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Portabl e data storage device using a nenory address
mappi ng table Field of the invention The present
WO pws069285 rel ates to portable data storage deR€CT/B62004/000017
and nmet hods of enploying the devices for storing and

retrieving data witten to them Background of

I nvention During the past couple of years, there has
been nuch interest in providing a data storage devices
containing a flash menory and which can be connected
to the serial bus of a conmputer. A |eading docunent in
this field is WO 01/61692, which describes a one-piece

devi p@tsnld satn siirhye ABvicetethaiadesmbheaddragds nmaping table

“Thunbdrive™. In one of the enbodi ments described in
this docunent a male USB plug nounted on the housing
Fi e ©connects directly to a femal e USB socket

in a conputer, so that the conputer is able to

Tit\é ?ﬂé{ﬁ‘?{g irgt%éﬁiohoreﬁgs & HorfabRe HhRsSorRIPHYvieks ! é‘n’ti methods

age device under the control of a

ofoemphoglﬂgethe deardesifor stoping\anteretdieviay datsewritten éﬁptﬁ@éﬂ to

this device. For exanple, W03/003282 discloses that
Bt e rdevi g ig provided with a fingerprint sensor,

0 data stored within the device is

onl yf allowed in the case that the fingerprint sensor

verifies the identity of a user by co ring,the . .
Dygiag the gasifiaegle pﬁwrﬁrtwemsw%@sﬁwﬁf&%&m Rioyiding a
d asﬁbl%ﬁgroee eLBrtaft n,g{lg?légh W&HB?& idH&H Bé”c%hﬁgcted

erern-py reference. e structure o suc a port

tostherszgial biey bta comypuier. #slesdngdocurfent. in this Tiedd }stlQabI e

d | abel | ed i h
035 R8T whiehiRSelibes 2prshiccs i Sissaganiv, halReteh under
tHa R H&H@ﬁﬁﬂﬁﬁbén&@' th ofAe YPBhdbbdithe BB ddistaBéd Yh this

connects to the USB interface 4 (e g. a USB socket) of
dectroent @ ovaheliSB plugamoantader the hedsing of e dmAce connects

BT B SRR SRR oA B RS et
trgggfsgygtaat\?ﬁr? fr@f fhefashiahibmony beshe pertalde swiRhgE déalce
under the control of a USB controller. 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 access 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 incorporated 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 (e.g. a USB
plug) which directly connects to the USB interface 4 (e.g. a USB socket) of a
host computer 5. Data transferred to the USB interface 3 from the host
computer 5 passes through the USB controller 2 to a master control unit 7.
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contain WRITE instructions to wite an anount of data
which is a multiple of 512 bytes to a specific | ogical

w@ewseerss They i nclude al so READ dat a packets Rii/862004/000017

contain a READ instruction to read data from a

speci fic | ogical address. The WRI TE i nstruction
typically contains a |ogical address of the location
at which the first part of the data has to be witten,
an indication of how nuch data is to be witten, and
then the data which is to be witten. It may take

b dgkefon® SARLY sots TRBKIRLS VIR feppckets hien
do‘h%ﬁ WR*FFE‘WﬁﬁJéhbﬁ@tWrﬁQ dnCarpbant oﬂoﬁa@@' '\Aﬂﬁbh A nfftiple of

i ndi cati on of how nuch nenory is to be read starting
qRhes the spesifisrlogisal addresai They mqbl@‘@lﬁoé?EA@s:lata packets

WillEh BRI AR EARTRB Gt R el e AGRE SeEat okl d0Gess.
The WRITENAsEMote §pidligitontsing %ﬂ@g@abé{d@r@@s OF tHE ro%atlon at
| ines shown schematjcally as 12 ically these |ines

which e fiess par ofitbe data ﬁa§éﬂ@§ varltm m @d@aﬁpnm dawgatigh
e OO Hh Bl 8. UERNEIIE o B i 1 e
scdaateealtdata packmstte rconuntunicatelond WRITE rmsruwﬁom FSistilady aa

RERbHn st e o oiEa RS fiom Whidvio AR resgggand
&?nnﬂﬁ%@on%%oﬂ\ﬂnﬁﬂﬁ%%rﬁ o WE Y %ﬁlrggothte%e a

certain value for the flash nenory to operate at all.
When the nmaster control unit 7 needs to store data in

fI h rv..9,. i t._sen it there via,an bltbus
Y e Uit et BRI e RO B R ilocd
MNNDaﬂhb‘rﬁﬁ%nﬂfr? & e maBRr2@airepanit ¥ canBBlsStheaUAND flash
address (i.e. a specific address in the nenory unit 9)

m%moaésdm?m@nmdt sunbpelgivdaeh atripassechby. ongiaignews lines
STRARLSehehatiathy b TR e Se S8 2d 050 Hideiinicn
seociseEnWRIT& sighal Whenfdfaw fscld litvritten tth ehed fixsie enerhdry 9, a line

as senhg aS&EAkBISIQnngh %hé %lggl]’l trrnaemoNrAgll\xlsD tg lsgﬁg drg%g? rt\f\e
master control unit 7, lines which send an address signal indicating a location
in the memory to which data should be written or from which data should be
read, and an ENABLE signal which has to take a certam value for the flash
memory to operate at all.

When the master control unit 7 needs to store data in the flash memory 9, it
sends it there via an 8-bit bus 8, at the same time as a WRITE command,
ENABLE signal, and address are sent. The address is a physical address (i.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 packets 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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through the 8-bit bus 8, to the master control unit 7.
The master control unitsends the 512 byte packets to

wao b@s8Bsgsontrol l er 2, which sends them out of PET8RG2004/000017

device 1 through the USB interface 3 to the host 5.

The device is conventionally powered through the USB
interface 3, so that when ths USB interface 3 is

unpl ugged fromthe USB socket” of the conmputer, the

devi ce powers down. All data stored in the RAM of the
master control unit 7 is lost. Fig. 2 shows the nenory
space of the NAND flash nenory 9. The device is
seodsithetdad hyte peskets30ihe 3B §@a&r®ltﬁf£ athiglasendsthem out of

hERERE ol dfEle AR It dae Bhe Bl ce) . cach o

whi ch al so contains a respective control data storage

sector. 11 which stores control data (typically f
e deviea)s quﬁ@fﬂ@l“é‘ ly powieresh GUQW %Uﬁ,(@terfgye( S@that

il (REBRE i rS ‘iﬂal'é“@%onven s BB R P Eomuter,
tl'remavuo%pdmre dowre.cAll dafa storezhin: thé RASdyofdhe emastergmritso!l unit
7ejthe in an "erased" state, in which data can be
WSi!PBen into it, or a "non-erased" state in which data
is stored in the page and different data cannot be
witten into the page. es can only be changed from
FclgeZ sbawsrthe ecermpat space of%ﬂaee’%bl@dﬂafammwa The device is

b bl,ock h d
radis i wBle pa2ivie shr s fn ESheRle Pt BrieBle that
staéppségibitied BRIGE sudh aS Ehdtepade thlﬂngfmm@ﬂﬂeb{i%a@h of which
limted life- cycle In other words, It can on

als@ AgBIAINY MesPRCtVERanral datenslorage secierd g\tmﬁfbs@res control

TR o458 £3ri Rl Bl 00 o e

réspadtiiveNdii3 of Faghzyrarmm Sorwahmlea&qmml aatmaéaw blokls 10
Gonaiyal, NANR ASEREFETORES hete uReqralipes the.
addregs | nAﬁ?@lM%é@Mlbhe‘?‘?ﬁ’bﬁ@el%s'e@t' Qtatdi ifRwhich data can
be written 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 the 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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data is witten, or fromwhich data is read, is
determ ned by a | ogi cal addressencoded in a data
w@awket928%cei ved t hrough the USB i nterface 3. PCT/SG2004/000017
Conventionally, the master control unit has access to
a table storing a mappi ng between addresses in the
| ogi cal address space and Io%ations in the physica
menory space which are withii bl ocks of the nenory
device which are not in the dirty table (i.e. the
"physi cal address” within the nenory). Specifically,
each block is mapped to a respective region of the
emcmgiedarn adiat@:pgcb@hr@@eh@di thepughitineldBBonteatadeSs ses

@ntiofahi Tof Baks SonBa it nalladodRRiR 4 Pple st G
E |ﬁ@%|eﬁ@ée@@@iﬁﬂ$§%%§ inARaidgiddl Al §sbedhies lozations in the

ere are other bl ocks which are not associated with
PhW&b@iG@MWWQ@@@h arpadthimplocks ef des memaeyy slgvice which

NS OiRS A b 80 8L 8 DRyBIArhadRsE MIBIIRG o).
Spé¢ifieatly t @ddrebliock ¢d fnap;m!t toreerespactive région roveda lolgizks .
The master control unjt 7 includes a fjle mana ement

addressnsPacRhaing @ RUMPSE Rf addresaes sAuakis tbe of pages.
Thﬁ%%ﬁbﬁﬁ;e A aseg- HARJHONLAY kaar§ Aop agéo&%dhhmvéﬁ% of the

are i state or t non- erased st at

lagioal reedsiressesont rol unit 7 recelves data to be witten
to a location in the nmenory which is wthin one of the
bl ocks, the nmaster control unit 7 uses the block

Aphit a9ai PR B@bbl%ck@ thbf@' andgtree 'blédk% vhhleﬁ karé $ot asécmated

erased state. it |ndsthat t he is in
witb th erlagisal gddrta@sem Thessara | r@a@rweyl" bbmkeswhmly aa%luaed for

shitfincoliit ik bl LB M A e oamele ne

digedddesisitablel iesdif iBatoredhia thevestsrvad Widaki. i s to be
stored in the menory and the data copied to the

different |ocation.Summary of the Invention The
B 881 PRI LR 2Rkt LR Rade St Ritling o
bluck edidcationdableo whicho ralicste s hdtetiidreandappwngudle bheeach of the
blocks are in the erased state or the non-erased state. When the master
control unit 7 receives data o 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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regions of the | ogical address space and regions in
t he physical nenory space is changed during the
wop@saci2eh of the device. In other words, therBCT/BGHI0#H800017
a one-to-one mappi ng between | ogical address regions
and physical nenory regions, but this mappi ng changes
over time. This has a nunbers of advantages. Firstly,
the present inventors have noticed that generally the
| ogi cal addresses generated by a conventiona
operating systemon-the host conputer tend to be
statistically correlated, which neans that if the
§Eﬁﬁﬂ§ﬂﬂgi§&aﬂé§§@§ﬂhave a fixed relationship to the
physi cal addresses, then sone physical addresses are.

