk corfpERERG ABiRoLhcIdaMHIgh RS ERLRRRIcal pdd of the

updating the second mapping data to indicate the identified physmal,pa%e
MARPRTPHMYSRIA DGR 1RRIERTIEA0 A RYBRERb PSS GV RFRRIGRET fagjerl Dlock.

was last written; and 25(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. 30 3.A memory system having: WO

2007/058624PCT/SG2006/000345
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a non-volatile solid-state memory for storing user data, the non-volatile  MCSLLP
aving a plurality of physical blocks, each physical block bein
WGQ@%@% '?in-to a plurality of physical pages, each physical b|88ﬂ§é%%‘a)
erasable as a unit and each physical page being writable and readable as
Claftridnit, 5a mapping data memory arranged to store: (i) first
mapping data indicating, for each of a plurality of logical blocks, a
mapping between each logical block and a corresponding first one of said
1 phy?ﬂ!‘?ﬂ%m%}(? ge'for each logical block, a respective first page

pointer tor mdm%st;[ﬁg z}iar‘i’é of 10the corresponding first physical block,

andg no%@ﬂ@%iﬁ?%@lﬁ{eﬁ{éﬁpﬂﬁds{&%gfc%ﬁﬁawi% 2 Obgral '?U“fg memory

h‘,:wr].elatioril to any Jogical page of any of said 0ocKs, said wri

SEErRIS IR ST 6 HRF v aRI6 flosFisak 8lasbeing raesieassioo a pluraliiy
o Raysirsihgrtresrespbativeitissbpage piaiteriaistenifi ammical Page oLihe age
bai g@mg%i@gafgﬁlgggs‘;ﬁtblock, (b) writing user data to the

identified physical page, ) writing in said identified physical page

identity afatmdngicatingridie idemiy-obthegiven logical page; and

(d) updating the pointer according to a predefined sequence; 20whereby

the (isBisti snarmintidertityldatingy fittepeichssid islentified: Rbysisainage -
maBHiREISeRRaR . identity ' ical page of the .
bk)g(%lsr‘rgesponding fﬁif%ﬁ.ﬁ%cg{dgﬂ%ﬁ?p%ecv%us oégé}s?rg%ig e?& F\)}\%%?ﬁ‘?é Ic‘%%sé?al

page. 4. A memory system according to claim 1, claim 2 or claim 3 in

whigk 3 ion of said mapping. data memory is stored in a -

and e O R e A wPoBteg i rpege o
he RpitgsReIeing frporhivvicet Biarkmapping data memory is stored in a

non(i{vi Igaet[igle random.access memory. 6. A memory system according to

any ‘preceding QaRm1H GRfchdtaEastanRatbiraishraesaising dagical block,
the pierpiony pagAthinirsaid mesporalail 6 solichgiaiel HEBIAE whiBhABE MO pect of
thaSikekesn @g@g@ggatgt Wé}(eaﬁ%dmg claim wherein the mapping data

memory is arranged to store: a table having a plurality of entries,

wherenzeach emtoislutangd aldersable Myan assorAed Wil & any
oglOBEALD 0 B RS T B 00 St o B Y 30 Sy e
logical page including the steps of:

/600345

(a) using the respective first page pointer to identify a physical page of the
corresponding first physicai biock,

(b} writing data to the identified physical page,

(¢) 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 peinter 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 indlicating the identity of the given logical page.

3. A memory system having:
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8. A memory system according to any preceding claim wherein the MCSLLP

ing.data memory is arranged to store: a table havin B
ng@?a%%/%$ entries, wherein each entry is uniquely addressabfe AQp/o00345

associated with a logical block, and wherein each entry has a field for
regigtering said 10cqrresponding first physical block. 9..A memory system
aceari A (iFiR epunc: BATEIRIHPSF Wi e SR HBE R PO

