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Invention relates to portablg ata storage ggymummmn

and nmet hods of enploying the aeV|ces for storing and

retrieving data witten t-o them 5 Background of

I nvention During the past chpIe-of years, there has

been nmuch interest in providing a data storage

devi ces containing a flash nenory and whi ch can be

connected to the serial bus of a conputer. A Ieadlng

docunpphaid ghfd Stofddd dbvick Wohd 3 (AeAdhS 3ddrebE izl dgmnq table

descrTDES a one-plece device subsequentiy ma _

under the trade mark 'Thunbdrive". |In one of the
3cribed in this docunment a nal e USB

pl ug nounted on the housing of the device connects

q"h’é%&ééhttlﬁ\/e‘?'\tlgﬁ 'FE' fed P SRMIE Haitd) gﬁ:r&&é‘ﬂ@%@és atfd H%Erfods

he ‘conputer Is able to transfer data to and fromt
qu gptplayingdhe devices dosietirnghand setdevige data witien & theder
t he. control of a USB controller. Various inprovenents

HvRRASEd to this device..For exanple, -
ses that the device nay be provi ded

with a fingerprint sensor, and that access.to data
e Bt (el it iBeis i b S Rt el o R =
aldis etorape @@m:wzo : ¢drga|hirr]ug euwhI HeftAn a?d k\)/\'ihlcﬂgeelrpltjdra] Bbnriexted

st or at e' disclosure o 0} ] e
b o setieL bug of Adoninsieh Adesring dachent Bbie s Whe
so'ﬂemgar ﬁmmh dasehbas Banb%hé&e éé\ﬂé@gabébﬁ(ieﬁﬁy FRYkdied @fder

ortabl e storage device is

|tasénape@naﬂ< ﬂ&wrﬁedaveﬁo nonePfthe ambrdiments described in this
' Muﬁ%ﬁ?a%é}?@w Btdg%bﬁr'itea o‘m Wﬁ mo%@fhbrd? 'tﬁe ée\Ha‘@connects

i nte ich direct connect

tdjrqqthetqsiemaleé?%@@cheto@ a@onaptt.tgs sodbatdhg compater msoeble to
?t?gﬁy%recfatagto J@% frok! l"l’lg%{agﬁ rrr?éjmﬁ& 6fr{ﬁe B§Pﬁabl@ts%rfaag %eglce
rom t he hos

under the control.of a USB controlier. Various improvements have been

proposed to this device. For example, WO03/003282 discloses that the device -
may be provided with a fingerprint sensor, and that accees_to data stored
within the device is only allowed in the case that the fingerprint sensor verifies
the identity of a user by comparing the user's scanned fingerprint to pre-stored
data. The disclosure of both of these documents is |ncorporated herein by

reference

“The structure of such a portable storage device may be as shown in Fig. 1.
The portable storage device is labelled 1 having a housing shown dashed. It
includes a USB controller 2 which controls a USB interface 3 (eg.aUSB
plug) which directly connects to the USB interface 4 (e.g. a USB socket) of a

~ host computer 8. Data transferred to the USB interface 3 from the host

computer 5 passes through the USB controller 2 to a master control unit 7.

I
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conmputer 5 passes through the USB controller 2 to a
master control unit 7. 21121212 iltY Frere reeer renl
[T 1 1l *@0o002* WO 2005/ 069288

W 30566938%/ 000017 2 Data packets are of var iR§ITESG2004/000017
sorts. They include WRI TE data packets, which contain
WRI TE instructions to wite an anount of data which is

a multiple of 512 bytes to aspecific |ogical

address. They include al so READ data packets which
contain a READ instruction to read data from a

- specific logical address. 5 The WRITE instructi-on
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tmmaqﬁdk!étsfl@r@tdflvaﬂoas kogé Chhe\PREILRIBIVRITE BStal ;%RéﬂsOWh.ch
the first part of the data has to be

vmr\t%'a rW R&Tﬁ |"?ﬁ.11ﬂ{9§?%t9 writenanamamt ofidata which is spaultiple of
Vg4t Bﬁ@s t@ﬁ%ﬁe’&ﬁi@ I d%l?gldég&eé@"ﬁtég' ifcibde QEO\%EAE) Hta bhckets

take sever al acket's td communi ca
W%WE contain @dREAR. insly tmtloartpyead datE#DnlaMchmtlogmal address.

t
Tk PR AT AelrdidrypRER Eamal oM olA BeiiRes bRlle opation et
bwhichdble Sitst ipairaf t_hda daim hé’é_ntb hawmﬂenpamtrﬁidatlun of ham\l%:h
i t t ;. controllin )
e Fohg it ahd et e 8 iR ke widkn ot taiee

l\@é\ﬂéréll deth patRe® Ity cBriPyurieAEEsE WRIPR igstwiatish sﬁﬁﬂarly,

?‘j\%}lﬁﬁ one or _nore |lines 15 shown schenati ca
1

MU PHISRESS 7 IRgoAl ACosA M avIsh i St evading, and
s ificatioRl ofthow aﬁu%h HERBRYIRIB Hereb B frsten 1o L he

lash nmenory 9, a line sen si gnal when
the flash nenory is to send data to the nmaster

CORL . r si gnal
glé Cng%st%‘rné&nt(ol ul'\ t%%p@h&ﬁﬁéﬁﬁgﬁﬁﬁyﬁ?@or&m%&?@gﬂlgg a
sNéJN[Uﬂbﬁm menonyr9. Ghefmastenbontnoldatite? edsrﬁtdlsﬁthba\l/mD flash
n BLE. si,gqnal ich has to take a certain
3o Rl syPHE Wi Stk el By oS or Ingigdinss
t Brownsthematicdllyads 1iTyplealgatssd ned 12 E\Clﬂl@b% I{ﬁé me.g
it bus

b8 RIS Biapabund Bafere tedhiien BunERABL Mamenl8, a line
amncad@&m READ 8ighal whén ﬂﬁ’éiﬂ§§l¥ rrie‘inc?% R Sdergldata fo the

addr ess ~.a specific address in e menory unit

oynasier 'zsahanﬁa {I%E&WB'Chcﬁgn@aan address signal lndlcatmg a location

in the memory to which data should be written or from which data should be
read, and an ENAB_LE signal which has to take a certain value for the flash
memory to operate at all.

' When the master confrol unlt 7 needs tfo store data in the flash memory 9, it
~sends it there via an &- blt bus 8, at the same tlme as a WRITE command,

ENABLE S|gnal and address are sent. The address is a physxcal address (| e.
a specific address in the memory unit 9) corresponding to the logical address
according to a mapping stored in_ RAM memory in or accessed by the master
control unit 7. When in response to a READ command, data is transferred out
of the device, it passes in 512 byte péckets from the NAND flash memory 9,
through the 8-bit bus 8, to the master control unit 7. The master control unit
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according to a mapping stored in RAM nenory in or
accessed by the nmaster control unit 7. Wien in

WQ%@B@W@%’HO a READ conmand, data is transferr®aT/SG2004/000017

of the device, it passes in 512 byte packets fromthe
NAND flash nmenory 9, 30 through the 8-bit bus 8, to
the master control unit 7. The master control unit WO
2005/ 069288 PCT/ SG2004/ 00001 3 sends the 512 byte
packets to the USB controller 2, which sends them out
of the device 1 through the USB interface 3 to the
host 5. evice js conventionally powered through
SERES RS Ayl Rabkes Todhp et sonirelendeneipsende Ham eut of
the devisan! #9865h the s e computer,

t he device po%ers g]o%%t %gﬁé?ﬁcﬁ gg’@ijgl n the RAM of
the master control unit 7 is lost. Fig. 2 shows the

f the NAND flash 9. The device i
il oo Branyngiosaly owered firaugadng b inerianesd,vo that

WieSHPRRIUSB infRafRe’ i bilities
exi st, suchnas eac%%pgg@hgg%giwr?g] Q'L%W?&ngozcge?&e@grpo&pputer, :
thidenicepioyers stavin.nAll dataestprstt inthe RN ofithe Aidbtsit QIRER unit
ﬁgqé&{ 11 which stores control data (typically up to

16 Dytes). The data is arranged in "blocks" 10 (i.e.

the respective rows of Fig. 2), with for exanple 64
l:pa%s 6 to each block 10. 15 Conventional NAND fl ash:
@noEeys fag BampBespacs ekthedWANDiflaskyegiorg 9. Fagelevice is

- - ‘ : o Lonhi ch dat
cPPRQed 0 e P12 57 o8 HERS o Badn ErspeCh, el et that
atberspassiiliss exiet, sagh asaubtribdde sOAhg IMIBLPREN Hach®of which

age. Pages can only be Tthanhge

| he .
#W%E%@EL"EP%E%%P%%&?&O@”H of Hatasstarage sacior1bwhich stores control
dg'ft@ gt?pﬂéﬁﬂﬁhgﬁg C‘Ik%ob)bt@§}.sl7hé déta lélla“rtaEggg 219 nblfet:%%sﬁé @%? fe

gi ven nust” be erased a

respeciyedowsef ddgt Rk méth for eragipke64 ipagels 6oio GRBEbLIBAS 10.

{17 i Bk le. In other words, .it. can only be
dcc#]@r? g gg“#'r%ﬁ“ﬁﬁa‘%ﬁ? H&ARoeS {‘ﬂ\ée {Tﬁﬁeé‘ﬂﬁ?@@nﬁ ate a
i mi tfed iveffpddeBsithaH 8 0 i
ti mes. _Thim;ﬁyﬁgm"t I I et ?ﬂ%ﬁo?fl’?’ﬁg S8, i Wit data can
bgyritten into it, or a "non-erased" state in which data is stored in the page

and different data cannot be written into the page. Pages can only be
changed from the non-erased state to the erased state on a block-by-block

basis, i.e. all the non-erased pages of a given block must be erased at once,

- losing all the data stored there.

2. A given block or page has a limited life-cycle. In other words, it
can only be changed from the erased to the non-erased state a limited
number of times, such as 10,000 or 10,000 times. This limits the lifetime of the
memory device. | - | - - |

3. The NAND flash memory contains occasional blocks which are
"bad" in the sense that data cannot be reliably written there.

As mentioned above, the address in {he NAND memory device 9 into which
data is written, or from which data is read, is determined by a logical address
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3. The NAND flash menory contai ns occasi onal bl ocks
Wov% 3&0?{ "bad" in the sense that data cannot be:
Vy witten there. As nmentioned above, tH{el/5G2004/000017
address in the NAND nenory device 9 into which 30
data is witten, or fromwhich data is read, is '
deternm ned by a |ogical addrgss WO 2005/ 069288
PCT/ SG2004/ 000017 4 encoded in a data packet received
through the USB interface 3. Conventionally, the
master control unit has access to a table storing a

erRARR L ABHE SRR ESRES thbuoMibr IS Badacas on are
canvtskntrortauycﬁfe ﬁfastétfbdmmp UpitdRY &%es“@ 5&3 téb@étoﬁﬁgg al n

the dirty tab (i.e. the "physical dress
manpi necheimeen a@@éseas Uhthq/logm addr&sslspamer&mbledaﬁmsim the

oHERRA e Er) SHaPEufics B AR CBbn RElESReRfoty s whlcn
ard g mm dirty tabié I(|>@CiheT Hysucélfw&éés"hhmh%héh?efgeﬁy)

asa_g ted with any | ogi cal addresses
h RChRlogfais fBBB@R@ to eHespestive regin otthedagical

' e i.cal address
d"’ﬁéeésgs oo MRl St o Adlp ot sq @4 16 Bop Rios? 8 pages.
This onappingtis fixedaThus, the et blbtlks atonaURsRHIES V\im‘ayany of the
For exanpl e, t he dirty address table itself i’s

IO%'?'%?@G df&sS€Re reserved bl ocks. 15 The master contr ol

unit 7 includes a file managenent system including a
bl ock al location table, which indicates whether and
AnsstiFriame the bad Adockst, there arel atbesbiacks whi¢Harenstsabociated
t he master

i i S0 ek e N DB TR, are used for
stdam@um datatthe poreEDlY sva»i?age de¥icttmil tn%bﬁeﬁgfe%mbl?ee the

ocks, the master control unit 7 uses
d"é\r peldresipble isek is stored in tiectaservacblobkack is in the
erased state. If it finds that the block is in the
" non-erased state, it conventionally copies any data in

Thermatsteckomﬁ'mlalmi B inclades a fike marigemeérit 89 stefn ancludin

di ff erases the block, and then wit s
biSeK afioea lon ?acb? Rlch indicates whether and how much of each of the
blocks are in the erased state or the non-erased state. When the master
control unit 7 receives data to be written to a location in the memory which:is
within one of the blocks, the master control unit 7 uses the block allocation
table to find whether the block is in the erased state. If it finds that the block is
in the non-erased state, it conventionally copies any data in. the block which is
not to be overwritten to a different location, erases the block, and then writes
back to the block both the new data which is to .be stored in the memory and

the-data copied to the different location.
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back to the bl ock both the new data which is to be

: i.n the nmenory and 25 the data copied to the
W@?@‘?@?%ﬁ%? | ocati on. WO 2005/ 069288 PCT/ SG2004POBEG2G04/000017

5 Summary of the Invention The present invention ains

to provide a new and useful portable data storage

devi-ce. In general. terns, tHhe present invention

proposes that the mappi ng between 5 regions of the

| ogi cal address space and regions in. the physical

menory space i s changed during the operation of the

agdewl.ce. < : rds, there renmmins a one-to-one
—rm'p'péliﬁ'g—b??wevsgﬁm of tf %&HH—T‘UHOP& cal address regions and physical

menory.regions, but this mapping-changes over tine.