THE Eﬂeé@fﬁ RVBHER N AiffURNSlovideha mett ied sisefull pbitablef date storage
te to wear out quickly. Furthernore, being able to

dendcs. the rel ati onship between | ogical and physi cal
addresses neans that the nunber of wite operations

whi ch | | - s

0T S YR Y Eed B0 mopopg beveen

redd s iolﬁttﬁfeallo@&gﬂ? afdﬁTeﬁbisEIap_eaa?@rrggmm in thee p;hgyebeﬂmemory
n , t

spane isr Asanged aluing: e ABRIALRY Of Meogras. UhatslyupRly there

rezﬁg’l'hggasgﬁeﬁefbr%enﬁggﬂfbegeg\%ﬁﬂgﬁigic%l RRWrdYsOdgids AR physical

ase ate 1s assoclate that |ogical address.
mEnsoryeregitatsa busthis imapging ohahgeseverdimek, and any data
stored in the old block that is not to be erased is

]so witten tq the new block. Thus the old data only
Tﬁ@shqsoa@é‘”gﬁfi@@(@ﬁ@g?g ot twice as in the
conventional method di scussed above. This nakes the

FirstiRlthepseséhtdnveitorh Radenbtieed dsiterenthallyt thedogisaladdresses

mappi ng between the | ogical, and the physical, addresses
OPBowR IR SPTHe AR ORRTANRG SYRIESH RGPS, CGEpUTEF end to

P PESRALLRIY, WG cHEAR r hngddrelkes ihave a
R R R A i e
figedtrekitionship td $res fohysiBat adtecssespiten same physipal addresses

aritory muehcdore Saaents finniofeR & el (dfitlo wear ou
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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power -down situation. In particular, the control data

storage sector of one or nore pages of a given bl ock
woreyse6nse data i ndi cati ng which | ogi cal addr eBGT/FE€I0ENM0017

the block is presently associated with. Wen the

device is connected to a host conputer, and the naster

control unit is powered, thep,master control unit uses

this data to generate the napping table (which may be

stored in its cache nenory). As the mapping is

changed such that the physical address correspondi ng

address, regi on cha roma fi

TheoBTRS o SBRRRASHBEET: e BaGRl A1 e MDAt disRees i
d%'ﬁﬂe&hﬁy %OHé‘rﬁtBH}‘u%gl %ah?aﬁﬁgqugfgg %@}et%é&%f "ByERAtion the

evi ce are kep e data
nsémped addrassemBlpasty tmimnsy pretfbrablymjorednle/AMembmory (e.g. in

tif el cOREOL LB el covt I BB RIHG Ctd g BElines it is aiso

pPeRvasly S trNBSsR PN Ge@i@@‘ﬁ@é&lﬂ @Bahat 1tSik aiBt lost in a
t he Iogl cal address space is smaller than the physical

Pavredaws pidationsi nce there are bl ocks which are not
associated with any of the | ogical addresses These

I8 rggarﬁd&ﬁatr tRé" }’Jﬂ?rﬁpdgg(seﬁ{@el LBEOP A 0§ | n T 8 dé {ﬂages of a given

nt's nvention,

bﬂdsrek Imayersv@d bbta:hsdlealtd\goardmh dogieal tddelressaregnam taeyblock is
set of further blo here referr

PraBBU S HIRRE YIARIE dRMGT FPEIS b ) Ad GR SOBPUteT
%’@o@%&mﬁté%fﬁw uhftlis %‘J@We?éé OR8¢ &rﬁﬂo‘?%ﬁlt ses this data

I ch are present mapped to that |ogica
ta@mnesaterthgumappmdabler(wmdp maygbe staredbir it aaicbe memery). As
t he gueui one associ at ed

Qe hAGRHESE dHhrdeds hch RGN bRValalL ATGER SURSHORY to a

g &t legicd %d@lfr@és? re@abu chBn§ 8¢ frohd aefitsSbRICR t¥a $&cdndedlock, the
queue, rather than being erased just before they

dede dnethes Bwpiping dakliet an rtéeocortrehspcmsbneaiatao&i@@dsln the flash
o) B AR iy B 240 3R1RRRER tho fach
nhéplong,ethis fidyssiniplpdie by dopginptih degla defining therrhappied from
B TRl e Sasore ook befcre P st oSk ¥rabSa ™ 1

As mentioned 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 blocks
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 logical 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 associated 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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t he physical address which is not in the erased state.
It may be. performed as soon as this WRITE instruction

WO 200506088 ed. Alternatively, in a preferred rePCTERGEN$000017
of the present invention, a wite operation perforned
by the master control unit based on a given WRITE
i nstruction may be suspended7for a certain period, and
performed only provided that' no instruction neeting a
predefined simlarity criterion with the first
instruction is received during that period. Just as
the concept of the variable address nappin% tabl e

Thit spdatéw ol o engérsonypaddigse dnapping \i.eythenselettiasn ofzan erased

th i cal resse r ati,sticall orrel at ed
sqchntl PRk B aROREE Aol Hadk &) BT Rbblnd) ahg 6% ifirformed
whérsuese i hew WIRIMTE ingtRsdionhisClcalivedr tecwiite dadutd doéation in
rel atively short period of tinme are sufficiently

d
thethhysigaladdress whish is met in theeeardiséatiore efficiently

processed together than separately, thus inproving the

It SlFl)l%?d bén%é?forHéoetééTes n (e tﬂfg‘rr t\ﬁlﬂl?Ed%ﬁs@rLﬁiieﬁa? received.
devr ce. i's concept of suspending a Wite operation
Alterndivedy nineawpedfered arefineenertoof dhat preséRl Tikvention, a write

I nstruction arrive constitutes, angther independent
ORETgHeE R TOHEEd (RIGTIT SRESHRh iAo ok e DESRR 9 BB e LVRITE
in§ﬁ9@tﬁ)rpfmépebén¥@5}5érﬁféooq‘6‘rera tdaa@in TherRPi &l | HoMidd only

the variable mapping table. A first such correlation
prioyidenathat ey insituciios uveeting wepradefipet raimiladtyi enterion with the

ROl B80dyed At SrdlibbhEd plIbE =S RTERERR of the

vargble addrnss ehagising dablecdiicuesed dbovet isi motivateti partly by the
specifying that data is to be witten into a | ogica
okgelyation

i leaiceb pddigrscsi aig siadisticallyecartslateg, darre§gement

' . . . bl . .
ol R o7 B Pl 8t MR e e
regeivedf dutmgopereiatiosly sﬂmrd:rpegmcse)fdﬁm sair@ran‘fidéienﬂylstrongly
fi t bl k ich i not to be overwitten to be

cEpited thes THY ket o bIseR  SFOGTIM Rjoestethoicosther than

sdBatthp  Blus FbFQing SHECEpESSE SAnPSr Ej?étf?ﬁék@ft theh gortable data

containi ng an nstruction to wite data Into t
stortagse devicepaus afonckpt lof atispenting atwritey operdationuto dietdrmine

whgﬁne(r)paenro%'e?ncoqfrelg%pdy Wﬁl'ltlj:;] elngf%gtion arrives, constitutes another
independent aspect of the invention, which may be used within the scope of

the invention other than in combination 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 operations
which cause data stored in the first block which is not to be overwritten to be
copied into the second block. If during that period, the master control device

receives no packet containing an instruction to write data into the successive
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in the first block into the second bl ock.

Alternatively, if during the period it receives one of
worens/opaesket s speci fying other data to be wi t PERSGZNG000017

ot her | ocations in the sane | ogical address region,

then it can wite the data fromall of the packets

into the block, and in this gase only needs to copy

the data fromother portions-of the first block into

t he second bl ock. A second such correlation is that,

as the present inventors have noticed, frequently the

master control device will receive within a shorp

p@ga@eﬁ the hipele ther ienay continiiaiwith v areratian oficopying the data

irf m&n 'ﬂr%f ggaé: Xfﬁi& Iél){eta te:%of\ﬁ'ﬁﬂé@%&j&lggg?g&g%ﬁ%wbné éhee period it

redeivey enecef Motk ppdets ispatifping iciner data &ﬁbbvwﬂtten into other
enbodi ments of the present invention prefer

lagadipagdn the §am¢elpgtq%ﬁddmsswggm ithen ﬁ@andrunten\ée.daga from all
of e g{ég:'gbgsgu%tﬁgth%gssl?ck Sartd 4 Bis! s% gﬁl}/anéé’d@fo copy the data

oper er contr ol V|ce
friom etheal pdriidhs atthe firstbiogk .intbftheseicoad blotki. on rel ati ng
to the sane Iogical address is received during the

tinme riod, th Ihe ster_c ro Vi ce ee
Ao ity cbiBRaftcisy Bt st fas hessiit i vaBis Siiessatiosd,
freoustly thueraster 'cBntr@UHéﬁ@etWiﬂ rBe&ivadyitidin \ARsAETt space of time
instruction is received (or, in alternative

papkRiai senteining HVRIRE. instractions tspeciiygng aeaatlygiheasame Ioglcal
Qs SRathO SR AL G kel e | GRPERL, MEBEES hiboing

whHepeker elai:hd)frthege irstruativhe ds sedeniddl i arabodieidra® of she present
ived in ect of the sanme |agi, ‘cal addr ess, that

'r{yg’govspr@é%{a{#yr gww‘ thig peraiian JUring@ fimgnperied.fPudng this
p@ﬁH@rt}ﬁed@éfaﬁ?s sthorak! Yatal Bﬁcﬁ@“c{éb%rérl%g[’% tﬁ@ym%‘ﬁter control

'ar ge enou to store data in res
devigedel. gamsinrﬁem RAMacacte n‘rmmmw hié nmmntr;actmy rblating to the
di vi ?Jled i nt adr | urali t f sect each

i,n
samgy (9 Calaf Sy s & dé('”@@r "@sgmﬁjlpﬁﬁoaoéh%%ltﬁe master
c@ﬁﬁéﬁ%ﬂ%vnéﬁ‘%r@@é@d@e\kvﬁﬁ WFBAG! Btk B ahECARSIt éPnory
timer for neasuring the tine since a WRI TE |nstruct|on
dissupee@eabovd. Hewevesgifcaluring the period, a WRITE instruction is
received (or, in alternative embodiments, not one relating to the same logical
address), the master control device instead writes the data to 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
logical address, and each being associated with a respective timer for
measuring the time since a WRITE instruction in respect of that logical
address has been received.
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address has been received. Preferably, the data storage

devi ce is capable of distinguishing which | ogica
wa@dwseeres are particularly likely to have datBCTEG20€000017

to themvery often (i.e. it perforns a pattern

recognition algorithm based on the input

instructions), so that it can select a set o f one or

nore | ogi cal address for which it is worth perform ng

t he caching operation described in the preceding two

par agraphs. The descripti on above assunes that there

is a respective mapping for each of the blocks which
Praferably, ke dstoostonege de\ite ingarablesefdiistingyishjngwhichdegical