. Ing 1o Claim 8
naviieeshi ditYos afe peatiolesiol asihglbfisttaliek dOnA arnemioey Systemiuraiity

of rgeralingdas claien Brwhen; deRansiant Ar-claim gsvﬁi\%iﬁli.ggwgggﬁ%%l%ﬁ%age

olatile random access memory. memory ‘syste

peifiClp e lony -

aeCoraing 0 LSRG Wi in which each said entry further includes
a firgt tag fer.indicatin [ the corresponding logical block is
associat%él v%/;ith a ?ﬁst%%s%ggrﬁ%%ﬁ? féoﬁp memory system having: a first

nonm@ﬂ;&tﬂ@d@@iﬂi@&d@ﬁrﬁi@ﬁﬂ@%‘%{ dafaothedinsLing %?‘18@&%? JRemoLy
[

havi lurality of physi locks, each ph | block b
e 2 Pl By Lt BAGeS R EASoE g o

blogtaisable as a unit and each physical page being writable and readable as
a unit, a second memory, the second memory being organized into a
plurdit PRSI BipRks Darmgaaidoin nagrasinler Eadhdspinbeingge of
thewritasieoadidg dectabiesaziclanit, thei25second memory being arranged to
store data mapping logical addresses to corresponding physical blocks; a
merAdPBEMtrsHErdiaatadorriSmretsen datetmn gedficst inosixbdatiteany

logmRmely oM did logRlaliat s Peslien RGeS ERAN TAIOR O Liven
logi’ggﬂyom'l&u t Ie%ft a ortlc%n of the mapping data being stored in sdli
non-

Voratig e ?/.St B° memory system according to claim 12, the

Sec?ﬂ%gﬂ?ﬂﬂéyr&ﬁjggti%rﬁ@%gég B 1o identify a physical page of the

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

(c) writing in said identified physical page identity data indicating the identity of
the given logical page; and ' '

(d) updating the pointer according to a predefined sequence;

whereby the user data and identity data written o said identified physical page
supersede any user data and identity data in a physical page of the corresponding first
physical biock previously associated with the iogical page.

4, A memory system according to claim 1, claim 2 or claim 3 in which at jeast a

portion of said mapping data memory is stored in a random access memory,

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

8. A memary system according to any preceding claim in which at least a portion of
said mapping data memory is within said non-volatile solid state mermory.
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5a first plurality of entries, wherein each entry is uniquely addressable by
and associated with a logical address, and wherein each entry has a field
for registering a corresponding first physical block. 14. A memory systemy sy | p
according to claim 13, the second memory being arranged to store 10a
second plurality of entries, wherein each entry is uniquely addressable by
and associated with a logical address, and wherein each entry has a field
7. for rBgRIBINY B TiSFTeapiding tpagy prsiptenasRIN WG HinicarpaLe dpta
megQffespongingditstgabiysical block. 15. A memory system according to
claim 14, wherein said page pointer identifies a 15physical page of the
corredpblediagifigs: physltabbridkes, bésreinaraah eripoissatoualihedtressable by

andPSEIEHRG B8 3SHENRE I UIeHJAIM AR LS BPERRY MR LI NGHR tBEistering said
corre,spondlng logical address. 16. A memory system according to claim

PagEPHNErein said page pointer is incrementable to identify the next

5. Physicalpage é%fsﬁ’%ﬁn%&S?cHRé‘E’J%FE:?%BQ%?%?%H?JR%Q&Q%%E%%&%‘data

response to a subsequent usér data page write operation relating
MegeRre EpBane§Idgiei Sddress. 17. A memory system according to claim

12, th cond memory heing arranged to store; a table comprising a
oA B R R O < R U A Ssable by
an@ gaswogiatedilvienieopsiay Sieak binskwhansireesah et hanafiaddordsgistering said

coSaR SiRfuRPhaySeRaatkr associated physical block of first non-volatile
memory. 18. A memory system according to claim 17, wherein the said

g. stat%dﬁmasiaaahfaucmt@to&fﬂm Stateemdigaitnig therpkiysicaMnecknsaid
pa&é%?rqé}%g @gi&q{e%@ﬁ?é'geﬂ%ﬁs of a single first table.

10. A memory system according to claim 9 when dependent on claim 5 wherein the

first table is stored in the non-volatile random access memory.