. Thignpsesant inventidneainsf toaphoaideageww a0d Eisefut Ipprtables data sforage o

q rresent inventors have noticed that generally the
_\ﬂﬁ?tcal addresses generated by a conventi onal
operating systemon- the host conputer tend to be

-_"lnls%éﬁér%'l_ itéhd Ytheopregbat atlentidnChroppaas thitathe mdppmg between

0gi cal addresses have a fixed relationship to the _
regionrs @l thadlpgiosd address spasreapdieginns idthe physicahmeemory

o 50 U B8 SRRV oL AR BB D W, v

- réneaiviary ohbdoraticamappiity betvadere iyida) giddrdssaralionhy ahd ahysical

addresses neans _that the nunber of wite operations
SHF thizimapping changes gvertimaduced.
Essentially, when an instruction is received to wite

THat | vank i ch, according to the present
THR!Ras é'?ﬁfno l?eorgiﬁ% Ata

mappi ng 20 physical addresses, is in
the non-erased state, the nmapping of |ogical and
Fisathsitbalprasentdeveniosmhave notieed dwtgeneralty therogical addresses

- obfialld BB E R ondtiiG ThE Y Bel it g tond 1o

benstatisticailgt corsslatee vihich haeahs! thatoit khé hedicals ad@ieskes have a
_erased is also witten to the new block. Thus the old
fixed Jelstiopshinsta e, physicak addrrssesnéien apee pbysigabgddresses

afég g.st%gtne;@ehi RBRd _fﬂ@ahgpﬂy dhaf L&ﬁs‘g_am%ﬁerg?&vestm%wear out

oper ati on
quickly.

Furthermore, being able to vary the relationship between logical and physical
addresses means that the number of write operations which are required to

write data is reduced. Essentially, when an instruction is received to write data

‘into a page for which, according to the present mapping of logical and

physical addresses, is in the non-erased state, the mapping of logical and -

- physical addresses can be changed so that a new block in the erased state is

associated with that logical address. The new data is written to the new block,

ahd any data stored in the old block that is not to be erased is also written to |
the new block. Thus the old data only has to be copied once, not twice as in

the conventional method discussed above. This makes the total operation of

the device faster.
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the device faster. W 2005/ 069288 PCT/SG2004/000017 6

- rary mappi ng between the |ogical and th
“K)ﬂ§2@§% addresses is defined by a nenory adﬂ?gggﬂmummon

mappi ng table. For speed of operation the nenory

address mapping table is preferably stored in RAM

menory (e.g. in the master Gontrol wunit itself). But

t he mappi ng data which defines it is also '5 - '

preferably stored in the flash menory device itself,

so that it is not lost in a power-down situation. In
‘Tharfehtpdrafy n’(é]ﬁnﬁ@'ﬁé’nﬂéeﬁ%é Igg@a?%osﬂgi ?By&E loﬁg?r‘é'éses is

nore pages of gl ven store a |n i ca
- dgfnedh Yogi mdeaéé@SSeglapplnméaMEoﬂorl spequt eémyequnon the

SRR At hheiTRele B MRk ERN. SR M mémory (e.g. i

theoweaster coriteolnewsit ﬂéeﬁPlBLitOtheUrﬁh'abﬁHfgeﬁaH‘\Aﬁuéﬁ"ﬁ@ﬁnés"lt is also
neratethe mapplngtable be stored in I

P GF?@ YréFﬁfﬁgi)m the flaste mampeiyndeviee ah;@ifgeq thawnsmmost in a

I&‘ﬁf dress corresponding ‘to a given |ogical
pb%}-@ss regl on changes froma first block to a second
bl ock, the data in the mapping table and the

Ircpartwtammmgodmbladataostemgensédter of 8B drSmBRIBaYes of a given

th f the dat
blti; B! v ateaBRioatigo pich fﬁégﬁﬁgogrésgfgpg@@w dhe block is
pﬁéﬁéﬂtl@@hésb&a‘ﬂé& Qwﬂ'\e‘cWHéHQ %%v%"i@' ?{8 Bcf ?'tgfslk ;c%Pnputer,

bl ock"to the second bl ock before th
apddbednagier gentroburitl ismpowered, rtheanasiarlcmmabl api¢ ueas this data

1 5 S SR B S e mamory. A

thee enapping 20 chapged 2kech \a‘.‘héthth@;'”;){h)‘i‘eflcéllh&'ll< ees resppnding to a

addresses. These are the reserved S an
gpyencirgical addrassdiemion §h@19e29n’@om adiesit bipak émai sm:pnd iblock, the

th
B 150 Spphle TGS A BBRBAR el 3553 1
marheny éelvuce age Kept epidaded! lncﬂhe daswh bt theadatnerédif ehe flash

b f the | | add
| ﬁ%?@ﬁ?ﬁﬁémwaﬁ@p&f %s%iggpmgitneg %t%?@e%méiﬁé’ mappmg from

tHeARE BIddk bRk ée@ehaﬁloadﬁéf%ﬁét @ﬂfs?%ioéﬁh@%ré%edocks .

mapping is to be varied, one of the queuing

sel ected to becone assom_at ed with one -
As mentlo_ned above, in conventional systems the logical address space is

smaller than the physical address space, since there are blocks which are not
associated with any of the logical addresses. These are the reserved blobks
and the bad blocks. In embodiments of the present'invention, in addition to
the reserved blocks and bad blocks, there are at any time a set of further
blocks (here referred to as "queuing blocks™) which are available to become
mapped to one of the Iogical' address regions in place of blocks which are
presently mapped to that logical address region. When the mapping is to be
varied, one of the queuing blocks .is selected to become assobiated with one
of the logical address regions. The queuing blocks are preferably in the
‘erased state while they queue, rather than being erased just before they
become associated with one of the logical address regions.
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of the | ogical address regions. The queuing bl ocks are

ly in the erased state while they gueue,

“ng?/g?aghan bei ng erased just before they beRoHEG2004/000017

associ ated with one of the |ogical address regions. WO
2005/ 069288 PCT/ SG2004/ 000017 7 The updating of the
menory address nmapping (i.e.7the selection of an
~erased second block to replace a first block in the
mappi ng) nmay be perfornmed whenever a new WRI TE
instruction is received to wite data to a location in

[ ' i s nat in the erased state.
Th%n%mn%ﬁg éﬁhe{ger ¥ o(r?rSﬁs%&HaéE% gi?ppdgg t(h?'stlpmef@st'on of an erased
secord rhlotit oto Teplace & \irgh bl # A& ! abkin) tndly be performed

referred refi nt of the present i1nverntion, a vb)rlrfe
W%ﬁ@?’ﬁ'ﬁ PdheweW'%ﬁgw%wﬁe ifreceived dntwole daiiat tobadechtion in
the® iSAINEd ‘b P t.d be .suspended for a

cgp a{igér‘1I per'?é%%ﬁgr'%é?f@rthggwg%gS%J?ovi ded that no

instruction neeting a predefined simlarity criterion

It wnayh henepedfofinedt asnsopociaisonhiss WREEE v btilidfisn ist habeived.
' t of the variable address

AIREIRRY. 12 WrelH iRC FR%Beit o on  mizsant pavantpnoya wiit

optltionopaforidieldo By t it r-ae S .
. stati sfbi cal ly co?r el at ﬁ%fﬁf)gﬁggpﬁﬁeﬁé%% %lnsa given WRITE
insHion BEbybe Helsoesdedataron chrain perodntdnd performed only

: . i ved_during a relatively
préfabd Y53 ABSASHILA WSS Eh LAEOR VB s whtn e
firstoinstrlicionl ishrscelvezly dufifig batp&idd. f igdtess 'tﬁe péd%&%g? & the
t.oget hc?cf than separately, thus inproving the spee
valigflf Addree: Mappiio ta@epigs@me@l ghove istrootivptediparthe by the

o TSR @ AL ERE Ar8 fhdiRall Folteletec. fis refinement

is irn@,ti\raﬁ@@} bayhalniei obseryatimf/\}qﬁauh ﬂeqagngeihsgu&gﬁ%gnq\ﬁﬂgh are
toof the invention, which may be used within the

re%i\g%dé déﬁ?'”ézo? t'f Ea'fl" erﬁhpﬁ'h P&TIREr °¥ ka_ﬂei arec swflaientlyostrongly

conelated Nharthep! eafiapal Mol etficiefnl | pPocUEN fogether than

correlation js that frequently succ I VE
sepaatelyic thgn simprevingy the Ispeedatadics lifetie \of ithé eportatiie data

— lyerhe logjcal region. To address this, -
St RS e Thi o3t S fia ZhinS parafion to determine
‘whetrsrr anofimer spreldtyd NY/RITE indlalcBohSatrelke Wnki; |
. d nto .a g ogi cal address region cor Pes%orﬁ, I hg%hg@?% haenother
independent aSpect of the invention, which may be used within the scope of

the invention other than in éombination with the variable mapping table.

A first such correlation is that frequently successive write instructions specify
that data is to be written into consecutive the same logical region. To address
this, when the master control device receives a first instruction specifying that
data is to be written into a logical address region corresponding under the
memory address mapping to a given first block of the physical memory, the:
master control device preferably suspends at least one of ‘the operation's
which cause data stored in the first block which is not to be overwritten to be
cop_ied into the second block. If during that period, the master cbntrol device

receives no packet containing an instruction to write data into the successive



10

15

20

25

25 nmenory address mapping to a given first bl ock of

t he physical nenory, the mnmaster control device-
preferably suspends at |east one of the operations
WhRrWKR/06%38ke data .stored in the first block MOTEG2064/000017
not to be overwitten to be copied into the second

bl ock. If during that period, the master control

device receives no packet cghtaining an instruction

to wite data into the successive WO 2005/ 069288

PCT/ S&004/ 000017 8 page of the block-, then it may
continue with the operation of copying the data in

41 B b EoRBGR b B S e ot
spdheff;rshglan:khato treet aed:md)blomkl Alltemadtively, fftd@ing the period it

- dd h
IRENPT (et Rmie FERels, SHoETying: oinge ok e b8 WA it other

hbestionsan dhe Baidi I6giearad I8sy rafieHlIhbR lt(‘cﬂﬁlwﬁt@ffhé* abth from all
fromoth portlons of the first block into eseconorn

ffdeg pag és:tm the, blpcke @nd| iat thisncage oAl neecb toheopy the data
iR SMer pOHOAOEFhe TRMS tSthe sddoRg il v the '

master control device V\nlﬁmnece lve Wthin a short
ace of tinme packets containing WRITE ' instructions
ggéﬁcppﬂnﬂrékaerrﬁgaﬂ@héSStaﬁ’b 2D dhe presentadnventoss hawe maticed,
dr :
ey HRE Spa&BP b ddlied RAPILARINRTT AR08 Wace of tme
epAnkatsmenntaining t\WRIHE esetnmcthnavmmﬁymgpeﬁcely aﬂbnbysame logical

S t r eri ri
CHRREEE U CRAET o0 Ut [dbethd 8 By aiifes mapping
apberm\m daphtdfethesfstnstructkmsr ‘Is:‘ recd%dctémbﬁ?lﬁaenté %lf tr;e present
i.nt er,nal no jnstruction relating
VST AR SRS BMaPREEPS L8BG4 SmegpRat HUBY this
tparivdp e edta ihtorelieinMBdRa cdehBt b draftllV | b9 ethefrﬂ‘é@f’e%ontrol
W, th vvrltlgg the data to the flash nenory

PSR 24 4 demalidMesachpimemary)ndf mm@smalf:tl@u relgting to the
VRrﬂE Ibg Rkl eekiredd isS red"eﬁ/é@' Y6fnd %ﬁ firfle %&%ﬁ”%éﬁ’ %he master

nbod |rrents not one rel atlng to t
a%rtré%sgiewpnepmee@a! w@lmtwr;ﬁmgjethecdatam cthe ﬂasm emehtoey as

L9588 g Nl e BRI Y RS
rzﬁﬁelvadd(dr,nrnrad@meoembhmnmﬁ mcn:tgmearelambgrtesae sah®d logical
d &?rﬁE%é ntgr m@g{eqnléén]c?olc nge TRy wntoes {he @a{ ?o its cache

memory (and normally resets its clock). If during the period a READ
instruction is received in respect of the same logical address, that data is read
from the cache memory, not from the flash memory device.

Optionally, the cache memory may be large enough to store data in respect of
multiple logical addresses. That is the cache memory may be divided into a
plurality of sections, each being for storing data in respect of a corresponding
logrcal address, and each being assocrated with a respectrve timer for :

--.measurrng the time since a WRITE instruction in respect of that loglcal o
" address has been received.
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Optionally, the cache nmenory may be | arge enough to
store data in respect of nultiple |ogical addresses.
That is the cache nmenory may be divided into a 25
WP&P‘E‘W of sections, each being for stori ngP@EIGR094/p00017
respect of a corresponding | ogi cal address, and each

bei ng associated with a, respective tinmer for

nmeasuring the tinme since a WRI TE instruction in

" respect of :that |ogical address has been received.