' | d ' i .

b AR IR FERRRY BB BB LU o

peHurafs anRtentrdddy sitibaralgbithimpaded n fie Alpueimsttictiens), so
s to associate |logical address re

is ions with . .
thab#pran selechRdRisObPNBI @r(:nasqrepleglcefa ress %%éNB'PBdRéS worth

ol Sy 95 ke bR tpoons

address regions would be |arger by the correspondi ng
THeadescrigtengbdve asgsuriibs tinatithere sdal respeatisng phagping foreeach of

theaiRClst MR B s SsnacalbeE BbcBelar nerers fegone Bk is
whadl I‘éﬁluir_@C{ﬁéQﬁémEﬁ?i Adgress hﬁaﬁ;ﬁiﬁ%%b[@ifo $ialB! at le&st as many
consecutive ones of the blocks, but in the case that

element ax eanymbed of ddaeks whinh ere sprilablec farestofiag eata. An

etting.blocks i nef. [ k ] '
afTheY kS Ser BreD GEar e SRS Wi feBELRS s of
blbeks.r E@i %gaﬁt@tléh,ftﬁé dgbekes n]t?éy I@%eﬁeylgk@giedl‘r&mgjmuphi ofh(sayd four
assocj at ed wi regi ons o e | ogi ca res
bIPRES WHEECR telhOf GTOTUAKEMRIR, HEAsZD% Bagesh GRS Igica dsiress
di c . .
B REUMLE Birocl WY IS Roneludtihg SuLeF (B0, ufs# e memory
ad@’e_eg minlap?'mgcﬁam%lsmm;m rig gﬁsnmzagmdielﬁne gr ongitogpneabhapping
to identi e ocks constituti t hi Si
befiPeB) BeKE OF 850 RN IS &r PRV AaGr Pl cplogiia Sddress
rﬁi{%&?s could be set according to a sinple rule (e.g.
that the groups are respective sets of four

The groups may simply be consecutive ones of the blocks, but in the case
that there are any bad blocks, 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 control unit
has access fo 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 groups could be set
according to a simple rule (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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consecutive bl ocks), and the grouping table would only
store data in respectof blocks which failed to foll ow

wWao kios/06928%. This woul d reduce the required sizBCDBGLU0€000017
groupi ng table. Conveniently, the fact that a given
| ogi cal address region is associated with one of these
exceptional groups could begg ncluded as a flag in the
mappi ng address table. Thus, the nenory mapping
address table would indicate when it is necessary to
consult the grouping table to determ ne the physica

d i ate ith a given . |logical address. The ]
of YlapRs Wity Fpa aitelaviybia.s Sl s WA canuchI g sagarachsize

ofahdi YSlﬁbihg%lS]@! address region with the bl ocks of the
cor rqespon i ng group, such that consecutive | ogical

addresses correspond to "colums" of pages. This
Cenveragntiyof the fact thatga givenplegish! lslddedss tegicniis @spocidtad with

o §f e akiREboa gl o by kT GEL A& TRRGR e eping
addrbssnsblef TR@g €he ntsMsHy M&Epmﬁaé@&ﬂégé tapl@ansiidandicate when
aspect of the invention, Ich may be used within the

it iscipressant ieeconsulédbe grouning takledn detersaingithamhysioal address
astt%;c‘:%ia\fféﬂ mt*ﬂ'fg%ﬁ@%élg?ltﬁﬂrgss.me speci fic expression of '
e ec

Irst as hernvention is a portable data
storage device including: (i) a data interface for
The anasdter conyodanih may leessciatet pgical addresbet Ha al@ivare logical

{i) an interface controller i) a ster control
a‘i(ﬁ{ﬁ%? LGGPTY WD ey Soﬂg.tNﬁNﬁq'%e&Qﬁn r9foup such that
cdrid@clitNe’ ogfiBl CaIHrEdaL cPRISPO il 18N8 SluiPis® ot . This

received through the interface to the master contro
cansep! efnprovidingsgupsont miocksnito beirespend dogéapical address

reo Y T SFCB b e SR Slled "R Hah e dosica
address uelgiomswith columns of pages, constitutes another independent

aspect of the invention, which may be used within the scope of the invention
other than in combination with the variable 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,

(ii) an interface controller,
(iii) a master control unit, and
(iv) at least one NAND flash memory unit,

the interface controller being arranged to éend data received through
the interface to the master control unit, and
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(a) upon receiving a READ instruction indicating a
| ogi cal address, to access a nenory address mappi ng

WO awbe69288 ch associ ates | ogi cal address regi onNBRCAGHION000017
a |l ogical nenory space with respective first physica
address regions within the nenory unit, to read data
froma physical address in The menory unit
corresponding to the | ogical address according to the
address mapping table, and to transmt to the data
i nterface one or nDre data packets including the data
whi ch was read, and (b) upon rec

i nstthecmasten saniat iUy &ei%l%@n%diqgsée%'%%t%q%n data
p%?(g’fg hgtémofﬂﬁﬁg d%@hd bR loﬁéjg Bthetr‘%ia‘@ﬁtﬁdﬁbféeaé fencoding

si ca ress corresponding to the oglca
V\ml'ﬂEeastrmimsdl ng to the nenory address nmapping table
isinthe erased state and: if so, to wite the data

to t cal add t oL [ h
addr@gy%@pﬁcﬁglqia %E?—‘EJ rgg% Olhgmggngo%'l%ﬁ I %%ﬁlress to
ac%é@%eéﬁnér%hpadmés'% 2®p ir?tzﬁﬂé wHbheassodgliesnlogical address
containing the | ogical ess, to wite the data to

reginns withinaa degisal mmcamﬁm@englthoreﬁﬁecm\@flb%pfy@tﬁéé@@%fess

LR 8 R BT S s o

n'iléhﬁbr?lmﬂt c@:}w?ihmﬁhngitﬂdrtﬁéSoglegll ?ddt%smaccmH@m fige address
ocations o e secon ical .address re

megPRE GRIR ARAdBdransE 18 118 SRtB B taseahe 6F ThE dath pdckets

mc%ﬂ%@%@%fﬁcﬂ%s%aﬁ%ﬂ@ Instructions which

b e sto In nmultiple ones of the
pages, or READ data packets which request data from

mul t(h)ltmqr?mxwmgw VURKEE ingfrustion inslicalinges Jogisat pdd@ss and
SR T RSP e

HRESIdrlih® Ntoothel Negibhb Wdeitesy efcrioraingl ¢at thee mehohheaddress
|nvent| on will now be described, for the sake of

mapping telle isrindie prasgic sfatedviience to the fol | ow ng
figures in which: Fig. 1 shows a first configuration

of " 25ROV R Rl Ra 98 RetHYSREE address, or

if not, to modify the address mapping tabie to associate a second physical
address region with the logical address region containing the logical address,
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 potions 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 muitiple pages. In
other words, the address mentioned above may for example be the starting
address of a multi-page portion of a physical address region.
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device; Fig. 2 shows the physical nmenory space of a
NAND fl ash nenory device of the known device of Fig .

W@ 2005/06p288 shows a nenory address mappi ng tabl BCT/RG2004/000017
first embodi ment of the invention; Fig. 4 is a flow
di agram of the steps perforned in the first enbodi nment
of the invention; Fig. 5 sh the nmenory address
mapping table of Fig. 3 after a certain data wite
operation; Fig. 6, which is conposed o f Fig. 6(a) to
6(e), shows a second enbodi nent ofthe invention; Fig.

7, ich.is c osed o f Figs. 7(a) to 7(e), shows the
%ﬁgﬁgﬁmﬁb@{mgﬁ%ry of a third enbodi nent of
the invention at respective tines; Fig. 8isaf|ow

P%@%é%@ﬂ‘ur&sﬁ@f ﬂ%@%\?édt% RAl ﬁ&ﬁ é’éjdr cﬂffthg ke of
af £y,

9, i's composed
l“UBtf a’mn ankysweth fr eﬁeremceehabﬂm MDWMg flglhI@Sl m\wmbh on.

Det a Scri t aon odiments A first
embobISar U ¢ Hist SROBHTAIrP13 KRONN RO Rble FRlsssiorage
devigehave the sane physi caI structure as shown in Fig.
1, and for that reason the correspondi ng el ements of

t he Eigh@dshaws th@inhysisal g‘\a@nm seacmaba NANDdtash memory

%MH@%‘T’%I%%? ﬁg}gf>§ Oﬁgg% o ngt he el ements shown may

e con alne e.g. one on which

t he B@Mmm eerBorysadavest efap f iRg t5SBGAR Gt ernb%dument of
fl%gi' USB plug) may be connected directly to a host
t ﬁ‘g N, '(e.g. a personal conputer (PC)) by plugging

PSR AP Bt B RE oA 7 st pgement
of thednwentibnpe noted that this device may have many
feat EI V\rlm%'wcs hgrrﬁerrﬁ%try gg%\r’\gss mapping table of Fig. 3 after a
certain data write operation;
Fig. 6, 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), illustrates 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 in Fig. 1, and for that reason the
corresponding 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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explicitly in Fig. 1, but which are known in other

publicly-avail abl e portabl e data storage devices, such
w@sgoopaersor d protection, access controlled by PCT/SG2004/000017

fingerprint verification, etc. The inplenentation of

such features will be clear to one skilled in the art.