11. A memory system according to claim 9 or claim 10 in which each said entry further
includes a first tag for indicating whether the corresponding logical block is associated with
a first physical block.,

12. A memory system having:

a first non-volatile memory for storing user data, the first non-volatile memory
having a plurality of physical blocks, 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,

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 addresses to corresponding
physical biocks;

a memory controller arranged to store user data in said first non-volatile memory;
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MCSLI..p a second state indicating the physical block is currently

being mapped to a logical address and used for storing user data, a

third state indicating the physical block is ready for erasure, and a fourth

state indicating the physical block is not fit for read or write. 519.A memd\ﬁ}&?SLLF3
system according to claim 18, a memory controller arranged to write

pages of said physical blocks of first non-volatile memory for storing user

dateBlaPRhe RSTEIR AhieR FERMTRCE! PREIe DTSRI AtMastorgtion of the

maupPl whtichdhg efasedhincks ane fiagdonathoeation, the steps of updating
an entry of said fourth table in second non-volatile memory of an

13.assdciatetiophysidairbiscky doinsl wthing 1 #direfetetdieeser brthgtatanged to

stowdhen said physical block is allocated for writing data, from second state to
third state when said physical block is de-allocated for writing data, from
thirdadfiateplorfinis statetvdse wisaiciphysicahinloskuhasdgandmaseadie byfapm

ass%a/a%gt\%im 5‘18&%@6‘8%’&9 N UJHQI’QEF\ %@ﬁ%tﬁ‘ﬁa@@ﬁ&?&'f@ﬂ%éismnng a

returns an error-15condition. 20.A memory system having: a
corFRiRRRtAd SRSt Rthory for storing user data, the non-volatile

memory having a plurality qf sical bjacks, each physical block bein
1’ﬁ"orgrz:l}ﬁi@(é?a1 Pnrtyo%sﬁ @?a?i%ff%ﬁ '[r)ﬁysfa Hr13’1a4g%t=}sh,1 %5’8 Opﬂgyé%%%%c?('%?ﬁg%ged to
stoggasable as a unit and each physical page 20being writable and readable

as a unit, a mapping data memory storing data indicating, for each of
a pl @ &P of RIYIRAIMLR SRLTEP ARG FRANBRHY e RigHELY G%iéﬂ?é%ﬁ‘i’dﬁ by and
asgaieesp ontinddgishbaddrofy hysicdaldriocksich premons cofitioer @yanged a

coﬁ%&%ﬁ%@cﬁéﬁgtﬁo%SF%@MQirﬁS'th%%‘&sﬁ“&»‘éé%gé?%%%g%&fgﬁ@%‘%@@iS'a;

logical s, said write operation comprising storing ing
blogkid logical page of a said logical block in a physical page of the

15.Corr,el\snpn%&dcgp sfylg; gg\hggcl;%?(liéglgogokbla'a\lﬂrrct: ﬂ' lﬁ\lizl)ﬁerein said page pointer identifies a

physical page of the corresponding first physical block to be written in response to a host
performing at least one user data page write operation relating to the corresponding logical

address.

16. A memory system according to claim 15, wherein said page pointer is
incrementable to identify the next physical page of the corresponding first physical block to
be written in response to a subsequent user data page write operation relating to the
corresponding logical address.

17. A memory system according to claim 12, the second memory being arranged to
store:

a table comprising a plurality of entries, wherein each entry is uniguely addressable by and
associated with a physical block number, and sach entry records a usage status of a

respective associated physical block of first non-volatile memaory.

18. A memory system according to claim 17, wherein the said status takes at least four

states:

a first state indicating the physical block is erased and free for allocation,
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said memory controller being arranged, upon a physical block fuliness

criterion being met in respect of the first physical block, to associate a

second physical block with the corresponding logical block, and

subsequently to write data relating to logical pages of that logical blockif SLLP

pages of the second physical block. 521.A memory system according to

claim 20 in which at least a portion of said mapping data memory is a

randd it e sEindEElINg hanhisinalplevisie pHacitheineoreriire toia logical
adavbighsati leesd sopstdiaiy eksaighapping data memory is a non-volatile

random access memory. 23. A memory system according to any of

clairas'2ol 322 intiohiitly Saddopisisiial bbbk ER frrss asiteriemds that all

pages,_of said first physical block have been written to. 24. A memory

systBriPHALFgte ndigating g 1Rt It RlBRy Bretdiify (g earditene
non- ' mory having. a pluralit physical blocks, each physical
19'b|oc§ﬂ‘§%§ @:g‘ésr%zpéé ?ﬁ%génﬁ%?é%fﬁé? é“nysical pages, each physical