WD 2005/ 069288 PCT/ S&2004/ 000017 9 Preferably, the
data storage device. is capable of distinguishing

M‘éf@f‘hﬂhpgh& ahta ﬁg%ﬁé %%%rc@r@ dé%‘épleCHr afshbfguré%ﬁb Yurliéh logical

have data witten to them ver
pefresees ate MIC'dﬂTHled@b’gﬁm ha\@ndetlagmrliemtn ttesemeramﬂene(r e. it

gHrtcr)rrré msj:; frﬁ réi:'?:?nrté L2 egtsol?ﬁﬁm'ﬁa %%n%r? %fﬁgpu&érfs?ucgéns) S0
;h‘mtfrbcam isglecha modaﬁ oge apenatd myickd seidreésd farrwitibie it is worth'

ReBab0 o e SPRERIR rssoBed 7 Fiafisentng dvo oareraphs.

the bl ocks whi ch are to be associated- with | ogical
érd\ermsnptam above dusumds that sk ds aagspectivelsapmng for each of

3 bk TR % s =tod gt ol th el Aramn s, but tis

fRSul® radLiirROtheahemoty dlireds fpping’ atls té Cha%éseﬂqeﬁteas many
1 ogr cal address regions with respective groups of :

RipRRt axdhe dwmber cof biacks| Wik ?F&yab@ %L@reatorlng data. An
f

g!lgﬁ%ftlve is &3 %\ééor.gﬂrg éoé?%&%é:?&é{, gé%avé ‘?Atgg'rr reéd eclf \%f groups of

vikegks. E@rlexagmre Hire tdogksr rr@s!pbecgmgpedonogrogps g:)f (say) four

355 0 3 BB . 178088 Bl Meress

tragioas gvcml:p be dar@ea bye’eneemrre.s@oodmgofactdre(elg) doorl The memory
ti

LSS marie dRhie Wl T ise St Tk, & pRETS Caperapping

dretwben galchalfthese groeps aplli & respddtiveVene of tiseidgidty address
bl ocks is preferable in which the bl ocks which are

nN&0'd8d are grouped. The groups of 20 bl ocks can then
be treated as the regions of physical nenory which are

ais® graupsdmay tslnnplygbermnoécmﬁve boge eRlth@dIBRES baPRCthe case
The mast er cont rc()i l(
that there are any ba bl cks, a more sophisticated way of setting blocks is
preferable in which the blocks which are not bad are grouped. The groups of
blocks can then be treated as the regions of physical memory which are
associated with regions of the logical address space. The master contro!l unit
has access 10 a grouping table indicating this grouping, so that given a logical
address it can use the memory address table to determine a corresponding

group and the grouping table to identify the blocks constituting this group.

Since bad blocks ‘are relatively rare, the majority of the groubs could be set
according to a simple r_ule (e.g. that the groups are respective sets of four

consecutive blocks), and the grouping table would only' store data in respect
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has access to a grouping table indicating this

groupi ng, so that given a logical address it can use
the menory address table to determ ne a corresponding
W 0306828 t he grouping table to identify thePEISERYW4/000017
constituting this group. 25 Since bad bl ocks are
relatively rare,.the majority of the groups could be.

set according to a sinplefule (e.g.  that the groups

~ are respective sets of four consecutive blocks), and

the grouping table would only store data in respect WO’
2005/ 069288 PCT/ SG2004/ 000017 10 of bl ocks whi ch

dradib&@ WRich @hiiciMd foliSw 'tHis Gule! s \OYBUI@' el r@ﬁ uired size

required size of the grouping tab nvenrent
ef{be grrupinghtabley gi ven Iogi cal address region is

associated with one of these exceptional groups could

@Smiér‘ﬁédi@edthésfaét thbed diverd réﬁ%‘doﬁ’ s E\%&F dc,e tc?a%r-@ with

he menory mappithg address
Wﬁ‘aﬁf thesesempmrgyoms carld e lndhedeyi asipi fiap iratheemappmg -

t SOCI ed W
ARUEATIAR e INEHord HUERI aB33R51ALR Ykl Mifipte wher
ramsrmneasaryl tog:onadrlt theddyreapiag tahlaatogletermmhéghé: physical address

| ocks of the corresponding

%?S(?ﬁ itﬂ at%{?“ ogg:atgaﬂ&rgg'ﬁt i ve | ogical addresses

correspond to "colums" of pages. This concept of

Eh@\mahtelg cgmmlpmrbfndyl asPosidite l@gfcéEéﬂQi@@eé@ ith QQPFJ@h IoPlcaI
ress ﬂ’ht and to assqciate consecutive [ogica

S0RIPSS el be | bigpksa ot Mfur eEespogAng. ofpum Such that

6ongenEVe  Io i@as%dd%as%!sl &&%@@&ﬁwtﬁef‘cdrmﬁeer&e%ge This
sect of the invention, which may be used with ?1

t Af prRviding greHeh of 1Blogksieto crEASPONd: dﬁblogmarl aaﬂdress

Yégtrdhst hgnabi Qﬁo%rd@pédnggcﬁtﬁ}%l fogi @Ieaﬁa%%'sg% CWl’chrn <@ jlogical

expr essi on of first aspect 0 the 1 nvention i

padiess| ©oiR élVlﬂ‘fstC@PL@y'@ ®évpages, nconslitutgs @ngther dladependent

SEEAAR, [RorlbB 0SS RRAESR  bbfn B epion

athven dhasr incromtbinatiannwith thendariable mapping table.

_ One specific expression of the first aspect of the invention is' a portable data

storage device including:

(i) a data interface for transferring data packets into and out of the
'device,

(i) an idterface coniroller,
(iii) a master control unit, and
(iv) at least one NAND flash memory unit,

the interface controller being arranged to send data recerved through
the interface to the master control unit, and



10

15

20

25

30

(iv) at least one NAND flash nmenory unit, the

interface controller being arranged to send data

received through the interface to the nmaster contro

unit, and 11 the master control unit being arranged

to recogni ze certain data packets as encodi ng READ

i nstructions and ot her data packets as encoding WRI TE

i nst ryct [

i cehEET oAt RELERG Eitridga o Lo Lot e

mmqeaasnemxmdngg tRIBAB instratticrss and adther data pabketddasemcoding

%ﬁﬂigns within a |ogical nenory space with respective
IBRVNTHONS: address  regions within the memory

uni t, (a) 0 upeAdredahving GOREAP msstmbn aﬁdlbaﬁﬁg Iandd"@al address, to

menory unit corresponding to | ogi cal address

ARESEdA ri@emorv heddigas eaepplmptabiﬂg whieh eassegiaites logical address

RV ! g B 58 P (BSo O, B paoes

teiions” Rathiny thg nWkhdly UNiL tol edadd data fiopdtd PBysichlogdd®lss in the
address and data to be witten to that | ogi cal

REAIRY Unit §OHEERPMFIAG tof thenlogien) saddipss aceEding to the address
@%E@E@p@gga‘r 25331Sot & fggﬁsrlnﬂ%ctﬁ% cgﬂqéi lﬁéﬁa@é?‘i% eedlérp%otr% dt& packets

intadengaiing: dath vduchWasweadeamme data to that physical
address, or if not, to nodify the address nappi ng

table in accordance with a bl ock queue 20 |isting one

or NDL§ QpRHI l%eR)WgSWRﬁI?%tﬁﬁ:ﬁoﬁ%di%ﬁn%\:aoIdb?éél%o%fr@ss and

a second physical "address region wh
dalgi toatre adtiessty thajilegicaloaddieas, nf@ dmrmlrwgifdhe physical address

ARl 5 Tod B0 BOYSE he G 3a, 5% SPaflor Macress
lﬁlb)bplrgatbbﬁﬁlél’ﬁme erisedsfiordmy to the |ogical address
according to the nodified nmenory address mappi ng

table, and to copy 25 any data stored i n other

portieas @fhfaank! a?é tcPTHé; pﬁﬂglcg% s g9 on to

correspoh i ng Ioca I ons e seco phyS|caI addr ess

regi on. is to be underst ood that within the context
helnt ntion there m Il TE i nstructions
&Noghtoc%‘ﬁfj ﬁh%@dgr%s g 'Iﬂ @JP & I RGFPTdsNEE oMl aghlock queue

ﬁé?iﬁg one or more queuing physical address regions, to associate a second
physical address region which, with the logical address region containing the
logical address, is the queuing physical address region at the head of the block
queue, to write the data to a physical address corresponding to the logical
address according to the modified memory address mapping table, and to copy
any data stored in other portions of the first physical address region to

corresponding locations of the second physical address region.

It is to be understood that within the context of the intention there may be
WRITE instructions which. contain data to be stored in multiple ones of the
pages, or READ data packets which request data from multiple pages. In
other words, the address mentioned above may for example b¢ the starting

address of a multi-page portion of a physical address region.



|
30 pages, or READ data packets which request data from
mul tiple pages. In other words, the address nentioned
above may for exanple be the starting address of a
WORSOase portion of a physical address regiRIT/SGAD4/000017
2005/ 069288 PCT/ SG2004/ 000017 12 Brief Description
of The Figures Preferred features of the invention
wi Il now be described, for tfte sake of illustration
~only, with reference to the following figures in
which: Fig. 1 shows a first configuration of a known
portable data storage 5 device; Fig. 2 shows the

: f-a NAND flash menory device
mﬂé?%%rrgom fgr\t/?ce %regFl g. 1; Fig. 3 shows a nmenory -
addy ess mappl ng table in a fi rst embodi ment of the
ifetemed paturgs qfitge invention will sawdieadeseribeld, frdhs saks of
f the invention;

RIS Pk i Soeis 1S TR RIEG a3lnes Bayitor Fig,
3 afté’ﬂg d showistaafinst donfiguratiore obp&naivingsortdbi@da, sivfigeh

rrposed of Fig. 6(a) to6(e), shows a second 15
é%b %r ment of the invention; Fi.g. 7, which is conposed

of Fi §fig. 27drowstthe bhgéucaﬁh@mbry lRpasé 8F 8 NAND ﬂaghxﬁérﬁa}y

i ment of the invention

l%gﬁgaf%%ﬁqugev'°¢ng'98 Tis a flow di agram of the

a
e o e aCER s inPpia fble A et e Bairient of
\I{G%mvgn tifbodi nent of the invention. Detail ed

Descrimy | Irst .e

of £ e v S atiout AR f BT Sohs PR rfopg rwh%“ﬁgﬁﬁﬁi\%gdlment
tafdhe bwamtigmysi cal structure as shown in Fig. ‘1, and

for t Iﬁé 5 ﬁwao%nthg memory address mapping table of Fig. 3 after a
certain data write operation;

Fig. 8, which is composed of Fig. 6(a) to 6(e), shows a second
embodiment of the invention;

Fig. 7, which is composed of Figs. 7(a) to 7(e), shows the state of a
physical memory of a third embodiment of the invention at respective times;

Fig. 8 is a flow diagram of the operation of the embodiment of Fig. 7;
and

Fig. 9, which is composed of Figs. 9(a) to 9(c), lllustrates a fourth
embodiment of the invention.

Detailed Description of the embodiments

A first embodiment of the invention will now be described. it may have the
same physical structure as shown ih'Fig. 1, and for that reason the
cbrresponding_elements of the embodiment will be given the same reference
numerals as used in Fig. 1. All the elements shown may be contained in a

single housing, e.g. one on which the USB connector 3 is mounted. The USB
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correspondi ng. el enents of the enbodi nent will be’
given the sane reference nunerals as used in Fig. 1.
200& 2(f%eerrents shown may be contained in a single
asr §9 . one on whi ch the USB- connect or FfT/%G2004/000017
mount ed. The USB WO 2005/ 069288 PCT/ SG2004/ 000017 13
connector 3 (e.g. USB plug) nmay be connected directly
to a host conputer (e.g. afsersonal conputer (PC)) by
plugging in to a USB socket 4 of the host conmputer 5.
Alternatively, a cable may be attached between them
It should be noted that this device may have many

temiasiors (g COSBughag BRWbrineetdd difddil Yo h fhog{ Qomﬂsuter.

ut which are known i-n other publicly-avail
91 3BPECNaLE/MBYEF dge))deipliegingdnénaadSpaoskeir4iof the host

. 868pafer '5°ﬁlteﬁ9§%ﬁ§§' E‘?:%Bfeollnkg ?t(ﬁz%gﬂea%% 5 l{‘ﬁe][réﬁ should

veri fication, he | |ono sSuc
be nptaskthat this devlgeomay BWG meghyifeatunes whith at®néi @ova'\

B g o A SRS TR et B g i potable

daﬂaastona@ewlmugh aé pahawnspmtectlmnéédéss 'éBh!rol?ed S7
ces | abe

tereltt v B Stanfife nirenain ot et igsul be clear

tcﬁhﬁbhh@jmemrgcks of the physical address space

whi ch are one-to-one mapped to those | ogical address

15 regions. For sinplicity, it will be assumed that

the 3mnm@rmefméﬁ|w§ad@§§hga°ﬁp ﬂgfﬁhgnﬁi @éﬁ@ﬁa | ed

the i ndices e | ocks

?mbosésn%mtaﬂiaﬂ tabletin étqrﬁdmwze wolatiie FRAM memokyaéfthgt master

ot eap R A LBV e
tggioms: anday the! rlgi’dmeﬂ'efdlg:iga Iaizagllmg tihel Blobid efthe as/eIdang
e
Bfeck tacl MidF A 6 Bohe ndbeilid Whsd hbica| fefresne
régibns. l-'amls_tmpilcsgﬂyolt vl 2@ |a$s@hedﬁﬂ§@<thbfthﬁlﬂe@|@f R (ljcal address
COII €S in ock. .The cal address
Feip i B frodissinetio60Ent S arhenns st e mimesr of dipciseis
u6€thbeliod tiss lﬁﬁidé@ ot B6)aln ﬁﬁa)r tyO BBtH bﬁﬁesezﬁurﬁg%rs will be very
npl.e, since it is assumed that there are