Fig. 3 shows the nenory addqgss mappi ng tabl e used by

the first enmbodinment. This table is stored in the

vol atile RAM nenory of the master control unit 7. On

the left colum 21 are indices |abelling |ogica

address regions, and on the right 23 are d

conaestariang-g HdSB plerk may e, éom@céeé alreaﬂwt%gg{%ga@@puter
(o gf B 3Rl A BITB T B Plllfng 8% (98BTRI B oF H host
cdtmhpgditler SoAlténmtmaly, aobutﬁ%sr:aﬁgltge attacl;]]«lsjd ngegwiéfmtbhlad Ibghould
belBOfﬁdég ﬂ%&dd?lﬁ'&e r%\ay ggge@n@ray Ureﬁr\”'%'@'éﬁf% VO?ng‘Hlngf
@Eﬁlﬁtlﬁ”i*@ef Hup \)&]chi*? Gre ﬁﬁ wHYS Btﬁ’éﬁlﬁfh):g/c%\ré@blé B&rtable

o data I ch can e store
ddta gitarape aienicess suelg lesrassyobd profecten (mmq@gtmﬂed by
.this.is t of nber of
fingRagitiateptek o : ThOGaprTeStintip oY ohof reAtiGrp be clear
tOQ-_Q{é.Ig{méj Brige é}[ﬂ y an index |abelled a corresponding
bl ock. The nunber of | ogical address regions.

corresponds to the nunmber bl ocks which will be used
25 B 8 Py ot WBeb LA ls OB et o
el‘nggd ma?énta'ﬁhlisetsblffilé _ﬁt}@ﬂ&it lﬁigé &omtw@@ﬁ\m mnémgry:?ﬁ tlhe r_nastler

a ress regi on is is because the pages .0 i ca
coient 888 7 &1 B Btaalemnal et indirssdateling logical addsss

R I i cal
reihe, SRARANTS Rint SPaRZyoRe Hiftind B chs BFiME piRicR
address Bpacelwssh are bogito@ineaddppad to typseniogicaladdresshe
sho n, Fi t he res

re R s e T i ot el ol Pk B el b el Shitiess

re@ichs BRPGsh IRt R tHOBdRs @ﬂﬂ?)e%%dftﬁﬁt HesnumBer of blocks is
1£h ysi cal address SEgce i ncl udes a nunber of other

(labried Heiindices Gicatd). én serlilyy, kaibwd thesmaumbers wilblee very
me R%k&e(?'). TJh%ls‘?We 11%10\/&?{’( %l? d3t whith®Ear? Se s?cﬂgd in each of the
logical address regions is 512 bytes (assuming that this is the size 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 which 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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bad bl ock 7 which is "bad" (not functional). Thus,
t hese addresses do not appear in the mapping table of
wo-2@5/0®288 hough preferably the enbodi nent doesP&l/S62004/000017
have a dirty block table and a table of reserved
bl ocks, which may be used in conventional ways to
perform ot her operations coqiwentional in portable
storage device). This | eaves a nunber of bl ocks (four
in this exanple) which are avail able to becone mapped
to the | ogical address regions. These bl ocks, referred
to as "queui ng bl ocks", are shown as 25 in the nenory
address mapping table of Fig. 3. These blocks are in
I GR(BNT5 £k Bl WA R LeBre 1 P RBIE AR TSa kg, the
phgsnal/\adiﬂreskSpacehadudesarrute'dbenoboiﬂee bhmksc(aqim the eXample

Shogh iy, T oo Nl Blcoka ) SR 1A WHuAbALP s euh and

badit bk PRhieH ist *‘lf’ad" b@ﬂmoﬁeﬁal) OThayethés@@uarr@Jses do not
I ndi cat i ng one of t four |l ocati ons The |l ocation to

appieat n uhlee*npppnmgetab@pﬁﬁg ﬁdthwrcarefgra@@uthemmhpdmnt does

aldh e, SR orK jeblif a0 @B FriesSERH AR M 1 be
usedds sohiéiftionae waas tooperfer otHertdperationd eonvenftioal in
corresponds to overwiting the new index into . the

pariabia sf@fag%dwip@h e I%\Mﬁ%numﬁemcﬁ biorkscfRiHdN AySt he
SBMTE oA ofe SRUARERIER Bodli apod ¥ Me 1Bbica) Adtiep§e

regionshe first page of each bl ock which is mapped to a
correspondi ng | ogi cal address region includes the
i ndex of the corresponding |ogical address region (if

THR Blyahe rref@fre@i foasd %’édtﬁ@ bldtkal 041@ dHbwn hS Q%Nn'tﬁe memory

greater than the nunber of bits available in the
a@bessamappmgftableof Fig 3. Jdwgse hlbeks adein theyerased statel When

= BRek B Frde o R i fro inpiy B B et B0 BEoREERe froved
u;p@yvah@da H8WDIOER i$ fiddn inkerted rmtroyth@otctftﬁﬁﬁ roRsithg sbatidre25.
Fig. 3is lost fromthe when the device. is .

C@i@m@ﬁlyaam ah berfﬁ\ﬁl@ﬂeem by) RITGAING7fof oL egrlirnsine
memory to each store one of the indices and to have a pointer indicating one
of the four locations. The 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 first 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 of the
first page, the index may be coded and stored in the sectors 11 of more than
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the nenory address mapping table in its RAM using the
i ndices stored in the control data storage sectors 11.
wa00s09280Nnsi der the operation of the first enmboUbGEO#/000017
with reference to the flow diagramshown in Fig. 4. In
step 1 an instruction is received, and in step 2 the
master control unit 7 deterqines whether it is a READ
instruction or a WRI TE i nstrdcti on. Suppose the
instruction is a READ instructionto read data starting
from|ogical address 67. In step 3 the nmaster contro
unit 7 uses the nenory address mapping table of Fig. 3
one page of e correapending Yteskli Tiguslibihle device isppowieneg-davn

(hafipLRE ROV ABRRsS Be Bl R b kR e Toe SR pe R
wpa g &lié Heviek ie RWHIEd Bigain tHembsBiredintdf dh 7scdl regenkhfte
fourth pagngé Then in step 4 the read operation is

theeneaaneg o napginstabirindtoRAM veing edndiche skaretdn the
c@{{[—’mf&kagg&% g4 %ﬁﬂgsmg command to the menory unit 9
0 ract e da

ext a stored fourth page from bl ock 10;
this data is transmitted fromthe nenory unit 9 to the

master conirql unit 7 via the bus 8;. the ter
WEReH soRiar thepeatarof s mbpaimaia. pRBIEIeseasRito the
e . davi Co. - it ; .
Mk TR show i FRY ok 18 sfik 127 InSYOERSPis 188oRBa, fhd in step
2 the masterdenrtrdamitih deteratineshwhethwrdbis aREAES mstTictiom or a
V‘?ﬁ‘ 5 &he.master control unit 7 determ nes the bl ock
j-%pfga u%%?'?‘espondi ng to the logical address (as in
step 3), and in step 6 the nmaster control unit

det erm nes whet her thi slwsage is in the erased or )
SHpRoss thedpsyugtien istaiREARnsfeudiionto (radhdata starting from logical

. I .
aJBRRIRTEM SRIFS R sty COMIAUNRY Bods SRSty Hdss
nappirightabgef blg. 3 toadetéfining theadedspbhdimgt hleckestresponding
to?]tg\ntro'l unit 7 just sends, a wwite jnstruction to

Apgical TaiieksIBOIRESaTIABING s 16ptsAbapHssdLe: PIack 18, and
wgtg@[m?a BRER tAE JgBfs) ctresporalry B%nbloGRAVERI8 Y e. the
fourth page). Then in step 4 the read operation is performed according to the
known technique: the master control unit 7 issues a command to the memory
unit 9 to extract the data stored fourth page from block 10; this data is
transmitted from the memory unit 9 to the master control 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 allocation table as in the prior art described
above).
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Alternatively, if the fourth page of the block 10 is
not-erased, then in step 8 the master control unit

W0 p®b0eess the menory unit to copy any data stPCESG2004/000017
the first three pages of block 10 and in the |ast 60
pages of block 10 to a new bl ock. This new block is
the first of the queuing bI ks 25, that is block 4.
Then in step 9 the data |ncI ded in the WRITE
instruction is witten to page 4 of block 4. Then in
step 10 the nenory address table is reset to the form
shown in Fig. 5. That is, the block 4 is now
associated with the Iogical address region 1. The

i piribopady FRA3E 1030 RBs G Thefiae st Sotopiisia jus

sérﬁ% PlpeKinkBustibh tdehé BHERRENOD té BQué@Me m&nérbft@%tdrleffﬁe

hat the master control unit is instructed .t0 wite
daiatl@th%fwrﬁ“a@@g@mf kiwcks! thaecerding to capyentianal taghaiques.
operations of steps 8 to 10 may be perfornmed in any
ot her order, according to the inplenentation. Note

Altdrattively aif they foairihvad® ofitienbloak 0 ie ﬁmreaagm rthexsytssterm 8 the
is for the device to omt steps 6 and 7, and

M e contiof Nﬂitdﬂﬁtr‘f‘-‘r%ntlh?t '@ﬁ?”prﬁ/ou@t BbCQPYIQ{‘yo@W@r stored in the
flr‘(é;ggs?ﬁ d?%/@sﬁsg gf QIBF:IC() all ‘H ﬂ‘% ES ﬁéfogpﬁgés rogcb?bzﬂg% & new
blacls.eEbisdnenﬁddckmwthefﬁrshef rtlnwemeumg bwmqse% thatt|$1é)lock 4,
f irst enbodi - f th i cal dd
Th el & e ppknineh b npaonRIL BinsRucfinis Witien to pace 4
oﬁﬁf@@k"ﬁﬂ'ﬁer@% rétéH 1bhehd ﬂ%lﬁél'y @@df&%stdtﬂéllé)ﬁésétsid tHe form

in this exa Zhls malg toacorresonln%@ gr oup
shﬁwm)lrb[:';gsS( That isi theekloesicis naw@sspeiated withithe flegical address

oGR ThgeReR, 1 BaoPanddl 3 oo Eing hethoo Fgulsie 2
Sinekethefs ar@WerﬁdckthrWH(é qlieuéd/ the Blockndlo Ml _afeereused on the
assuned to _be bad. The bad groups are given |

n
neﬂqut;thie@ow@e tiat the Mmasieroepntrel ertgls lé@ﬁycte@rﬁoswvzlt@od@ta toa
r

oA AP RLREEREhAT e Bt AR BE b6 imay oo
pénﬁd)rinmd mganywothetr Imederreaecmﬂn@ﬁ@mmmpdantmtdmm ned

ensuring that they do not include bad bl ocks. The bad
N8{ t(':\t ta%be{lteerlllastlvteht%nustlxg Iacf:i'lleI r%ar%g%r%%n!t sys({em R'for the device to
omit steps 6 and 7, and to proceed straight from step 5 to step 8. In other
words, every time a write instruction is received, the copying 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 O 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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of the reserved bl ocks; alternatively it may be