a rARKPEUIE QIASARIR A d MR GAC B RBYSINAIRADBIBEIRBIVILARIS, - oiatile
15and readable as ,%tﬂumt’ a pwapplng data memory arranged to store: (i)

el AP A B ARG, IHFEA BPaseHStafE 6 9 JICAF Bl Raysical
blopkappiry bételethe eaztelbgicak bloekrandoa @aretpontmgtéipstdn@adteaicn entry
of PIYHEAHIFSKSH secona('r")omwgléﬂ%qmmoq?@ Wﬁ%@%ﬁé‘&rﬁ%@?ﬁtﬁwﬁpf
the plurality of logical blocks, a 20mapping between the or each logica
nehdER'and a corresponding second one of said physical blocks: a
ontraller ar ed.to perform a writ eration into.the .

o ST ot oo o e e e R A S etnadeta
fro@nRQirthedidraliief degicahRiockss 2RRad MITEGPERLRSL NEW NG rihg data,

the case of a logical block which is one of said at least one logical blocks,
fromvititing sisier td ditatintaia detersainethpsieabbiduk cay espandingdirst and

second physical blocks. 25.A memory system according to claim 20 in
frogy(ieh Saie it dpeiagomiereiting, onarrsicaswief rhisiteabloicketuhictaiserror
cor@ignAf said at least one logical blocks, the steps of:

20. 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 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 logical
blocks, a mapping between the logical blocks and corresponding first ones of physical
blocks:

a memory controller arranged to perform a write operation in relation to any logicai
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
physical block,
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(a) determining if a fullness criterion in respect of first physical block is

met; (b) if determination in (a) is negative, identifying a physical

page of the 5corresponding first physical block; (c) if determlnatllg,}@g{_w

(a) is positive, identifying a physical page of the corresponding second

physical block; and (d) writing user data to the identified physical

page. 26.A memory system according to claim 25 in which the memory

contFBIfFRMUYFErEtRIEr (sBIe rERNAng HRAfte RlirRier P sl ddifgag criterion
beimgitﬁd@mefé@@ébirbfﬂﬁ@ﬁ@t @h@sﬂiar@tﬁwatéoﬁ%&ﬁ@g%égﬁ@y@!f@&iﬁ@ck with

block to, determine u riteri ser data in
thergcs)rrg% &;o lOanf E(Ilat e s%ecci & t&%?c‘gi% ‘g"lé%‘ [§'RHRELI? tgHR! Pages of
fhaﬁl‘@ﬁ'ﬁﬁ&/@i@% Eﬁ‘lé@é%ﬁf iheslercdatephyisiaaioriaskpositive writing data in

respect of some of said specified logical pages to the first physical block

T-and 0SS TPFE SYRIErOPBERET T L rdeiBIAGiEapisged Iepfi @ St sgiddaroring

datblowknory is a random access memory.

22. A memory system according to claim 21 in which at least a portion of said mapping

data memory is a non-volatile random access memory.

23. A memory system according to any of claims 20 to 22 in which said physical block

fullness criterion is that all pages of said first physical block have been written to.

24, A memory system having:

a non-volatile memory for storing user data, the non-volatile memory having a
plurafity of physical blocks, 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,
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 biocks;

a memory controlier arranged to perform a write operation into the non-voiatile
solid-state memory of user data in relation to any specified one of the plurality of logical
blocks,

sald write operation including, in the case of a logical block which is one of said at
least one logical blocks, writing user data into a determined one of the corresponding first
and second physical blocks.
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25. A memory system according to claim 20 in which said write operation including, in

the case of a logical block which is one of said at least one logical blocks, the steps of:
(a) determining if a fullness criterion in respect of first physical block is met;

(b) if determination in (a) is negative, identifying a physical page of the
corresponding first physical block;

(c) if determination in (a) is positive, identifying a physical page of the
corresponding second physical block; and

(d) writing user data to the identified physical page.

26. A memory system according to claim 25 in which the memory controller is
operative, upon recelving a write command specifying a write operation in respect of a
plurality of logical pages of a given logical block, to determine said fullness criterion would
be met if user data in respect of some, but not all, the specified logical pages is written to
the first physical block, and if said determination is positive writing data in respect of some
of said specified logical pages to the first physical block and data in respect of other of said
logical pages to the second physical biock.
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