ﬂ"éPhd"a'a*RS Thits. tigyaEwunt gtedmtasuhishr carbetstered én aaplagéthe
idpidd GidardssadgionsSs 5¢9ibYbslasiintngd fhaPRid$he b8 of the

pages) times the number of pages per block (e.g. 64). Each row of the right
column stores only an index labelled a corresponding block. The number of

logical address regions corresponds to the number blocks Wthh will be used
for storing data at any one time. ’

For example, since it is assumed that there are 64 pages per block, the logical
address 67 relates to a page in logical address region 1. This is because the
pages of logical address region 1 have logical addresses 0, 1, ...63 and the
pages of logical address region 1 have logical addresses 64, 65,...127, SO
logical address 67 is the fourth address. in logical address region 1. Under the
mapping shown in Fig. 3, the logical address region 1 is mapped to block 10.
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pages of |ogical address region |I have |ogica
addresses 0, 1, ...63 and the pages of |ogica

address region 1 have | ogical addresses 64, 65,...127,
V@ 200586P28%1 address 67 is the fourth address.PGTY$G2004/000017
| ogi cal address region 1. Under the 30 mappi ng shown
in Fig. 3, the logical address region | is mapped to
bl ock 10. WD 2005/ 069288 PC{4SG2004/ 000017 14 In
addition to the bl ocks which are mapped to the | ogica
address regions, the'- physical address space includes
a nunber of other blocks (8 in the exanple shown
above). These include blocks 6, 12 and 13 which are
reserved, and 5 bad bl ock 7 which is "bad" (not

in Ladcitﬂoortarti)e bipicks whitte see medped sethallogicat adappe segions; the

BT o g PR B e

drewreatudve). eﬁmseeﬂchﬁeﬂecksml 'tﬂ‘lamrhy:B lhichuarecreiserved, and

t t t

YBRE 7 itien 1 bagh fadndiaha dBe dBerE a5 drebaps do not

émﬁaem mewamhgqébbl dfCFKQ 4 {tadagh Bréf@ﬂa%lylt@ne@?ﬁmﬂlﬁbent does
ch are ava ecorme nmapped to the

Al BYS 2 B PIoRE RS BiahiR of reasrad oK, WHch may be
%IHIMV&H’[%%ﬁ way§rt8 perenA cﬁﬁe?@pc—ﬁﬁtné divERtignal in

ress ng table of Fi ese blocks are in

poidakie é’é%%g%@%h‘l@e) Vikésh leaygs a mirober ofdlecksdfasd im thisn t he

y
SRinBe) WA fefabie B hB0RE mabBLdR AEloBRIfuEsS:,
fgidrise section 25. Conveniently, this may be
i mpl emented by arranging for four locations in a
menory to each store one of the indices and to have a
Phéesd Blocks)deferrbidntg ax@juetingt leckeUard sitodin 8825 id R memory

oo P ok BB, 8 S8 peokE b g a7ase) ke

RYIBK i8GerhbBeed RERKIR@ptdTehe fQ8ue BR e Sthef BRCREGF RHbved
25 and writi ng{Pa new i ndex into the "bottomrow'

-
HROY ane; pingw blegkds thary iasiiedinte the bottgrarewidhghe sectisaes.
oMieEnichRtP tﬁlgtﬁ# B@tu:r@férﬁ@nte&mly‘%} AJ_E)‘r?nogngr R Io@é’ddﬁ%sln a

and changl’'ng I'n a roun I n manner
prgmery4o each store (m@ offthetindites and tombavers pointer mdlcatmg one

- of the four locations. T he location to which the pointer points is logically

equivalent to the “top row" of the section 25. Removing the index and the “top

‘row” of the section 25 and writing a new index into the “bottom row” of the

section, thus corresponds to overwriting the new index into the location to

which the pointer points and changing the pointer in a round-robin manner to
point at a next one of the locations.

The control data storage sector 11 of the ﬁrsf page of each block which is
mapped to a corresponding logical address region includes the index of the
corresponding logical address region (if the number of bits required to store
this index is greater than the number of bits available in the sector 11 ofthe -
first page, the index may be coded and stored in the sectors 11 of more than
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The control data storage sector 11 of the-first pLge
of each block which is napped to a corresponding'
%,g)gzl cal address region includes the index of the

PEASBAYI ng | ogi cal address region (if the PREEE00400017
bits required to store this index is greater than the
nunber of bits available in the sector 11 of the 30
first page, the index may beqgoded and stored in the
sectors 11 of nore than WD 2005/ 069288
PCT/ S&004/ 000017 15 ..one page of the corresponding
bl ock). Thus; if the. devi ce is powered-down - (so that
from ice
f@marmrymddtre% mappmggahlertheg 3 IsaostEﬂmﬁ Yhe RAM),

st or gcgé dg@it?%' 'g%g C on(? aéﬁm& ?én% ?ﬂgg‘g {%g rcné%llr(éggwate

rthevmeomasy aeldremmpprr@ttabh mftsthfHVlqur@ tﬁéﬂ’ﬁ@iééw’&ed in the
V&ohg*l t? nce to flow di agram shown in Fig. 4.
9‘%\ algﬁ§PF’ 6§| dn i's recei ved, and in step 2

1diR ﬂ@@fb‘i‘l’hé@gfr@ mﬁoﬁmﬁﬁbﬂ% i/afkﬂu%i fs?f“b% \Agwg% |sa%oavy${se%iﬁgwn N

the master control unit 7 determ nes whether it is a

QﬁAD i nstruction or a 0 WRLTE instruction. Suppose

noWsgangictsrdhe OQGE?t\QENﬁth%ﬁt&t ephasiment; with reference to the
I eR,

o) Ao ROy FiA. ITEERPEEn Rtrolof kR oBvbl e

t?a%ﬁénaﬂerm@wtr@ Ui Tidetemines wiethenst ks READ metrhttitkor a

/R 15 to the | ogical address region
cont?ﬁ%ng ft’i]ﬁe | ogi cal address (i.e. block 10), and

wi t hin that bI ock the page(s) correspondi ng to the

| ©ai addr urth page). Then.in ste
ﬁaﬂ:}@@? é*éed'” H&g" 5 ﬁg}’gé Pﬁ%ﬂtadeé@ datastagingtfeom Pogiqal
kattalves st&YC Ilmscmﬂ the ﬁwd@@'tc%htrépumlf PlusHBitie %e‘nﬁgg Gddfbss
comand %? EE fq\gé uni t to extract the

JPapRIS 135 P Eaméem "HP%&*P@ gerresnangingblack gome)spondmg
ttbamsmsgtctaeﬁdafe%@ré@i%nwmﬁng hd I%lééﬂ a*dBFes@Et?{e fiock 10), and

uni t via the bus nmast er con
M&%PL@CMPS R@ﬂ@(s)rcqmseomﬂgm thealogical address §.4. the

Ol’éhrth hod)hehes Blrdl

recei \9/ o2 )a \r/\\R \'Iﬁ%‘éfer?st r uc '{é tsgeggo dr?ccﬁ@%tto {he
begwirieekpiauet the magec abntmi dmﬂs?snsﬁﬁes arcosirggndto the memory
@ Plo SAAE Bhe H¥a! stdred fourth page from block 10; this data is
transmitted from the memory unit 9 to the master contro! unit 7 via the bus 8;

the master control unit forms this into one or more packets and transmits it out
of the device.

‘Suppose the master control unit receives a WRITE instruction to write certain
data beginning at the logical address 67. In step 5 the master control unit 7
determines the block and page corresponding to the logical address (as in
step 3), and in step 6 the master control unit determines whether this -page_is
in the erased or non-erased state. This may be done using a file management

system (e.g. employing a block a_llocation table as in the prior art described
above).



: |
determ nes the block and page corresponding to the
| ogi cal address as in step 3), and in step 6 the:
master control unit determ nes whether this page is

WO 200586928835ed or non-erased state. This nay FETEER04/000017
using a file nmanagenent system (e.g. enploying a

bl ock allocation table as in the prior art described

30 above). WD 2005/ 069288 PGQH SG2004/ 000017 16 If the
fourth page of block 10 is erased, then the master
control unit 7 just sends a wite instruction to the
menory 9 to cause the nenory to store the data in the
fourth page of block 10, according to conventiona
techniques. 5 Alternatively; if the fourth page of the

- Bitecfoutih pagenafiblerkak@ ik eralsed, thensmepn&temntmenw;ust
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Seatts pgtinsiOer e Ry Saiayss the MenERY 10 o the
uatatln the fstirthGageagietoek 10] Asdordfgite cadntéionBl RekniqliBés

new block is the first of the queuing bl ocks 25, that
is block 4. 10 Then in step 9 the data included in the

x\ﬁér-ﬁgtd/él?t if Hfé fo@lﬁh 'g%ge dfttﬁé Bidk W%enc‘glergéecp ltﬁl-ﬂ(mdstep 8 the

hen in ste address table is
m@étefrcqqntmk HDMHW\JCFEF gne smennnat ung to tdepy larwlata atcsredaw the

iRt Biredl Siticd bblofE 108hG h 4396680 a8 B pock I o & new
hlmelslﬁl‘l‘m‘s nes bloak ishtireo iest coff ther qntnémngmaktst%ﬁgttnaelseblock 4
ThER ™ RED ¢ e litte BGTUBEH3F B TuRIYE: FRATIGH Brirtqh & page 4

\of blazkdat Thém im sterpam@ hei mém@g%&réés’ﬂlwe idNpégt1tBathe form
ati_o 10 may be perforned in

- SROWBIRER. 5r dBatsbe lark it GOw sSasmted it dh e calBdgress

ﬁ‘éb’ﬂlén an e BIoRRI{VR éﬂas%ﬁ' %&dapnfabé& dﬁﬂé‘%%%ﬁ gif 1R Yuille 25.

for the device to omt.steps 7,

&lrmsee@@r%tar%f@tm blpelsnins thepaaews, @ﬁeQiO@( 10 rWlEblbhe'leUSQ@ on the
‘ﬁ%ﬁpﬁut-tﬁ)’é‘é Mm%' tﬁﬁt ﬁ\?%'agfaer'déﬁblro‘f' %i’t??lrlsﬁ'gﬁt%g% \(ﬁ'g(e ddi& 1o a

copyl ng steps
Pagewhich e ond-eeaMd iNatatthaf theh epemtlens ioh Btewﬁs ted8 rnay be

of ..t addr ess
&)Iégfogﬂr}éé 'ir% aﬁ)éngg%&%f aaggocrgg@ ’R/tgue imp e r(l:tatllo _
Note.that an alternative to using a file management s.ystem is for the device to

omit steps 6 and 7, and to praceed straight from step § to step 8. in other

words every time a write instruction is received, the copymg steps 8 to 10
would be performed.

Fig. 6 shows a second embodiment of the invention. Whereas in the first
embodiment, each of the 8 logical address regions is mapped to a respective
block, in the second embodiment each of the logical address regions (still 8 in
‘this example) is mapped to a corresponding-group of blocks (in this example,
-four blocks). In this example, the number of blocks is equal to 64, labelled by
an index 0 to 63. Blocks 60, 61, 62 and 63 are taken as reserved. Blocks 9,
17, 18, and 27 are assumed to be bad. The bad groups are given in a "dirty
table" which is shown in Fig. 6(a). This table may be generated the first time
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bl ock, in the second embodi nent each of the | ogi ca
address regions (still 8 in 25 this exanple) is napped

spondlng group of blocks (in this exa
%ur S@ﬁ In this exanple, the number of %@ﬁgﬁ@“‘i/‘g’m”

equal to 64 Iabelled by an index O to 63. Bl ocks 60,

61, 62 and 63 are taken as reserved. Blocks 9, 17,

18, and 27 ar e assuned to bd7bad. The bad groups are
given in a "dirty table" which is showm in Fig. 6(a)

This table may be generated the first time WO

2005/ 069288 PCT/ SG2004/ 000017 17 the device is

ﬂwvdeetde by ﬁo&@i&&@%&éb’uh@%lbkﬁ@ lotock8 dard 'ﬁ%ﬁh@ fHéebQ&Cbnes |

_ foll is the reserved bl ocks can
Seliowingy this, &g 1 NEtﬁ’a*?lOlCKé;Padbbﬁdief neﬁcenwangathabtfmk@o not
H&Mﬂﬂ)l@% t'l‘ﬁ@'b%d'b‘igf: IéY? Hé%' k%lcﬁf\l/)p%t%?ec{ fh &Jﬂee Phore
nore of the reserved ter at| Be
pé Jon gregrued Mmkéwéﬁemlvebl demayebe sregemenamﬁ vﬂﬁmever the
'ﬁ%ﬂé @8\9&%&3 mappi ng table is shown in Fig. 6(b). In
' each of the | ogi cal address regions 0 to 7

Sfln the left colum 31) is shown mapped to a group
eyaemenraddiessnimapping deblenin s'sre)un ifitFég.c6(hY.dn tifis @ase e@ach of

I d-t

Piloofe Sl 8sd B RRES T HERE LIl FEER SRewiigapped toa
Igadmﬂ hamtt:bly(m the mei_sillaecdaiunm GBpUThere dire 42 g}oﬂpsa éﬁ?llﬁ%’éb be
T TR N R A
tdneuabeué@bmmﬂespmvergr@u iAdic8X 04ptifon to this
sinple rule, because if the rule were foll owed that

%p moulﬂ i.ncl ude,one_or .nore bl ocks which were
Aot Orlbs, iaWRg e QLFPhE 260 CATHOSERST e tidockssAi,

I4lﬁ-3a41-2|a$1€%11alﬂoﬁle’ve§ hBwere bfe IE)'Idl:ks Rl1Gidh a'?@raneé&'égmn to this
%1 the first four blocks \

rglq, echﬁg itibegHle were fallowagrthat graus would ingude one or
@h
homeksaﬁwsﬁ?eazsaae”ﬁbs?g 59ty Ao oA Rrdfos are gver
iR gt slean table’, showmin FigbBéclof Fig. 6(c) indicates that
group 3 is made up of blocks 8, 59, 10 20 and 11. '
r I C .
%&%%(gf‘nﬂlé gr@%&q |£“sﬁ\§f>|§'°théhfﬁspﬁﬁ? blcfd’k'sebéx dle%?né & lt-ﬁ'oup 2is
tthe sgepRd aet of jew t('@@(sa‘h,sé &) acdasouwsainmwa\aer is not blocks 8,9,

10 and 11, however, because as mentioned above block 9 is bad. Instead, the

' clean table of Fig. 6(c) indicates that group 3 is made up of blocks 8, 59, 10

and 11. Group 4 is, according to the usual rule, the blocks 12; 13, 14, 15.
Group 5 is, again, an exception to the general rule (because blocks 17 and 18
are bad), and according to the clean table is made up of blocks 16, 58, 57,
19. Group 6 is again regular, i.e. blocks 20, 21, 22 and 23. Group 7 is again
irregular (since block 27 is bad), and according to the clean table it is blocks
24, 25, 26 and 56. Groups 8 to 11 are according to the usual rule.