regener at ed whenever the device is powered. The nenory
w@dwseerssmappi ng table is shown in Fig. 6(b). PaI/s6e4/000017

case each of the logical address regions O to 7 (in

the left colum 31) is shown mapped to a group numnber

(in the mddle colum 33). ﬁpere are 12 groups

avai l abl e to be napped to respective ones of the

| ogi cal address regions, and these groups are | abelled

by the respective group indices 0 to 11. Most groups,

having an index o f say /, are corrEb?sed of the set of
theldsiee iy powened By te,simgaaﬂi the-nlocke\@ndefindingethe had ones;

o P R LA BT STERG ey 0o o
intlngé baa bmﬂ(sOTThEQia@ kﬂb@RKébeQheWpﬁcé]Bﬂstoﬁétﬁlrbd)m o8 more

whi ch deflne such groups are given in a "clean tab
of stewreseived §lodkse lterartivelaribineay qrodpdansrated M%nqweé the
locks 0, 1, 2 and 3. Goup 2 is the second
déd|({e5 %?Ebl ocks 4 , 5, 6, 7. Goup 3, however, is
not blocks 8, 9, 10 and 11, however, because a s
Thaameinwrgdadalbamsanbbpiog @bies ishsitbwh ﬁrsF%gadB,(bl. Hie theis eaise each of

i TR SIS B e P8t s eiec o

grblB rimssEr (IhR midie BORAHA 383, Tﬂréﬁe arb 12%0@@@\93#35@ to be

agal n, an exceptl on to the genera rul e ecause
mbppet 4o 1espactive Ingsofbthe) logionl asldcessiregjons ank thessmaroups

arﬁg%ﬁlerw%rneg&%.veb*'gog'{@smégj,%%?o g - aﬁg Zg oé‘? oSpI ?
is again irregular (since block 27 is bad), and

Mastchfodubeghmng ha indieaof taplicaret campbset b thse2d, bldbks 4i-4,
Groups, 8 to 1. 1 are ggcordln to the usual

442 éméf-h hlowaven hess are Rlpehe WGk arg APeP@aption to this
snﬁ’ﬁ'@’ rdlgrﬁ&aﬁ’.&eqpﬁle' rﬂlé We?eﬁ%@rgﬂé@ thétrg?%ﬂﬁ would ifQddé one or

in nore ty ments The proportion of
mbs&jbtymha pehichs wees joado'\i\‘/hesbioclmemdefmarsut:htgreups are given

! |l erthan the. y address mapping table. The
'"r?aﬁ"?ﬂfﬂf%%m%'?o‘%‘? in E\Ss %F)r't he clean table is the
nunber of bad groups.
For example, group 1 is simply the first four blocks 0, 1, 2 and 3. Group 2 is

the second set of four blocks 4, 5, 6, 7. Group 3, however, 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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To indicate that group 3 is not according to the rule,
the nmenory address mapping table contains a flag in
wo b@soba2881 col uim 37, and a correspondi ng i ndi BE/BGIO0#/M00017
the fourth columm 38 of which row of the clean table
of Fig. 6(c) to refer to obtain the exact nmenbership
of the group (in Fig. 6(b) the values in the fourth
colum 38 are respectively d8 1, 2, and these three
val ues labelling respectively the three rows of the
clean table of Fig. 6(c)). Wen the naster contro
unit receives a WRITE instruction instructing it to
thanl the oentayndiiéas toappigy dableadidree sex@Mum nuhibes afasevs of
|dent|f|e t hat the é i cal address is within the
theo‘ﬂ?%% ablg s YrahepRAf B2 agir?llﬂ?es-l ogi cal address region
O is logical addresses 0 to 255). The nappi ng between

Thaadieate alr §o86S3 a8chatr Q@ézﬁdin@ fa the %1@) tRENE taddress
the correspondi ng group is ou The _correspon

mapatpdotakde | aemainy a fagoin tst@t thlr coiumrs ?»ﬁotandeae@@"éﬁ%pondmg

I
o3 e IRV EL R B8 R i LB S oo 0
reﬁeﬁfbjoBtalﬁ' ige keRgtic Menatsishshis obthe grdupudntHig. Géb)rthb values in
e in block 5. If this is1n the era
t%alrth GHUPRALHP @neereﬁae&tlvew?ﬁ,th@ \mdﬁéeﬁﬁéhﬁ?c\’@‘éﬁs iiabelling
féfé‘ﬁgéfé@é‘xgﬁ%ﬂr%ﬁéwteasgﬁ“ e YRR, Bl e "
instruction is witten |nto the fourth page of the
Vreroitte iohastér obntrdleunit aapewestméNRéHa instrudionginstieictiag it to

i ch,ha .
Wil G5 ERRRERTo I IRs b7, M il BARE idgNERnatine togica
a@&h@sshé{ vﬂm{m e eﬂréud?eﬁslfﬁ@@ibnad dif€e Mefidalodddress region O

gueue . e. rouEp nunber 7) into the colum 33 at the

Isy @@'C@braddmum t%@oﬁh@anaaalage@@we@gn legiagl agdiesses and
G A4 i Sl T, 2. o

c@nés;idhﬁl flagsefastdumg gAtia rictdet,assd nigisandtomesdssag to consult
clean table into.the HﬂerWOf thefourth colu

38. .
tiangieaR At orIBeni BeHapCimgedeepordiRs P ciRgp 2 tBs gule gives
¥ ab 4.5 ﬁghgﬁbup%g%lda‘g%}ﬂrés% &% BRI HePBlfhShge in block

pages df

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
happing table 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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the respective pages of the blocks 24, 25, 26 and 56
respectively). If subsequently a read instruction is

wo ewsiogess f or the | ogical nenory address 67, tPET/SEXDEN00017
control unit 7 again determnes that this corresponds
to logical region O, and therefore exam nes the
corresponding row in the ,gfry address mappi ng table
of Fig. 6(d). This tinme it nds from col uim 33 that
corresponding group is 7, and the flag in colum 37
indicates that this group is irregular. Columm 38
i ndicates that the group is inrow 2 (i.e. the |ast

6 apd)’ isfcapied respastivelyite the coirgspéading ﬁagesmfsimrgroup 7 (i.e.

e T Ry

Fig. 6(c). It read the datafromthefourth page of

If shiesexprotiy 2 tesakinatrugtion s received fd ®eklodRhl n%ﬂéfyab@éress
re data packets encoding that data, and

67 in GIATIS! SAQlatiel PEInGlRISBRINGRihat hie Gotreaponds to logical
\'

oo D e dnereforgaBikeii el te” BSIAHIRL b, W iffey Bfemory

adginéss Mappang tallanofEky. 16(d). Chhis dirpeniifirgispiend b@hunhnﬁl 33 that

f 6(
cofRRORTREGTALS 52 2D PR A T %anwgdlgawS thathis group s
irré&d@er.| Ool@lriBB iRdichfeditrat ?hﬁﬁ H“I er e e' Sth last, row) of

irregular. The master contro ract
the rQ:kh’q“b éabiﬁmofaglg H{(ck of hee spastei ngnmw muhﬂmreforeeextzacts the

P985 G oS 2 2B eabPl T g oG BT €7 i o),

It iczsithetdats front the fourthasreodf thB&esaiRNBIokk ¢4 r@up gf(%P block
) to see. if data is stored

bl ock 25
25{, P RT24FS B8 IOt dath brekas ensopieg i data, cingh ransmits
thé BEERetl butbﬁ‘tﬁé‘&%ﬁ{:ﬁ'&/& (BT |gthe stored data in

r pages o0 rou € correspondi ng
pages of the group whi ch is now at the head of the
If agrina BEitg inséructjo ip rebeiveddfomthe degidat nehenohddfes 67, the

3t eobitel i g7 Bapth ‘Seminas dhe s coneShangBe Bosen in the
merabymadifedé 29 M@O téBtéﬂ &OF@S é Bkémﬁ)nef | #9finds that
corresponding to group 4 into colum 3
corresponding group is 7, and the flag in column 37 indicates that this group is
irregular. The master control unit therefore extracts from column 38 the
corresponding 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 history explained above, there is). It
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 corresponding 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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the top row, copies the (blank) data corresponding to
group 4 into colum 38 at the top row, inserts the
WO naéx69288 Nt 0 t he bottom of the section 35 of PEESG2004/000017
t abl e(havi ng noved the other rows up one), copies the
corresponding flag into the bottomrow of colum 37,
and copi es the correspondi data into the bottomrow
of columm 38. Note that thgg%IOM/corresponding to this
process is alnost identical to that of Fig. 4.
However, it should be understood that steps 3 and 5
now are now nore sophisticated. Instead of the bl ock
(hawnggnq@edatha piber jrows Uprone). pepies dhe soregapedindaiiag ife the

oGRS 5 B2 Eofonind i in wbvotom

rofeeidonemhae. e (e.g. of Figs. 6(b) and 6(d)) to obtain
a correspondi ng group, and determ ning the blocks of

Nei61 h S5 e ORESRERBING adtieRESGsas P HmosbidsTicAbiA that of
Fléhﬁ rl-gi%%\{éq' &%‘h%glld Becﬂd%gé’&i @rﬁ?;: g?'@%dt Qbrluﬁ/voére now

I'SG, 1 n steps erence to the
mbrer sophiisiated) Ibsteatl of tﬂwbtbokﬁoetlhg siefh@rsmneé Jluﬂ’(dl-‘ﬂfettb@ébglcal

affieds (G BRpmerry R0 ARG FEBI (e SEckigLyShst IS
f&rrﬁiﬁ%dnﬁﬁ%bi’alﬁ‘iﬂgr%ﬁg rfﬁ@ph%dr?bé@dresé' hhépﬁm@(lfdwéis(e g. of

ow t he second eftbodi hent operates the mapp mg bet ween
8

Flgegﬁ(ha)l aa@xﬁ(@)éstom@tewg gcnaesmrp@aﬁugr@ugr @hgs dgtermining the
[.ock

blgﬁlﬁsbafmeng @‘ar%éilwezgﬁ'ﬂg gﬁ% éé‘% ;?relgth rh@olumn 37 of the

mefibirg alddeskst B plegtable, tfmmsﬂmemw \nedlpamlsm coluhm 38 of the
correspondi ng group of bl ocks. si bil]

cleag t@*@l@r@sﬁj@n h)cé\l% 'Bét%%ts hﬁ Fog@me to the' irst & queuing
blpgﬁkbﬁeﬂtiﬂl this Jefgesbér%ﬂ%rét%a dd'8 r%f&@ﬁ&i&'ttb‘{ﬁe RFRSpBhding