Thus, the clean table defines the members of only three groups in this
example: groups 3, 5 and 7. In fact, in more typical embodiments the
proportion of bad groups is very low, so that the clean table is much smaller
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are bad), and according to the clean table is made up -
of blocks 16, 58, 57, 19. Goup 6 is again regular,
i.e. blocks 20, 21, 22 and 23. Goup 7 is again
WO 20§93%8 (since bl ock 27 is bad), and accor ACHHGR4/000017 -
the clean table it is blocks 25 24, 25, 26 and 56.
G oups 8 to 11 are according to the usual rule. Thus,
the clean table defines the nbers of only three
groups in this exanple: groups 3, 5 and 7. In fact,
in more typical enbodinents the proportion of bad
groups-is very low, so that the clean table is nuch

WO 200 /069288 PCT/ 004/ 000017 18 t
ﬁ@f‘r‘o{’\?r% BYo0% SoHiss: MgPP PRGBS THE FRETHHIR Riber obfows of

tma/ae@itam@&taéaamsatdmamgrbbss nunber of bad groups.
To indicate that group 3 is not accordi ng to the rule

TRAn AR B P 31 ERh cHosiRL Sp dRairlg. 1o e, adiress

iappity faid cbnifisu BNl i thavihied cbﬁifhr@%?t E\‘ﬁd‘"’é Q:@ﬂ'espondlng
table of Fig Ul‘tl(ﬁ\@ to refer to obtain the exa

m%?élpghn Bﬂ%ﬁo Oéﬁran s 8(fwhichy row obfhe; @l@a%am@gf Fig. 6(c) to
1 Lty 6 s S 08 ik f . ) e

ﬁm\@um\ qchegmo |I38aret rgspecively0gl, B(and thepn éhreemamesslabellmg

O e SRS By AT B B L B oss Ve "0

this case it identifies that the logical address is
WVbern the meastergcaitol adut esneivasga IWVRITE sinstrectionginstuicting it to

S PR RE Bl SRSk, MR 3468 e Bl f osica
G(dd)esshsmtmm&te bhicat @dﬂ%&gg@hﬁo qgmlctg Id;]g;?@;aﬁitﬂﬁes"s regtlon 0
S o BRERR ', 268 o(f1a Fwhiee Demsi PaispLapiyssses and

|giems fry Rtidhe6 (1) OsHeans Ghaie S diregp bidi ug'ist RupUP € The
gi ves )emas 4, 5, 6 and 7. Thepl o] |%§magdre§§)

. |%°"ieﬁe%n Ing fiag T 1oRlmpe3f 1§ BPLeR 9. it I netnecassae 1ﬁ0sccmsult

instruction is ten Into E
iteemoas 45.tthandradbe legicdl addrass Bda thurethgafoarth paghdn block

VIR TE

itAe tchanStaBRED l@%&h@%léé&%%&ﬁ& QﬁH'ﬁ‘\gftbngbg ?hl ek glves

If this page is in the erased condition then the data from the WRITE
instruction is written into that page.

If this page is not in the erased condition, then the data in the WRITE
instruction is written into the fourth page of the second block of the group at
the head of the queue 25, which happens to be group 7. The memory address
?na_ppingtable of Fig. 6(b) is then updated to be Fig. 6(d) by moving the group
number at the head of the queue (i.e. group number 7) into the column 33 at
the row corresponding to logical address region 0, and also copying the flag
indicating that block 7 is irregular into the same row of the third column 37,
and the corresponding data indicating a row of the clean table into the new
row of the fourth column 38. Any data stored in other pages of the blocks 4, 5,
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instruction is witten into the fourth page of the .
second bl ock of the group at the Eead of thedguggg

i happens to be group 7. The nenory addr
‘ﬁéﬁ%ﬁ%& abl gpof Fig. 6(b) is then updated tdPE¥SE0g/000017
6(d) by noving the group nunber at the head of the
queue (i.e. group number 7) into the colum 33 at 25
the row corresponding to | ogpcal address regi on 0, and
al so copying the flag indicating that block 7 is
irregul.ar into the same row of the third colum 37,
and the correspondi ng data indicating a row of the

. 3
6|am|37 :sﬂd:t;pte%dr gegspleﬁﬁ\ﬁl \hel %%ié%gfﬂaﬁ'éj gﬁé{oﬁﬁ Lﬁ}gup s{dl e.

'%gf%%‘gﬁ’%’qg@?@@ P‘Eﬁ)ggﬁﬁ 28%amsd &6 despectivelppi ed

respectively to the correspondi ng pages of the group 7
(f|subsequdnﬁlyr@%?lbﬁﬁct%ggsreé’éwéﬁ‘ ?F h%cﬂfa?;,cégmemmy address

I equen
%qhgge%sﬁ% ggftﬁlfc;j Z'@)éﬂvwlm égt;mgwesagm dhis meresyordiiteigical

fegiorl e 4MRE Ssre Fd?@té%mlHQé tthd rfé%n dedﬁper mones hat

this corresponds to cal” 5 9 40 tmé&heimemory
%ﬁsﬁé@anm@; d@blelepblgd B(d). This time efivRrem cAdHESS that
'Faﬂ‘i ThStI%ﬂ; é‘flndsfrom
coI urm gg@%{ corredslg'%g%%@cﬁlf'm% dn catghdhatrbisforayp is
imegelsruGnlugin B&dmdleates thdtathe ighbisp G§ QWPoWQ 'ef "tlgeg !éls@ row) of
lH ?;(g ndi t the grouplsm
R, Hifn o m}? ER: ek e mastarranin wiity theseleye atiracts the

biakeof tAEntave .o bidcks 297 26 22‘?2@(15‘2&“@%#% ool 8FER. 6(c).
'&"‘e ﬂeafiﬂq% ff§9rn Hegfougp @pge of the smconchblodktoh gfaupny (he. block

stgbhem%oﬁé dr'fiofaa8%h ggfsk rﬁé@% ;{R@hgé@r ﬁgd?i{q%gs%lts

eperates one or nore
&pécgﬁ%@ out ch tendie\ice viadhpintdréidesB. out of the device
via the interface 3. If again a wite instruction |s

If egainv2 trit® indthRtibe QH FREivER TBf %ﬁeaﬂ%g %? ﬁ%grggryr Sﬁ% B gthe

t trol unit 7 agaln examn
%ggie?fﬁn?rnqh Ynik 7 aoair yxmmeesmenmreggoha;hbepggmgh Oin the

T t hat . spondi ng gr,
@ém;r% tg?ﬁ%e%f ”Thdph l’Tcdolr{%t?rrlﬁ g? 'ﬁdl E@es-?"t“ﬁalt'%l'E g‘?%ﬂhat
cpcyres,ppnd@gm;pup IEng arastheflag dmtoiahnm BT indib@e8 14t 8his s group is

tgpkr :]J, t h cfor respondi ng row nu
'%bhe‘? Srh a'%?sgegtg‘?rﬁiﬁo tt hergfopR K exigacts @M eslumin, 88 the
correspondlng row number (i.e. 2), and obtains to the blocks of this row (i.e.
blocks 24, 25, 26, 56) from the clean table of Fig. 6(c). It inspects the fourth
page of the second block of group 7 (i e. block 25) to see if data is stored

- there (which of course, given the hlstory explained above, there is).

therefore, moves all the stored data in the other ‘pages of the group to the
corresponding pages of the group which is now at the head of the queue 35
(i.e. group 4) and writes the data of the WRITE instruction to the fourth page
of the second block of this group. Then inserts the number 4 into column 33 at
the top row, copies the (blank) flag corresponding to group 4 into column 37 at |
the top row, copies the (blank) data correspondmg to group 4 into column 38
at the top row, inserts the index 7 into the bottom of the section 35 of the table
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20 bl ocks 24, 25, 26, 56) fromthe clean table of Fig.
6(c). It inspects the fourth page of the second block

of aroup 7 (i.e. block 25) "to see if data is sto
WoapoP e

0P ch of course, given the history exﬁpgfsﬁé‘ﬁ“““"‘m”
above, there is). It therefore, noves all the stored
data in the other pages of the group to the
correspondi ng pages of thea2group which is now at the
head of the queue 35 25 (i.e. group 4) and wites the
data of the WRITE instruction to the fourth page of
the second bl ock of this group. Then inserts the

(ﬂﬂwﬂﬁ rmévéd”th@ FHRUBNsID Bhe),thSiet We "c@Wesﬁ&fdlﬁg? ﬂéﬁ ‘i’nto the
(bl ank) flag corresponding to group i nto colum

mttonu r@vtoépolumn 3% Gideeppiee tfcq)pam@pqmrw dater @&%B}ﬁjbﬂ@om

:Q%dﬂw nto colum 38 at the top row, inserts the
ind&; ?%the bottom of the section 35 of the table

WD 2005/ 069288 PCT/ SG2004/.000017 20 (havi ng noved.t he
Notecthat thesflaw comegpangijrigete thie pmasesp @irapsigdentieal | |t<mﬂ@at of

4, AR 330058 oo MroBBE L 5w s o

Nf»t@s?ﬁlﬁﬁtlcatw quﬁa??ﬁth?bgmdbmgg tdaterl'nusecbmstﬁrsm ’dhe logical
most i ca

Sudery o BriaperoBy htesd rosriind e B E Fidop. e

GBtefmired d>ﬁbb’£‘aﬂr’£u<i?gl| uslrfgsﬂ'leaméiﬁowh@ddfewknémnﬁg table (e.g. of
det er ni ne JUSt fromthe | ogical , address a

FasoSPlaet 868) AR ARHp & &8I SP@“@“Q&“’F‘PQa“g)detﬁm‘i"éng the

{
gg%g% n'&gﬂféj\gféﬁp‘{%ﬁi fHenrﬁleU%rﬂga ﬂh% opre 6( 3 ;jécflgﬁlgb?aloa the

mereny cRslsoensi mgp@lngapbleaﬂ@nuéh%rw ringiigateddn 1eplynp cids of the
Yeah bl%rcﬂg@g (é([:ﬁnl\fslae i &Eﬁs 8 c?r 'tﬂe Féf&e?l@e t3 tﬂé‘?ﬁﬁrﬂueumg

I n co
brasin shogld invthisrafise atteedndeqs’wldum aagferﬁncdn éo the eamesponding

- o Y PR yBblaroCh . b8 bR Stne for OF sbBIFL 55 tne

unetrost aitlessamapping éatdejce to t he corresponding bl ock
of the first queuing group (i.e. the group at the!top

g B Rl Paet PR s B v btveen

dpgicalt &airééseregmlargi fespeetive ghoagisosf blacie: @smgicexyy marate
a%quer 1% o(\elvC IeVeern odo mgﬁt r%falpg ||89Q,c§| adadrleggescv%{ﬂ% 3)0 glven ‘foglcal

address region to respective pages in the corresponding group of blocks.

One possibility is for the correspondence to be what we will call “horizontal.
This means that the consecutive pages of the blocks to correspond to
consecutive logical addresses. The final page of each block (except the last
block of the group) carresponds fo the logical address consecutively before
the logical address corresponding to the ﬁrs_’t'page of the next block of the
group. Thus, for example, an amount of data which is slightly larger than the
number of pages of a single block, will be written to the memory' such that the.
beginning of the data is written to a page specified by a logical address, then
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#nvent i on master contro

i ssue is how the enbodi ment maps | ogi cal addresses
Wi thin any given | ogical address region to respective

wWe9RS nédlsd Ne correspondi ng group of bl ocks. @%ggl%gmmooon

p055|b|I|ty is for the correspondence to be

will call "horizontal™ Thi s means that the
consecutive pages of the bl ocks to correspond to
consecutive |ogical address@3. The final page of each
bl ock (except the last block of the group)
corresponds to the | ogical address consecutively
before the | ogical address corresponding to the first

pensecefive pagereafithe Iblm’ik are virittenfo 1@itid e bibak $s e)EPPJusted then

u at a |ch s _slightly |arger
A PieRin RofBBI &1 et Yten Gt Fistsiasien ot e peralock
witten to the mermry such that the begl nni ng of the
Hawavers thisi isteot the cmlypzp@esﬁﬂm@l i £brverred RICak fhe second

81‘}{.%&‘ nt 2(? 05/ 069288 PCT/ SG2004/ 000017
conse TR E%é'é‘?n PNy e BIRSER qantroluiinitimay aperatei such that
ﬁieelogicabkonrsspmﬂdeusé of ackfses! B A RIECROGRRL LPBIRks i

t en to the first
B’Iegt!ﬁ?? Spy R@%’h’ {aﬁﬁlﬂ@lngg f%thetwemﬂ 9xepmple1 thdtlthqre are four

Blopk<ines Q%nfg%lﬁﬁ)%e fing féﬁlclgp%al 5{@%&%&% eerrkqggﬁd to the

unt
§hPages ﬂfgeqi@‘gpf:'@le blecksel po thikefirse Iotgﬁca’lcbﬂdﬁééseﬁ) thlefirst page -

BRI PLopHS PRl 1 85l Pyloel Sokirestuinshe retzage of

th@e!ﬁ@oadeblbdulof the godup; larndasclcmntf@r PleR fdd?eloélbélséddresses
i rst

8 558 S5 e P St bt o
adiifess $o me tsbeorid page PRdRe ‘ﬁré’tfblb!?l{3 of i tﬁﬁ g ? céﬁ of; é@h@glcal

the second | ogical address to t
T PRt BE SREORN GRS Bf therescansiblock:pthecrouy; ancheo baxt

four |ogical addresses nmay be mapped to the second

-] tifis esrcdthaf e thé oglastdri h | #t hebQaLcal
g&%ﬁm&s Walgnd page E)éfr tcﬁr(wetrc%ll ?git z étg fL';gsi}'hOf four
gr 64 g \{angogg? t?‘Pec{:r%ﬁG%?aP RItRspeading Fwe@év,eimdtopseﬁ)ectlve
phgdshef $s pashdRline t ged 0

&)h?s ando(#hgfgb ; tbllﬁdgkrsragﬁgrbg%&tr gc'g%d %Praeeﬁ“gen set of
gical %%ﬁes bayR elhgt isame ooffsedl vahilér emeesur@af countmg
RéYiZc es of t

T oI e B ¥l e Beb RSk (Fs 29 tdpsnform o
§8{“"Uf in E'@@Pb)éﬁlcaiaddmsepaae) have the sane of fset

val ue, neasured counting -

Fig. 6(e) shows what happens when a certain amount of data is to be written
to a location to group 2 (i.e. blocks 4, 5, 6 and 7). The logical address to which
the beginning of the data is written has an offset of 17 relative to the logical
address which corresponds to the first page of block 4. That is, the logical
address to which the beginning of the data is written is the 17 pages after the
first page of the group. These pages are counted vertically in Fig. 6(c) (i.e.

first down the first column of pages, then down the next column). Thus, the
page with an offset of 17 is the one indicated by “A”.
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hori zontal ly al ong the pages of the respective bl ock
(i e. these pages forma "colum" in the physical

dress space). 20 Fig. 6(e) shows what happens when a
"8812?"50?192 unt of data is to be witten to d’qT&F&{'?“G’ﬂ““"
to group 2 (i.e. blocks 4, 5, 6 and 7). The | ogi cal
address to which, the beginning of the data is witten
has an offset of 17 relatige to the |ogical address
whi ch corresponds to the first page of block 4. That

~is, the logical address to which the beginning of the

data is witten is the 17 pages after the 25 first
IR thémmtm% Bﬁe@gleHPdatghl%ﬁﬂhBQﬂ@%rélfpﬁscébﬂié&Eb tbehtlbﬁélrt droup

first first -col um of

aamg@;atect btethedmeﬂwéemé&ﬁw therdatain de write papisgids written

b PRBe S b B rtted % 0 05 FEhB A BRI N Then & aata

mrtbe ald block eddtich kripring behashedgregion B6 folimvied the region 34 is

{ons W%‘proup 2 indicated by the hashed area 32.
WEIRRtH in the wite packet is witten to-the

pages in the hashed area 34 (i.e. starting at |ocation
A). Then any data in the old block which is in the
unhashed region 36 foll ow ng the region 34 is

GPLR 8 A B o 04 e
fesetﬁatbtammﬁmrdm%d;imngm, tblut gtjﬁtlh Smhﬁt(dtgpamllr}lt)Ed:hﬂféreneacm the
Hist Ppb R Bie i OUPIVRE, R DRI FomsEistdt, et Gasis e, mapping

BBfifEd iRdse QﬁémGRpl%ldBﬂashalhbﬁpih ®le henBedehatiydddadi data
contained int WRI TE i nstruction to be witten into

gontaingdi uarthef\/\HEE restruciipe dr behwekepeldmaslosatior ichiteg new
HAIR 1 R FUSERR viRnENESR) Rctls, WMty o
icopying tdada Ifipm doe gestdefdtheocldabbpe infst ithhre dnew tptoakoiss partially
}Qﬂgﬁ%:&reg%%a %?&d!ﬂ%fﬂﬁte% gg& Wh%ﬂ‘?er 41@ thr\Rlﬁ??%tiritﬁfuctions

y space are receive
$1Dpéct:aﬂthg sameppg®e of ket manmRy SEacesre (addiad. | S
received indicating that data A is to be witten a

SHelctcBny, WWhBake fik %%1@ AR for Esglt%éne'\f’éd tnﬁﬂita\%ﬁb that data
VI teshps nrittag atmertdlmtdgldaj add@espoSeppose that that Iog|cal address
is in a logical address region presently corresponding to block 0. Suppose
further that the logical address corresponds to page 4 of block 0. Further
suppose that the erased block at the top of the queue 25 (of Fig. 3) is block 3.
Fig. 7(a) shows a portion of the physical memory including blocks 0 and 3.
That is, block 0 has data labelled as X stored at page 0 to 3, data labelied as
Y stored at page 4, data labelled Z at pages 5 to 7 and then the rest of the
block is in the erased condition (shown as “0%).

According to the first embodiment, this WRITE instruction would immediately
cause the physical memory in blocks 1 and 3 to be as shown in Fig. 7(b).
That is, the new data A is stored at page 4, and the data X and Z is stored at
the pages of block 3 corresponding to their previous pages in block 0. Block 0
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further that the | ogical address corresponds to pege 4
of block 0. Further 20 suppose that the erased bl ock

of the queue 25 (of Fi 3) is block 3
xﬁfl)_ 650%?92%0 9 ( g. 3)

. shows a portion of the physical memfySG2004/000017
including blocks 0 and 3. That i's, block 0 has data
| abel l ed as X stored at page O to 3,.data | abel | ed as
Y stored at page 4, data labelled Z at pages 5 to 7
and then the rest of the block is in the erased
condition (shown as "0"). 25 According to the first
enbodi nent, this WRITE instruction would i medi ately
WU bbf@'aﬁéds(?ﬁél' aﬁmyrebfeéérﬂmgs ltlwétﬁlé bt &P thE tftom of
shown |n Flg That 1s, the"new data A 1s stor:T
SECiRyeS af Ené)the data X and Z 'is stored at the
pages of block 3 corresponding to their previous pages
IHbWHVRE, MtheﬂrﬂerﬂbM@@f R828%eRhdrd 832D gé 9@%% Iy is
23 woul'd be erased (and an i ndex representi d
irstead infially fevsittenfto kaas isbawas lrbiFlg:| TYc). Ihat Hvibeedata A is

t
%o et ST oo e IS KNSR BB DL Bt e
idataFZds ndl(yjelt .copledt toi pages hiﬁetodw of blodki®s The s»yetdnﬁ eEmaiAs in this
,and i at copi ed to es

Rfadtafion Rird g pedoH oo\ et 1y s sosh 8 P8 Berion no
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hmeSpendian 5 9205 & ot Bk Then e sbisen s completed o
lgﬁvé ﬁfépd%ﬁé sﬂira%@%hbﬂg'lﬁﬂ . Al §3Swe G Tf%@ﬂﬂé‘%@%eﬁBd a new

hen the wite operatlo

'é/é/ T%ﬂrz,sarusson@s gewqdhwh@btladmmegmtm |sr1toFbeJ stored at

instructron i s rece
twWittn ot RAgedS af bledke3 | giging 4he adhta eﬂeragevshcmn eSEigN@(d)g The

t"‘?"é*""%ﬁ‘@?’ fpedy 2Gtim o dERE arB 0T Gobide Shown 1n

% 7(d). The tinmer is then started again to define
f Ryvihei ens ptthipdperiod ng be’Sl'leirth%lﬁ'E s@nahhas beehadcsived in

d celved in
Jl%gg %Tg%’géle%@rg ?o@ ﬁgttg RGeS &F Z‘?&gﬂ %c‘%e“ the
3Nnieheperat|m :svrommleueermtgm the datzpktirage tshodhvia FRE 7(e).
Cﬁ% \§etr0[ifa g&rmsgh%ls penod aq new( %RITE instruction is received which
indicates that data C is to be stored at the logical address now corresponding

‘to page 6 of block 3, then this data B is written to page 6 of block 3, and the
timer is started again.

468)ogiddP ¥BYRIss Holw %és@g vjj}ﬂg a{:ﬁ%l@?lﬁ'gt Mgg;%:‘ sgata B is

This process may be continued until the last page of the block 3 is reached, or

a time period goes by without a WRITE instruction being received indicating
data to be stored at the page following the location specified by the preceding
WRITE instruction. Note that it means that data A, B, ... can be wrltten to the
memory device much more quickly than in the first embodiment, smce there is

much reduced need to copy data. For example, during the sequence of steps

- described .above, the data X only needs to be copied once at the very
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However, if during this period a new WRITE instruction
is received which indicates that data Cis to be
stored at the | ogical address now corresponding 20 to

WORHSSEIYB bl ock 3, then this data B is witt®FTS62094(e0017 -

6 of block 3, and the tiner is started again. This
process may be continued until the |ast page of the
block 3 is reached, or a time period goes by w thout

a WRITE instruction being received indicating data to
be stored at the page foll @i ng the |ocation specified
by the preceding 25 WRITE instruction. Note that it
neans that data A, B, ... can be witten to the
menory device much nore quickly than in the first
b@gﬁﬁﬁg‘fﬁ@ma@r mow mhaay VRITE imstructieduardsubseduenthycmppived

dat a. exarrBJé duri ng the sequence of steps
'Hé%scﬂqcb °°’1§SE Ve PFPSata X only needs to be copied

once at the very WO 2005/ 069288 PCT/ SG2004/ 000017 24
TROAGRI diggragh RERGNN O Wiges)yaRdTfers fedrmURig) 6ronltwrie that in

Sni b rosenL By g 6o b B S e s

|
nfl et&% oLcd SH"Rmstgla&SC@ 023 Bbsbrd_s fhd ba%;elum reégbédlglssé SuHich Mé WRITE

mataucpmgaewas secaiveth @@IQPP!ﬁdo@&ﬂ(ei new bé‘lg@‘é k. )bl%@f 3. ea“d the
a [ E t

VAR P CEpl o UG T B b o

ensmbs;imadlr@atoathlenlogimal WRIEES. Isstepcd itds determinedtwhether the

th bl:ock

[a36 G St e bIRRK s 2o PERBERE, 1 80 fheldilice proceeds

tdﬂ@te,o:cﬁtm?%msgf irf Sepntovt geﬁcga&tmmeewhemém tveithin the -
SO e aeviC t

eradeismired 'H‘estaeﬁe‘i’g\l\%ggg‘g§ﬁﬁé‘%i%e8t éﬁ\@ in respect of the

Waat dpsecivid bdhd dfthe ReRORGEK. T §8dhé embocnmeamww@sﬂiﬁe data
|nstruct|on is received in res ect

of ne
thate de sten &1 pagdosps bREK freafepl $clk not fin g'gep t'l@ethe embodiment

g@%‘é 'tﬂ@é@st\effgﬁee??é&eoﬁﬁé did E:l'B@R? d. fén%h%lﬁbablasaményosﬁér the

nbodi nmen
dm'met heresepsct of whtigh pa‘@@dTﬁfmsmct@ru \AtﬁSOEﬁ@e(wedé Step 13

Pl e\ i 4, 5 B0 RS drga and e
%mo@&nappmg@ﬂm@s&abb isupgated. of Fig. 4. the old
bl ock (block 0) is erased and the

Note that if, at a time when the embodiment is in step 10, a READ instruction
is received in respect of a logical address in a logical address region which is
currently the subject of the flow of Fig. 8, then the device should read the data
from the correct place in the physical memory (i.e. from the new block if the
ipgical add(ess corresponds to the addresses written to in step 8, or if the
logical address corresponds to an address which was written to in a preceding
step 9; otherwise from the old block).