O correspond to consecutlive

biadkl roé:‘dseilrst'aueufngwgﬁoma@e difie gaotp lit diodk t@@xxf spttioma5 of the
| ast bl ock of the groug) ‘corresponds to the | ogical

MER% SEdERR5BRR gAY Chef ore the | ogi cal address

corresponding to the first page of the next block of
T?lged&lrcgi%?sth&%'ne E@{:%rﬁi(éfl%cﬁim@ht Ypeviates thedappiiy bbtween
ar ger an the
logical address regions and respective groups of blocks. A logically separate
issue is how the embodiment maps logical addresses within any given logical

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) corresponds to the logical address consecutively before
the logical address corresponding to the first 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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nunber of pages of a single block, will be witten to

the nmenory such that the beginning of the data is
waowisnensg o a page specified by a |ogical addrBSES$G2004/000017

t henconsecutive pages of the block are witten to

until the block is exhausted, then the remaining

portion of the data is MWIt ﬁn to the first pages of

t he next bl ock. However, is not the only

possibility. In a preferred formof the second _

enbodinent of the invention, the master control unit

erate such that the Iog|cal correspondence of

COA}?&P@ \Rages phiedlack arewglrt@urto ontibthe klockds exhausted then

YRR o Lt RSP Do R A o

t he f| rst four | ogical addresses may be rrapped to the
However, dhigels 06t ’d!mcbnlryf pbmbrbiyochksa prreforrdd fort roﬁffttheksecond

f bl
ey uhS Thre Moty dha mateb aPrisaliinismey ahasata sueh that
thedegicaf cbﬁésﬁcﬂfdéﬁée%@é&dr‘é%sé@% %b@%% oﬁgﬁje g?dlﬂ?)of Hid&s is

next four |ogical addresses nmay
‘vedicghdSpagifisalyt (asseming, fondhdisaké of (exampbh ¢hdti thieke are four

ot g 55 e 5 Rl BB ot s e
frrp‘armges‘ of bacisef ﬂ@bl@lc% |(| &fthbRstAbg IR a?ﬂﬁe§§tc9ﬂ%e firs? 2 page

i s anot her he master control unit trea
°fst5? élrdfblpe'& of é%gém,.tbe sesgnd degiaald eddlsess msthe first page of

thE WcBRRMGLR B tﬁé %@[}Egvghd dd° oégstﬁg Ew ¥t \flé)qr garcél \%iﬁresses

respective bloc pages a

mayebewﬁa;b;m@i teeihessbdboad ey eal df dagrafiihe ook Qi sed frfth Iogrcal
rizontally along the page

ad\é‘?‘eﬁ%@ %Eéégg@%%égg%wﬁh st biagksel Hagatotpy theasix Ioglcal
add@@ésumhe'decbhé p@'@léa%f%e sBENEBRCRRATRL: grgpg af§ &) oy,

shows what happens certaln anount data’l
be witten to a location to group 2 (i.e. blocks4 5,
T0s pathothy .anpieen ave atheadaasiss aontrahi ahitt Fietrbatsi metsIf four

e g Bl L o SHIRS PghhSh L Yosi e

pargegeofoﬂ'rd)réudeoﬁve Betks. SThe g b@%s%cré\@@r G éogrrrérh et of
logip:{ﬁ dgl nni ng of the data is vvrltten is the 17 pages

fresesr &l haye #ie tsamgr offpet Tvlue, pagasueade counting
hofi2dfiafif ai&Hd tbhyed B Bid refictlivé biSck (i.e. these pages form a

‘column” in the physical address space).

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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first down the first colum of pages, then down the
next colum). Thus, the page with an offset of 17 is

wa b@soeress ndi cated by "A".In the witing oper aeCD8G2004/000017
data fromthe old group is copied to |locations in
group 2 indicated by the hashed area 32. Then the data
in the wite packet is mwiﬁ%en to the pages in the
hashed area 34 (i.e. startThg at location A). Then any
data in the old block which is in the unhashed region
36 following the region 34 is copied to region 34. W
now turn to a third enbodi nent of the invention. The

In the wtirgroperation: datssieerites olchgrauprist caitied & RGALIONS i group

W,th one (i ' r : . ' : :
2 it ion e B Rliveg 2 VSRS detd Jh e WPME Papketis witten
to titepagePimthedieasirelaiea 3Mg.enetmting atdoestiormAppTen any data
_table to be changed, and data contajned in tht V\RI TE .
in fheseldloplonihion anviherunbshed seaonosa iPieias hraeqian 34 is

' econes associated with the | ogical

Coglggﬁésr}sygbtﬁh%eéoperati on of copying data fromthe rest

of the old block into the new block is partially

suspended for a pre-defined tine to see whether any

new WRI TE i nstructions in respect of the same region

of the mepory, spac e r i [ T4 cald :
W b SRR RS R PS8 oy BTG embodiment
res&bat ihegfitdh amisediment, i sutt @itheone ((Irhportant} efiffedemce. In the
ogi cal address. Suppose that that | ogical addrzss i S

|
thireh embasimeat. fellawingsa WRIR insteucdion Wi causeh e gnaiping

‘ de?ibgﬁkggghneggﬂgr%%@ féb*dtr&es][ fﬁ@f‘ﬁ}é gfibf'_éagcbcﬁé AUHRSP and data

e age 4 0 ther suppose that
cdnfsined ds efe BMRIKE ainstringtionofo bé wiitée i Liatee a2location Rifgthe new

biohy which Besasie sssacmich il Ba g 58rsds, 1P, qperation of
coggﬁgpgké;ﬁﬁgg%é b8Pt 18 AP bodk MEedtd nedg ®IdtK & gartiauy

as Y stored at page 4, data | abelle )
suspepdee $orsa pre-defined timedn seeewhetber @nyt newMVEEKE igstryctions

. the erased condition own as "0"). c I to the
inrEsRst e P AR colh & R Re S n s A RS

i mredi atel y cause the physical nenory in blocks 1 and
Spedificallfesaspsdomat aVRITE iféthjction is received indicating that data

A is to be written a certain logical address. Suppose that that logical 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 labelled 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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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
w@oroseepsndi ng to their previous pages in bl ocRCDSG2004/000017

Bl ock Owoul d be erased (and an index representing it

woul d be at the bottom of section 25 of Fig. 3).

However, in the third enbod#%ent of the invention the

physi cal nenory is instead itially rewitten to be

as shown in Fig. 7(c). That is, the data Ais witten

to page 4 of block 3, and the data X is copied to

pages O to 3, but the data Z is not yet copied to
woslgebeserased (@hdbadrdsx rapresepdingnit werld rse iat thai lgottom of

nf | og,for a time period given by a tiner. If

S%@“FH%ygﬁEgosythis period no further WRI TE signal has

been received in respect of the |ogical address

Howeves pianthienthitdoepmoeirhetf ob tlas Kndentidre the Ipaywcat enemory is
S’?feratlon is conpleted to give the data 1( age shown

aq iitiadypiewritiaRelpebe as s Pn'@ Fig & (pkr tha 18, fgndata A s
w}?ﬁbﬂﬁg EWSL '3?' 8GRk 15‘3 Bopigd (}g sl 3, but the
at a ofed at t gl Ca a ress now

datar Z és pohwbtr@meﬂ frapges 9to Bl cmfclkloek 3t Abe gylstesn deatnair® in this

caittrghog e e Baripe givan Bia dmehn B ter o Bt fis pagiod no

ftﬂfﬂﬂérW\FR]TEe&bHSI Aa8Medn PEcdpEd afl- rés?e@t’ of tRe aBgical address
his period no further WRI TE si gnal has been received

comes@@pbm topaghd pbhlaskl 3,dbencthe wota eppwiionng aampleted to

offfedtdla Fy95F shovhdRioa”el, Helie R Rl g pesiog 2 new

WHRITEY &istruictionl i iregeitdd svhish irticatereivay\BaldEB ’sto betstored at
is received which indicates that data Cis to

the lpgica! afdiass Ny reEesRagingsto page Sopf rlde%ﬁdthwem@ data B is
h
TRRER o bics L8P 848 s Ml £ R e
tipreo ceennstgrioe again fordefitelanelv tirne peaisid. page of the
block 3 is reached, or a tine period goes by w thout a

ns tion being s ecei [.ndi.cati ata to

g3 ey S Phats dipotont SHitG (R TEHfn s e tbaied in

é’t%o@fc#(tﬁé"Ié@c%dcﬁe*s@%ﬁ@@bbﬁﬂmd\m Pabéaé of bl&&ABSs then the
that data A, .. can be witten
write operation is completed to give the data storage shown in Fig. 7(e).
However, if during this period a new WRITE 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.

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 written to the
memory device much more quickly than in the first embodiment, since 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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menory device nmuch nmore quickly than in the first
enbodi nent, since there is nmuch reduced need to copy

waela108/069288 exanpl e, during the sequence of st epSI/SG2004/000017
descri bed above, the data X only needs to be copied

once at the verybeginning no matter how many WRI TE
instructions are subsequently received in respect of
consecutive pages. The flow diagramis shown in Fig.

8, and differs fromFig. 6o5gnly in that in steps 8 to
10 are replaced by steps 8 to 13. In step 8 of Fig. 8,
only the pages in the old block (i.e. block 0) before
the page in respect of which the WRITE i nstructi on was

oo GOk oW FEATHVRL e Fucioronare s B fboeived
!n HorToT- Iy ﬁgédﬂuﬁvgg,\ggglsock correspondi ng to the | ogical

I ess. n ste I's detern ned whet her the Iast
page of the new bl ock has now been witten to,

ThdqﬁoWe@lagearpna@é@Mm iro Fig. & argl d(fiqﬁ@rfm@eﬁg o gpg/pxrh@hat in
st%p%ggev:ﬁﬁzi?rﬁgrgtp rb%ﬁst?g%%l : nks%ﬂrquc(?ﬁ:lﬁ BSonly the pages

in rtﬁé Sy *b@bdkna eeﬁnﬁktO)OBeibfwthwpag@ms@spmt\m‘ whigh tbfe WRITE
he new bl ock. If so, the enbodi nen

lnsﬂﬁl@t@l’i wastregeivedaate copisd toabr QY i}t’@ﬁk dl. e| ‘%"%ﬁbt : ﬂ‘i‘d the
dthh ﬂc@e b%&l?ﬁb%t%ﬂf)p pb\ﬁiﬁehh?o 6! g%tget he tﬁégﬁév\pfblock

pages, after the
cdresspopaiey tmtheekxgpml azfdre.ta dh sieN\PE itHsi deﬁelnmmedawhﬁé!ser the

s bk Bl ST RRRSubeSlAD. Ml oo rocoecs
to”?t%@ 19 EH&{@%% t«ﬁ%‘t@p D HBREWBEE d@t&rﬁnh@@twhéthea,t within the -

ment is in step 10, a READ
pliedsternuinedtinia; a eeay WRITH lm%&pﬁ@ﬂ isfrecaived darespect of the

Ry N

theho W didrad éd@ﬂo@@k&addkotm 4ths % Of nefg tin pdtepel 2 the kenbodiment
physi cal menmory (I fromthe new b

copigs g resl @ 818 p0E0S ebHineld bieck (he. ahaﬁ@s%eweﬁ e After the
|agﬁ p'g@gf’i\eges%gcp of \fhith & VR (l)nslﬁﬂ%‘éﬁs\n% FSSENRES St@p 13

was written recedi ng step
colrbgsondsetd sem 1 GefdFid. Ht dukpld block (block 0) is erased and the

memory mapping address table is updated.