in certain forms of this embodiment, the device may proceed from step 10 to
step 12 also in the case that in step 10 if it determined that a new WRITE .
instruction is received which instructs data to be written to any logical address
other than the next consecutive page of the new block. In this case the
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menory mappi ng address table is updated. Note that if,

at a tine when the enbodinent is in step 10, a READ

' is received in respect of a |ogi
vgggéoé}égﬁé n a | ogical address region which is P%E@GZOM/O""O"
currently the subject of the flow of Fig. 8, then the
devi ce should read the data fromthe correct place in

t he physical menory (i.e. fBdmthe new block if the

| pgi cal address corresponds to the addresses witten
toin step 8 or if the |1ogical address corresponds

to an address which was witten to in a preceding
pregesding aff e néve SWRITEinstrectivl cén beegul Tflen tieefibwion Fig. 4
fornms o{ this enbodi ment, the device nay proceed from

5 E6YREd,  step 12 al'so in the case that in step 10

if it determned that a new WRITE instruction is

n\mteltwadhmh@n id typidaiigtsst t&ﬂba &odoer wrfbivt mnhsfe‘éoﬁﬂy such as
a%%yﬁaé q{)eg ot her thg e next_consecutive
mew b Be kdeyiget i sdigermnadtad V@@OGB%BQQBSWIWH the

- PrddeiEnRindd 9@@6&15&&2@6@%@9%”@&&?{:% féel‘@'gs\éﬁba'zthen there

instruction can un after ow of
doapiangss of Apadaingiost.Hdowever, byssetijng thel pn;edsarnumechpenod

RE'He0t RE oRieh BnsdLRREORAS ShOh A bocP Ut FIE il the data

device 1s di sconnec romthe hos
prit der eenimelyd sioeed.oNote ttkat thee thied terBbdifaenh ifr thet invention

L LAY

lte zeto.t he order of mlliseconds, this should not
occur, and thus all the data Wi Il be securely stored.

hat h t hi.r d,.enbo nt . of inventio
Rk B bah . o e TRBHAATR R Ol 8 PSR Py tre v
reradedisent, mopﬁhlembmagterﬁ@idye a@her. Ve turn now to
a fourth enbodi rrent of the invention. Like the third

' nbodi t i per. The .
CHREHlBRR ol Sl SR SRR TRk SRR g fan st jenich
rrecewes tthenogivali hd&vbsﬁé?s gx@aetate vyt fhe hidtscontrol unit from

t he mast er control unit from

i\g%ﬁsestrﬁ Paoth o%%gl £, cafirin ghase ¢l aPAaiens dhef pattern
OfeRbghteN unitotieas tR&Na certain logical address appears much more
frequently than would be expected, then it writes that logical memdry address
into a "frequently usgd logical address" space, e.g. defined in the RAM
memory of the master control unit. More generally, the frequently used logical
address space may 6ontain a plurality of such identified logical addresses
having a high frequency. The pattern recognition unit may be programmed to
strike logical addresses out of this space when their frequency reduces,
and/or to replace it in the space whenever a logical address is identified
having a yet higher frequency of usage. Thus, the space continually stores the
logical addresses which occur most frequently in WRITE instructions.

The master control unit 7 maintains a cache RAM memory for ea_bh jocation in
the frequently used address space. Upon receiving a WRITE instruction in
respect of one of the addresses stored in the frequently used logical address
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|
recognition unit notices that a certain logical
address appears nuch nore hfreﬁuently t han mougg 2:8
expected, then it wites that |ogica menory addr
WQ]?O@S/%”erequently used | ogi cal address" spa®€T/S620§4/000017
defined in the RAM nenory of the master control unit.
More general ly, the frequently used |ogical 20 address
space may contain a pluralitg of such identified
| ogi cal addresses having a high frequencyi The _
pattern recognition unit may be programmed to strike
| ogi cal addresses out of this space when their

s @wmma’sﬁt&ﬁr&ol uRin 684 nbﬁnﬁtf?ﬂ% W?fe 'tlld 'drété antgﬁ’l@ﬁ ‘?n the

never a | ogical address is
M"g'ﬂ &r instrdgfipm o dhe dlaakyenermpiys devies: lﬂpaeaﬂ abmntew’ddeﬂt y.-iata

LGRS o mcky 0, TSRS M S 4o 0 s o
@ﬁtetrmmadabmtm times I aduringRhEt tamepny fuethes AWRITR G&tiuetion is

ksl i BB b of B e AR P A Hiicel B reenat n nespect

stz st Sl o9 0o o cace
2005

t"ﬂ rfﬁ%ilﬁ'vg)"&%'ﬁ‘wyo?c%ﬁf ingdelenprocess ﬁﬁwnbedmabp\ee umeelatlon

day a;fcm@tﬁadtrtaothir@ érﬁv@odu\%@htléﬁoﬂ fhat lhb!&ﬁtlo?{‘ ff o gﬁ«{‘&her hand,

f menor devi ce. | nstead It wites
fiﬁ'flag tthe Rrsdeterpined; ngn%@n@themymf’é&nestmomn i remmed in

t
e s ol e 64 85 rtTo ki o
rd@taepwwnédrln that W%ITEomB’(md:tldm@ tlmrisametnkmatlohfltsacache (i.e.

PRl g S5 Vet GiREF bl 0L T el e

disnenés thentrestattedf | ash menory accor di ng to the process
descri bed above in relation any of the first to third

BTG e 8 EHEIED 1 e AT e v
umsthctlms mrrespea:temfethé@meﬁlobﬂ:taﬂ ﬂ@éﬂﬁ&? é&fdr&eﬁ?t %E?d apart by
ster contro

ﬁ%gé"e&%qe rgéﬁ’i’s‘?i?*h F‘ﬂ"‘{?fq'i*?d} harpredeiaminar fmsnsel ytibe timer,

- sheraumbenbf tbsel WRITENSstfictiBns vﬂﬂ@H W‘ i thalge tahg:oijﬁ?)tuif‘a’uonally

s witten. there due to t. first wit

| ﬁeﬁ'&'% WrH@ operafion todhe ﬁ@mqr&ﬂeé(icﬁ@omllmbw it will

be seen that if the device 1 receives a |large
Mhetstructire \WRbAR of the master control unit 9 is shown schedule in Fig. 9.

The master confrol unit 9 contains a section 51 for separating a WRITE
instfuction_ into a logical address and data to be written to that logical address.
The logical address is sent to a pattern recogniﬁon_ unit 53, which uses it is to |
keep updated a frequently used address space 55. The master control unit
has a switch 57 which determines whether the logical address of the WRITE
instruction just received is in the frequently used address space 55. If not, the
data and logical address are written at once to a unit 57 which writes them to
the flash memory 9 according to the method of the first embodimenf. If so, the
data is written to a cache memory 59 and a timer in timing unit; 61 is set
running. If the timer in timing unit 81 reaches the end of the precietermined
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15 instructions in respect of the sane |ogical nenory
address, spaced apart by an average tine which is
wWOYRKE/ 0B the predetermined tinme set by the fi > 004/000017
the number of those WRITE instructions which Wil

cause a (conmputationally expensive) wite operation

to the nmenory device 9 will_be low The structure of
part of the master control 2fhit 9 is shown schedule in
Fig. 9. .20 The master control unit 9 contains a .

section 51 for separating a WRITE instruction into a
| ogi cal address and data to be witten to that | ogi cal
retiedeuithouthieing egetagaindhe«data and sarespprdinmiaginah address

418 TAESEH L it o i oSl Syt . bt ¥inmoue Fi
Yehshaws oniyta sihgle timisgiunit l6157thahtnming:lmnteemtym@alwwrit@ihs a

f t
SA5el 08 il AYUEE Voo AR e KU el s
Ibglcabaddltelss spme,aaa:mdorl egticabf tEdeeRgical %dﬂféésb@rthéFe is a
o a 5 it 57 V\:hl(%h wites themto the flash

rﬁg%t‘:tveg:ag & TNy 193 PRe net hod of the first

enbodinent. If so, the data is witten to a cache

IfrmREﬁES%amd:tlm ig FGHeNeﬂ &i ThRB3/deterfindsSwhBther the logical
r n|n tgetlmer timng unit 61 reaches the

efﬁ aones ﬁ’i inipetes ey sed address space, and if
Mét‘é@uﬂ%/\ﬂﬂ@lﬂéﬁ thezgor&%bbﬁéﬁdg %’g‘grogl firf P§8t it reads the

ain, the data and correspon a dress
‘ﬂ)%é Jeam e sqiresnengingrGashe caemers 89 othenwiserii useésra um&? to -

) L 1o 9", LRI oo

| d%‘m@dchy the memary faddreeaahappaagetable/e =) @gcmingaﬁﬂﬂﬁsﬁ%ﬁhod

h ad S
0l S B bR (o L et R oL bacer
whishde transmittedioeit oktierdevicedhidwgh tHef inferfacd3.
instruction is received, a unit 63 determ nes whet her

FhE 1A% 0, B kol Bheb REFPY 5 o8 e oo o
Rige Stiwyr aretinserted hﬂweadlstlag)stz BBTd 3 9n Fggwrs (hd péricithed by the
rrespondi ng cache nenory

LSR5 5040 TeldidPL b Fipy 8633 Tnseist bagvasm stops Jnend

Bhﬁ Fig. Eﬁsi(amﬁflﬂiél‘fﬁrn%cﬂﬁyﬁﬂfe%mgGBP nhfs@e;ssov ra%a@ 848 which is
|ned the nenory address na? l e
3’5‘ 8? otPngyet Bage ds e isfisgp in the las E lnstructlon received in

respect of that logical address.

Whenever the unit 53 removes a logical address from the frequently used
logical address space (i.e. updates unit 55), the data in the corresponding

location of the cache 59 is written to the memory 9 according to the steps 5 to
10 of Fig. 3. '

In either the third and/or fourth embodiments of the invention, the .ﬁmer may
be arranged such that the predetérmi_ned period which is only a few
milliseconds, such as about 3ms. If the device is disconnected from the host

within the predetermined period after the last WRITE instruction is received,
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: |
of the first enbodinent). In either case, it encogdes
the data into a packet which is transmtted out of _
t he device through the interface 3. 15 The fl ow |
WP 2P %% the enbodiment is that of Fig. 3, RGI&K3004/000017
that the steps of Fig. 9(b) are inserted between
steps 2 and 3 in Fig. 3 (and perforned by the wunits
51 and 57), and the steps obk8Fig. 9(c) are inserted
between steps 2 and 5 of Fig. 3 (and perforned by the
uni.t 63). In steps 7 and 9 the data which is witten
to the page is the data in the last WRITE instruction

theRetned ish a 2hrigesPect dath Uéﬂ{ liogH Cﬁbw%dé:f e§§ setting the
Whenever the unit 53 renpves a g{sé: dress from

preeeteraiedmearipditede of tei eraer afimilisecondacthig sheyld not occur,
HREBRS MBS da) wil B8 ol b, ARG RO Rl and fourtn
avboditiants Dbtl'leHevmtemsesch redube tofth&ifigst e'.Bnbcﬁ:?mlent in the limit

j .hi / f th enbodi t t he
&n\bg%ﬁ?éﬁq&rﬁlﬁé& EF a )9 o%ergr ?angeldrrgnc?] ?hat t he

predeterm ned period which is only a. few
Notd thaboomelsf the mrhbmﬁnﬁm@deﬁ:r&edlébdvbeeqlmé aolock allocation

i SC ected.fromth Wlthlnt predeterm n
o ARG Q1S ik Mnoafiman arel el WIS USE S8 Bsbie).
WO 2005/ 069288 PCT/ SG2004/ 000017 28 then there is a
Alih@gh ohlyda tfew lerningdinuestts dfitheiaventioy, Baid begntdiscribed in

d d to be of the.ord
P i Feit. GGy vERFions: o Bosmkle AT 16 SrePe AL theinvention as
dmnee vlehl tdg skfled F&hders For eslambie, ehé Raituldaorithi rs@céﬁ@' third

rth enbodinments of the invention each reduce t
if@'ﬂ%@”&?@w»ﬂ%rﬁan feadily pergambinediin any combmatlon and

~ mdﬁgﬁtﬁérﬂd?ﬁ&in%n' gt éJIO{H%gféa‘?urégr@esqNBEa G@Smﬁgr}ﬁe Qertical

he enbodi nents descri bed above require
ﬁlhr'@@mheowagetsaﬂtbe OEPURfoOPIoBks)de peefarradnﬁhws afr embodiment

* PRSI ER S SRHShie KR b BURE s ghen

reppegtivanidrotps epmpasedvelr aapiucaiidy a:feblpolﬁl inl whmht thien logical
I pven as 10.will be cl
aEreBEe Futln 4 BFehORal S8 febith oS8 gqudimd withn o
:gammdf bloeks,din wahidh fap dirsthtiraeh e Ginak it Bsédifo ls@8pehy cbpying of
{rb* ned in élrs]% conbi nation, and
rom an ol oup to a new group, and in which a second: (optionally

different) timer signal is used to suspend the writing of data contalned in a
WRITE instruction to the flash memory device 9.