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
logical address 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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In certain forms of this enbodi nent, the device may
proceed fromstep 10 to step 12 also in the case that

WO p00sHeg2s8sl0 i f it determ ned that a new WRI TE PCT/SG2004/000017
instruction is received which instructs data to be
witten to any | ogical address other than the next
consecutive page of the n\e/\% | ock. In this case
t heprocessi ng of the new E i nstruction can be
begun after the flow of Fig. 4 is conpleted. Note that
the tinmer is typi caIIy set to a period of a few
mlliseconds, such . If the device is

picsssing «xfitieey nﬁWo\MHrIﬁE lh%igltc'ﬁwf‘t ¢AM be megineaitardhaifiougof Fig. 4
P ter the last WRITE instruction is received,

is %nlln&ge?;e is a danger of data being | ost. However, by
setting the predeterm ned period to be of the order of
Notd thaketheﬂmer i5 hymcamwseﬁtonatpermhof adew tiliseadridst Iseich as

dat I ] ed. No t the third . .
o e o, HIEVIGR ot ARGOnRGIEs. M Her ihast within the
geﬂoarg-ﬁ rithRd qaﬁfWﬁl?Eﬂﬁgﬁﬁéﬁémg‘?@céi\%d GcPlen there

ng| ng to z turn now to a fourth enbodi nment
ist aelangeenf deta beéingdosthélawsivied, byrisettingethe predvetemlneﬂ period

H )

t RO R A% Pl i e Bah e his, S TS SinckF oA S el cate

Wilk®Ri ¥esurehe skcﬂ@dCNotédm‘a@StﬁéS tHed fe”mb@@in’féhtt b\fetrﬁ@Siheéntlon
control unit from TE instructions

reducesita the fisd e@mb%@\eat inothe imi %éh@@*ﬁdeteéw?ﬁc? pefiod going
td’IEéIIO notices that a certain |ogical address appears

nuch nore frequently than woul d be expect ed then it
wites that | ogical menor y address into a frequently
Wes efthrt ogow ato addoadh " esadimert gf thed | ingdntion.t hékeRANe third

nmoty of .th ste ontrol unit. Mre generally, the
efRRGIBAR 1 Cui PedManiaMIYS BtBtay contai n a
plurality of such identified | ogi cal addresses having

Thelthgdtef E8RHSINMIL 7 ITiPSddeihBIRSOS Phattedi rettdnitiery ukie which
programmed to strike |ogical addresses out o

regedvas Wreeroginel addrasgesnexiracdedcley  thenarastet @ongpl hdét from
V\Illggrﬁ]i@%}g%:ﬁ%ﬁg? H",\hgﬁrﬁ"ﬁ’gera acelrl%% Cﬁljla?eddéfe%ﬁehsuon, the pattern
recognition unit notices that a certain logical address appears much more
frequently than would be expected, then it writes that logical memory address
into a "frequently used logical address" space, e.g. defined in the RAM
memory of the master eontrol unit. More generally, the frequently used logical -
address space may contain 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 each location 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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having a yet higher frequency of usage. Thus, the

space continually stores the |ogical addresses which
we@ewaneaest frequently in WRITE i nstructions. HEESG2004/000017

master control unit 7 maintains a cache RAM nenory for

each location in the frequently used address space.

Upon receiving a WRI TE inst?ﬁction in respect of one

of the addresses stored in e frequently used | ogica

addressspace, the master control unit does not

initially wite the data contained in the WRITE

instrgctlo into the flash menpory device. Instead, it

SRi¢q dae eaa%irqﬂrmt dogs e ind bh\ditﬂ@héaiﬂié contained in the
Wﬁ@fns%%éﬁ'mfénih%uﬁaéﬂqﬁ{%ﬂ?fy: Jelid. ﬁs#é??,hg%%ﬁtﬁgp data

by the tiner
inta¢he getresponding @aeheeﬂihé onasten comﬁolfm‘( t70thehh®aits for a time

AEERAEEY e efor” i irionanaE B nedkts T Evinsirustion s
rédafvediaton, i'nrbﬁ@ﬁ)rﬁﬁéﬂﬁe' éiﬁ@o@:ﬁferft' 1?5 ARy ré‘c?é?@#djlrﬁ%spect
to the process described above I'n atron any o

of adifferept bleick than dbe measter o@nhrbiammwatms tire dita irothe cache

oSy HEF 8y bG8 58 SHBLEET S REL 9 oltor

atyef shenfirdtolgi thild @sdbamsents FthEhRVEMRIE IFCBRHAE! otHQ# hand,
vvrltgs the data_ contained in that WRI TE instructi onfo

dyiing dhaepredetarmiied peried carother VR rinstruictign tiseregatved in
{ t
reAPeEof i Haire! RRICT SN theh 4E oSk At upit yrfes the
dataecontainedi ih thae WBVTE:ms’truoaoatc?clﬁfehaalh@ qm?artwmbms cathe (i.e.
T. respect of the sane | ogic
oyuEot i FEE Wik ivBs Ve thefe dhe 5o i st Wit pagke). The
timer Isaneh rés@felhe predeterm ned tinme set by thg timer,
the nunmber of those WRITE instructions which will

cause a E)conput ationally expensive) wite operation to
hiitbpe saan that df thiel deviee Iorecettes aﬂaugﬂz unuentodr @RWRITE

'”S{r“éFLb%S@iﬁeS oGO0t 81 st sodiont ARl efdigss: Spaced lart by
ars eparagei tirge aviiBh TElowestt thef tthe lbréd@t@nﬁﬂeﬂﬂhﬁfﬁ sé‘tdlﬁlmfﬁé timer,

and dat a bevvr tten to that | ogi cal address

the Jyreber @ sW@TEeIﬁ{strw@iWSpwh rwillr e usgia (aemputationally
expensiR) Wit Bperdtion!  thd memory device 9 will be low.

The structure of part of the master control unit 9 is shown schedule in Fig. 9.
The master control unit 9 contains a section 51 for separating a WRITE
instruction into a logical address and data to be written to that logical address.
The logical address is sent to a pattern recognition 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 embodiment. 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 61 reaches the end of the predetermined
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keep updated a frequently used address space 55. The
master control unit has a switch 57 which determ nes
wob@sienss he | ogi cal address of the WRI TE i nstPCDSGTN/000017

just received is in the frequently used address space
55. If not, the data and | ogical address are witten
at once to a unit 57 mhlcﬁ\Mltes themto the flash
menory 9 according to the nethod of the first
enmbodi nent. If so, the data is witten to a cache
nenDry 59 and a tinmer i ntimng unit 61 is set

If the timer in timng unit 61 reaches

peréiﬁa it QW@%@%B@%@W%&'@%H%@ and seUesSRRIHAY H%@;‘@@' address
o830 B R SPRIn LRSS0 g e o aingi i
Q(ahshom Dhtyug singlegtimir(gadinis Bd)yvskhatrtirwr@ wih g etypucail;ngontams a

oS BRGHNB IS T AT epaie Peitaltaddesien fLi Aaofeatyanit

Iog‘gll‘ﬂalt BGdfés@%&l%b' YandNfdr Sed 30 icFahe38doa il HRRFEsseNthdi@l is a
each hese |ogi cal addresses there is a respective

re&mqikyemebeynwcmlpcatlonf a READ instruction is
received, a unit 63 determ nes whether the |ogical
d e d
¢ SCRERTE R 1EEERET PSR abBrtfod SRR 1t ooca

amsﬁswometomrstmmdrm hine: rfgeq Uéntlymseldtadch‘eds sbhee, and if
ta fromthe corres ot herw se

d ondi ng._cache meno

sq getgrpines Whsthephe egvewf?meg&mr & mﬁymrr«ge If 58s it reads the
aﬂ%’ﬁ%ﬁ’tﬁ’e 86858 Eng gﬁﬁﬁ?”gﬁx‘éﬁﬁns%eﬁ §§Q amet 87 to
t ress ppi ng tabl'e )

e menory ad according t
reah dharedatad from thee flash smesrdrp dP naetordinign teithé ecom:es:mndence

e

ofOthégfr@fne@rﬁbddimeﬁ‘!T)’leeﬁﬁ@F chset abnebdéd Qhe JataXinePlta packet
he steps o are i nserted between steps

wfzcmsdtranmltteidgout@f (hﬁndewé@ tlm\m the intesfageid.s 51 and

57), and the st eps of Fig. 9(c) are inserted between
Tr@%ﬁf&ﬁ gbgf rhgadlﬁ%érﬁ‘g%ﬁgtr \,\éﬁf'ﬁ‘sgg g)(cé;%fth‘é? ke steps of
Flgag@)las'etuh&rthtt Iaetmaehlﬁebaét alRI3Th Figetd (antd performed by the
unlts(:§1J 8 gﬂ eecétegfs of rI]-'ag é{)c Ia(:rgllnser?ec? Eetween steps 2 and
5 of Fig. 3 (and performed by the unit 63). In steps 7 and 9 the data which is
written to the page is the data in the last WRITE instruction 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 timer may
be arranged such that the predetermined 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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Whenever the unit 53 renoves a | ogical address from

the frequently used | ogi cal address space (i.e
wapaaneessinit 55), the data in the correspondi PQI/SG2004/000017

| ocation of the cache 59 is witten to the nmenory 9

according to the steps 5 to 10 of Fig. 3. In either

the third and/or fourth enbggdi nents of the invention,

the tinmer may be arranged such that the predeterm ned

period which is only a few mlliseconds, such as about

3ns. |f the device is disconnected fromthe host

within the predeterm ned period after the |last WRI TE

fh?'ﬁlsfhﬁh’@t iSord | dangeke| e datd cheingelast sHaWeNRRePYorseliiith the

prEgLe h%%‘ %e% Eiofft e%‘?&%l‘ Blgrnflr?eo%rn ghﬁ%%h lghncbtloo?cur

perlo e or er I'secon
amibthuscallithe ajada twilisbalsectitely dadredwiNdte that duautleird) and fourth

tored. Note that the third and fourth enbodiment -
erEbRHITIFREHB! E1F BHERLPB AASD TEUPR A0 R St GHDBeRmEt 1 e imit

fﬁﬂ@glréc??térrﬁﬁemf;e i@foegéih 'tgiz8fsl period going to zero.