Furthermore, in the embodiments above there is only a single NAND flash

" memory device. However, the invention is not fimited in this respect, and there

may be more than one NAND flash memory device which is operated
according to the principles of the invention described above. For example,
each of the NAND me'mory devices may be associated with a particular
respective portion of the logical address space, and there may be a variable
mapping for each NAND memory device between blocks of that memory
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i ndeed the conbination of all the features.describéa" 
(including the vertical filling of the pages of the

':éﬁou s of blocks) is preferred. Thus, an enbodi nment

200K86%P%vent i on can be formed in which | ogi PST/SG2004/000017
‘address regions are mapped to 15 respective groups

- conposed of a plurality of blocks, in which the

| ogi cal addresses within a2given |ogical address

region correspond to colum within a group of bl ocks,

in which a first timer signal is used to suspend.
copying of data froman old group to a new group, and
deviothial R3sSEARBIreRPAS UTAHeY coffed ' hg"Bbi
IS used to Euspenéi%he mwitingoo%lggﬁgﬂ%éﬁ%%?ﬁég%?%ngma|
TGy SHACRhst ructi on to the flash nenory device 9.
Furthernore, in the enbodi nents above there is only a

A4 LRI ddo?sh thi®TRNShtdRY | i
invention is r?ot’.l P%et eqé{-!t%%t ﬁﬁggy r%gs)g@@,émgh%%t Net e UsB
sanpegiomoraithohain iois en oiAlDIted ds Hhiseespegctd Bvis peefairedhthat the

r ] f rinciples of the,i tiLo
388 Lo TE0EIEREY Ind 8 B Balh Spraolt UGHEP. bif e
preaemtyitn_devtimemta_msbe bfﬁ pﬁﬁ@ﬁisd_twiﬂr \dnggotﬂep geisidhsl af thde usB
r.espectiv ortion o . | ogi ¢ ress space, an
?tﬂgg%r%rrﬁ'ﬂp 3"3(/‘5‘?98515@"&\?&[%? h%rq@ceg a\'&?h Brenory
devi ce between bl ocks of that nmenory WO 2005/ 069288 _
HET tRa2Derhbb0 68datity 28 thewdesdeeaizchdteipmitel WitinftBeiseBge oF the

R SRR BB s Bt M yiporomarayvpialy at least

10mbgiee Ndtasast1A0MbBYRR ofeVdIeat lealt 1GBYikhough it is not
limted in this reSpect. It is preferted that the 5
USB standard enpl oyed by the USB controller is version
USB2. 0, but the present invention may be inpl enented
with any other versions of the USB standard, such as
any versions which are introduced in the future. The
total nenory capacity of the device is not-limted
wWithin the scope of the invention, but is preferably
at | east 1Moyte, and nore typically at least 10

10Moytes, at |east 100Moytes or even at |east 1 CGoyte.
LLOYD W SE :



30 Cainse 1. A portable data storage device
including: (i) a data interface for transferring data
packets into and out of the 5 device, (ii) an LLOYD WISE
interface controller, (iii) a master control unit, and
(iv) at least one NAND flash nmenory unit, the
interface controller being ar$¢nged to send data
received through 10 the interface to the naster
control unit, and the master control unit being
arranged to recognise certain data packets as
encodi ng READ instructions and other data packets as

g WRITE instructions: (a) upon receiving a
READ i nstruction indicating a | ogical address, to 15
access a nmenory address mappi ng table which associ ates
| ogi cal address regions within a |ogical nenory space
with respective first physical address regions within
t he neAgoytabie datat storageddelatcaninctustingt physi cal addr ess
in the nenory unit corresponding to the | ogi ca

addr ess, ac ordln he ad table
PO r o B a8 Ak F°rARSR R, CBRD RafRels it A But of the
5 paekess 20 |nclud|ng the data which mas read, and (b)

upon receiving a WRITE instruction indicating a

| ogi cal., address and data to be witten to that
| ogi calil) apdriesiaceconielieh i ne if the physi cal address
corresponding to the | ogical address according to the

nenoryil%déjﬁ@%%rmm Deittakd e is in the erased state
and: YD WSE 31 if so, to wite the data to that

physical address, or if not, to nodify the address
mappi n@V)t%tUBéSﬁQﬂ%UGMEUﬁa%me@'N With] ock queue
listing one or nore queui ng physical address regions,

to assfh%i H&ridce controller being arranged to send data received through

10 the interface to the master control unit, and

the master control unit being arranged to recognise certain data
packets as encoding READ instructions and other data packets as encoding
WRITE instructions:

(a) upon receiving a READ instruction indicating a logical address, to

15 access a memory address mapping table which associates logical address
regions within a logical memory space with respective first physical address
regions within the memory unit, to read data from a physical address in the
memory unit corresponding to the logical address according to the address
mapping table, and to transmit to the data interface one or more data packets

20 including the data which was read, and

(b) upon receiving a WRITE instruction indicating a logical address and
data to be written to that logical address, to determine if the phy§ica| address
corresponding to the logical address according to the memory address

mapping table is in the erased state and:
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second physi cal address region which, with the | ogical

address region 5 containing the logical address, is LLOYD WISE

t he queui ng physical address region at the head of

the bl ock queue, to wite the data to a physical

address corresponding to the |ogical address

according to the nodified ne y address mapping

table, and to copy any data stored in other portions

of the first physical address region to corresponding

| ocati ons of the second physical 10 address region,
wherei n data defining the nenory address mapping table

i s st of &g, f@sWFlﬁ@etbQidﬁga tathatiphysigal addieRs.nory uni t,

the master control unit being arranged to nodify the

ma I N t J i i . . i

abl e 585 oty FRfatlcsp G TR IR cBRAarTeAR S blook
aqueuw fisting/pne dremoge iquieuingt pllysital ddtress regionshto associate a

mappi ng data fromthe flash nory .ynit apd.generate :
T PRRoTS A el LSSl Wiibne Wit e RaidHoaidsSs region
5 : e e : : ! .

o7 TRAMLIR BERGHRele 1 b MR 808 e o e
resqrbcof vibeplpjedkc afueltdr ésswriteyi the adataato| agipkyeical address

address reqgiqn j,s stared w.thin_that.physigal address

P Sponslith 36 Al JodESE, atltetion gt e, 6 g Smemory
t H@dreBE MhashiAgitabletlanti tddcdpy any date Btapsy Sh GaherapieHtions of the
region is stored in the control data storage sector of
ofiist physigaladsisgss; region ke cpmgspanding lpgatians petiepsecond physical

deyi arding to any preceding claimin which the
fgwr%\%sﬁé&ggl d nodification of the address nappi ng

table, the block queue is nodified to 25 place the

first whemsicalatadefining thegnemoay adteessemappingt tableblsostkred as
queue. 5. A .device according . claiml1 i i t.he
PG aB et PR ERgnoniit fué misroa i iibeyis arranged
Sf@hﬁ)diﬂyLﬂéDrer‘éﬁ% Jatd upbndvtiFEng cBier theRtbry caddrassnriapping
or claim5 in which a physical nenory space, L
ctabie;ianchyhergin the siasder canirab 4i9itis grrangednapemeeing initiated, to

U IoApaly B4, 550 58, Ol ShBanrate

memory address mapping table within RAM memory.

2. A device according to claim 1 in which the portion of the mapping data
. defining the mapping between each respective physical address region and a

logical address region is stored within that physical address region.

3. A device according to claim 2 in which the mapping data relating to a
given physical address region is stored in the control data storage sector of

one or more pages of the physical address region.

4. A device according to any preceding claim in which the fpllowing said
modification of the address mapping table, the block queue is modified to

place the first physical address region at the rear of the block queue.

5. A device according to claim 1 in which the queuing physical memory

regions are in the erased state.
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cannot becone associated with the | ogical addresses
under the operation of 5 the master control unit which

nodi fies the menory address napping table. 7. A device LLOYDWISE

according to any preceding claimin which the physica
address regions are respective bl ocks of the nenory
unit. 8. A device according tg any one of clains 1 to
6 in which the physical addr S5 regi ons are groups of
bl ocks in the nenory unit, the groups being 10
defined according to a grouping table. 9. A device
according to claim8 in which the majority of groups
06 bl oekgew@a aceeming:tp sledvrdionglaim 5 iR ywhich gnghysieal memory
n [ o) [ r p t

e rulcgebrﬁﬁlgélﬁg\dtgg Pﬁis'%:lc%? eﬁ% rt‘églo gagrr‘ng)g(tﬁg &%ﬁﬁﬂ physical

th@dmmglcmidrfaabemunmd@ rédserved Iphysizal addsess fégagns which

t of
Satstheciorss eRcorY WBh MRS 4difertes hdBi- i opsration of
tfhetrg%sfe‘r' 'c%ntr%llunlf\/vﬁ%‘i‘l' hBdfies e W‘r&é@l siesd nd |ﬁ§5ta%le

In whic he master contro ni't associ at
consecutively followi ng | ogical addresses within a
| 6gi caf devigeesecardifigoito vanih preegsting i clainpaigewhich the physical

gé&%ﬁ%{? g ﬁ%}g 'CP) 8~ & §2 rgfrﬁpﬁ:tl% %\A‘ﬁﬁ(g IP% Qrﬁ% %m@?&ea/@g ntrol unit

associ ates consecutive | ogical addresses into sets,

edch oA ddces acsordind tgiatgl oneadfickimes! kadi mgwaldmtmmbephysmal
of nmenbers.  equal to the unber of blocks in .

gPEdSSS JREING: AreagiPURS nPlogks ﬂméhw'ap%amtr&e graups being
aﬁéﬂ‘?édaé rH'?ﬁtolePgl‘oQ@ %(gqéesses of that set vvlth

correspo I ng “page e respective 25 bl ocks.
LLOYD WSE 33 13. A device according to any precedl n
cPai m Ardemic¢e Bceardingato @alna@nnrvdnlch dime majgrl’ra(rofagfgpns of blocks

S GRS K ek 08 PG AR s v

tbféexd@ﬁhbh@ teths afdef i ned period, a second WRI TE,
instruction is not received obeylng a predefined 5

simlarity criterion.
10. A dévice according to claim 9 in which the memory address mapping
table contains a flag in respect of any logical address regllon which is

associated with one of the groups which are exceptions to the rul:e.

11. A device according to any of claims 8 to 10 in which the master control
unit associates consecutively following logical addresses within a logical

address region with respective pages in different ones of the blocks.

12. A device according to claim 11 in which the master control unit
associates consecutive logical addresses into sets, each of the sets of logical
addresses having a number of members equal to the number of blocks in
each group, and for each given set the master control unit associates the
logical addresses of that set with corresponding pages of tﬁe respective

blocks.
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14. A device according to claim13 in which, follow ng
a rmodi fication of the nenory address rmdlflcatlon

table in relation to a given logical address region, LLOYDWISE

and prior to said copying of the data fromthe first

physi cal address region to the new second addr ess

region, said criterionis mheéger the second 10 WRI TE
instruction relates to a | ogi addr ess correspondi ng

to the location wthin the given |ogical address

region of the data to be copied, and in the case that

such a WRITE instruction is received aborting sai d

chpyi nd deyfice accadingnty amy peeaeding claing inavhick bt master control

bﬁg& hg %ﬁ’%ﬂgggﬁTﬁsggﬁ%u@ ggelglihS %g?li%t %Q? |Rétructlon to

?ﬁm@meﬂl‘lehg tHeowgiteainstritiom otrf]\lvl Lqibdrt deterraiiieg tl"ramtr\]mlmp athddeflned
as. access to cache an |n response the fir
veeried.i Asteqrnd @Wgﬁl?ﬂ@ﬂtqtaen iganat fere @Qﬁx'naaéheredefmed
sgrqlaq:,w &r‘ﬂéh R being that the second WRITE instruction

ates to t e sane | ogical address as the first
instruction, in the case that the determnation is
pd4i t i Aedaviee aac@rdsr]@etﬁ ¢laigal 183rin which; fotenmiingra Tdification of the
instructi bei.ng, . witten. h dat a cache, 16., A
Y eaR R RRrEh bR i Telaten @ SREREIodica Buaress
CRstfio® amdipkioRas sanf @@e&ng%fathéadaaqa@hethénmst Physical address
responsetotheflrst E instruction wites the

deggion &0 theenenmitsecond Rdldiess iegian. siaid critesonrs whether the second
ag\aﬁfﬁé‘: [HsBcliSh Fe6¥ ?é to %nl‘?) |cgf aH?Le%s ﬁr?&&%%dk@gggﬂ#e location

resses, sal d ¢riterion
Whithin thesgiveet logitat eddtess teglctmef $leerelata ¢o b capiddeand in the

as the first inst in the case that, t
dE8%8 nthakeSush i ‘)élgﬁ V@tﬁuﬁﬁo'aa'tsaf%‘i?é\ﬁf?$ "Pﬂgtﬁ%'d copying

SSB@Fé‘i'lonVﬂﬂdTﬁstéhﬂ w%qm@gp&gﬂm bl/itRE seeohd ewr:thré instruction
cache. LLOYD W devi ce according to claim

1® the lehation oh@eéwoedwms@ahadwsafregland sel ect ed
| ogi cal addresses. 18. A device according to claim16

or =17 f tite C It ' .
F3p"{ cBollnEe ATPLL R Qe oS whiECHET nidskeh EBigi it has
Satfsds teca dats cakhes Andlin $§spurtsb thelfisét WHRIYEHhethuction writes the
frequency, and for setting said
data to the data cache, said criterion belng that the second WRITE instruction
relates to the same logical address as the first instruction, in the case that the
determination is positive the data specified in the second WRITE instruction

being written to the data cache.

16. A device according to claim 13 in which the master control unit has
access to a data cache and in response to the first WRITE instruction writes
the data to the data cache provided that the WRITE instruction relates to one
or more selected logical addresses, said criterion being that the second
WRITE instruction relates to the same logical address as the first instruction,
in the case that the determination is positive the data specified in the second

WRITE instruction being written to the data cache.
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17. A device according to claim 16 in which there are a p|ufra|ity of said

selected logical addresses.

18. A device according to claim 16 or 17 further including a pattern
recognition unit for recognising logical addresses encoded in the WRITE
instructions which arise with relatively high frequency, and for setting said

recognised logical addresses as said selected logical addresses.