at none Odl ments descri bed above
@@gw re a block allocation table (although other
Netetibat nene of thecerpbodimenrtswitiseribed abovegeaguire atbipelepllocation

N T TN N N e

possible within the scope of the invention as will be
Alieah bolyaa Sewl tedodéradets. of-the dmwmba have beeat dessibed in

of .t he second, ird and fourth epb ment s n . )
d%*@'éﬁ??f%» rﬂéméé(ﬁ\‘ﬂﬁﬁ%s e HpS Eﬁrm tﬁéﬂ 8%30%% O?ﬂa%ga/etnﬁen as
wil YEPEIBEE (PR sﬁplle@'réaﬂgﬁ lf&aéﬂrﬁﬁledﬁ%féﬁﬁfés(éﬂﬁb%c%ﬂd third

the verti cal I'ing of the pages of rou
arm bkt embq@tlmbets ean I’Eiaaidy mcerrtmmdmntan;yf coh@matlon and

ind&es She Gridha ?M {4k BetllirSS deRHBRY BHANERE e yertical

fxlngbﬁihbtp’a s & tpe ou’og offbisdksh Reptetgireal TRGS!r&s 8abodiment
hin a given | ogical address reﬁlon corresp ond t o

ofdbe inxentioniaan ke @rmﬁﬁ i whicbdegical adduess ﬁea!onrsme mapped to

c f. d
re%hgafvg 89&%1!38 tcg)ngb%%qu} %f%%ﬂﬁ%ﬁtg 8?36 mﬁ@kﬁ? |g gfhgcﬁ gﬁénloglcal
addresseanaithin 4 Pf arlegical taddmssegml carsespEad foocsluspenithin a
the witing of data contained. in
group of blocks, in which a first timer sngnal Is used to suspend copying of
data from an old group to a new group, and in which a second (optionally
different) timer signal is used to suspend the writing of data contained 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 limited 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 memory 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



WRI TE instruction to the flash nenory device 9.
Furthernore, in the enbodi nents above there is only a
WG 2009/069288AND f | ash nenory devi ce. However, thePCT/SG2004/000017
invention is not limted in this respect, and there
may be nore than one NAND flash nenory device which is
operated according to the pﬁénCIp|eS of the invention
descri bed above. For exanple, each of the NAND nenory
devi ces may be associated with a particular respective
portion of the |ogical address space, and there may be
a variabl e mappi ng for each NAND nenory device betwe
deyicsc REdofespRalvasR@IRy e OF dBe apRITeHRBKIRG \ROTHY| anﬁw%floglcal
spondi ng portion of the |ogical address
m%%é%ggﬁ%ganentloned above, the invention may be
i npl emented via a USB connection - although it is not
Ad i mentodned albove, r thepeirtventioni snayr dier inepletrented heiauss USB

cosRston “raliaNd bishat rlRbin Toh RaSte | inbletarddat the
ugst é&aaaur@wayé%rﬁy% ofse RenkSke s isneaign 198BR, Oﬁsbut the

any versions which are introduced in the future.
presenil inventiery meypheiimplemartied dwth eayi ethestversians «f the USB

Staféfréggila?g%vﬁ@?eﬁﬁ@ﬁ&m% %té lkﬁﬁ?ﬁ%g;btia@?ﬁ%{;‘ﬂl es,

TH tdtabinenthy 2apacityage tike dieoizel is ot dinmited Mthlrathmwope of the

interface for tran ferrin ackets into an ut
inyentige a@vfsc@refmt)yaﬁt 'ﬁg%tr %@ﬁ%mdomrﬁ h(m??',@' gt least

10 16@%@% %ﬂlﬁ%\étoi% Oibytes A ven'at léést{f@ cone NAND flash

I'nterface contro elng arranged
to send data recelved through the interface to the
master control unit, and the master control unit being
arranged to recogni se certain data
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packets as encodi ng READ instructions and ot her data
packets as encoding WRITE instructions: (a) upon
WO e@si0v4288) a READ i nstruction indicating a | ogpCEEG2004/000017
address, to access a nenory address napping table
whi ch associ ates | ogical address regions within a
| ogi cal nenory space with rggpective first physical
address regions within the nenory unit, to read data
froma physical address in the nmenory unit
corresponding to the | ogical address according to the
address mapping table, and to transmt to the data
Claim%r f ace one or nore data packets including the data
whi ch was read, and (b) upon receiving a WRI TE
instruction indicating a |ogical address and data to
be witten to that |ogical address, to determne if
t he physical address corresponding to the | ogical
1.addeporiabladaiagjorage Aevige MHYdiaddr ess nmappi ng tabl e
IS in the erased state and:if so, to wite the data to
that(igpﬁy&ét‘éainté‘ﬁgéf%v t@hsferrin idath GodBkehd gntbhﬁnd out of the
addr'éss mappi ng table to assocTate a second physi cal
deaddr, ess region with the | ogical address region
containing the |logical address, to wite the data to a
physi.cal .address corresponding to the |ogical address
accc‘F)d?Hd%teS{atcﬁec r(?l"?f’ed menory address nappi ng
table, and to copy any data stored in other potions of
t he (i) rebinagbersdatfttol @ity @8¢ regi on to correspondi ng
| ocations of the second physical address region. 2. A
devi ce according, t lLaim 1 in which data defining the
mendi) 9&3@?@5@"%6&@@3{5 HeMPYy 'é'P‘gr ed as mappi ng data
in the flash nmenory unit, the nenory control device
bei ﬁgef’ifnffé\w cbRtraMmsH bingerafgd /9 sdAtiadatBORceived through
nodi fying the nenory address nmapping table. 3. A
thedniedfacadodhdinastencentaplirit, aadwhi ch t he nenory
control address unit is arranged, upon being

i nitjat he._. ' ta, f :

48 S, TS B BB SRS P et
pdddeteai iiodliMNREAD instructions and other data packets as encoding
WRITE instructions:

(a) upon receiving a READ instruction indicating a logical address, to
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
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 physical address
corresponding to the logical address according to the memory address
mapping table is in the erased state and:
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menory. 4. A device according to claim2 or claim3 in
whi ch the portion of the mapping data defining the
worzppioegsbet ween each respective physi cal addrBCGESG2004/000017

region and a | ogical address region is stored within

that physical address region. 5. A device according to
claim4 in which the mappi ng gata relating to a given
physi cal address region is stdred in the control data
storage sector of one or nore pages of the physica
address region. 6. A device according to any preceding
claimin which the physical nmenory space includes: (i)

physifea, taewiteythe sipta te that physisakdddiess, oogi cal
address regions by the nenory address mappi ng tabl e,

and( kg ugui . ' edi ich can

becc()lﬁ\sPI gg’sgdéing%gquwﬁ% ﬁﬂqﬁgg%%%@ﬁga%ﬁeeﬁ e%s%’ﬁ%é? 3 @gcond
physicalt addreds tdygormasthetheclogicapbdurdds regicrhcomdirfing she logical
the menory address mapping table. 7. A device. )
aﬁ'gEPoﬁSdF%}zE"@ Cafiftacta A RiYistor! edresseeeRERANpNG & the logical

j real v

R BEARY 8 e MR o oo raf iy it and to
copyany datc etdred tihethéenpbtioes of dse rfivedpip/sjcil cridressmesglion to

' whi.ch b i at ith the
o A e O TR T Bk e
control unit which nodifies the nmenory address mappi ng

2t abl @ d®vide dREOEANGCOOERIMT 1t | WNICH ' RAS HdFhisd &h8 MRmory
whi ch the physical address regions are respective .
aghimsRsMarrinG taRlgds\starad as mappingedatadndbediasmmencory unit,

B nlor) 8ol of ey BREhekEReRYIG e KNG ceta woon
nyydifying ties meenateryi ateitess aappimg tdkdea gr oupi ng t abl e.
11. A device according to claim10 in which the

3@j o‘rAi éé’vigfe CoH lﬁg ?cf> cEalir(r)'ncé< Tc'n which the memory control address unit
is arranged, upon being initiated, to extract the mapping data from the flash
memory unit and generate the memory address mapping table within RAM
memory.

4, A device according to claim 2 or claim 3 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.

5. A device according to claim 4 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.

6. A device according to any preceding claim in which the physical
memory space includes:

(i) physical memory regions associated with logical address regions by
the memory address mapping table, and
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are defined according to a rule, and the grouping
tabl e defines groups which are exceptions to the rule.

WA 2005M69488/i ce according to claim 11l in which tPer/semos/900017
address mapping table contains a flag in respect of
any | ogi cal address region which is associated wth
one of the groups which are exceptions to the rule.
13. A device according to agy of clainms 10 to 12 in
whi ch the master control unit associ ates consecutively
followi ng | ogical addresses within a | ogical address
region with respective pages in different ones of the

bl ocks. 14, A device according to m 13, i n whi
P he (b ring phy ST Armans e ans ahigh dsi, bPRa g sagiated
WIPrgf-Hee ??o%l bBHFes%%E%no%??ﬁe %ekﬂi%nstﬁttﬁe ‘Pﬁaster control umt which

l'ogl cal"addresses having a nunber of menbers equal
modifies tind ererobribvhdidiess inmapgio tafleup, and for each g| ven
set the master control unlt assom ates the | ogical

7SSO b 6 R TR AR R R R ghal Mooy

regroﬁ?@eﬁeng tl@é@ragemsfaté ch the master control unit is
arranged, in response to receiving a first WRITE
|nst uction to inple the i nstr ion onl
upo BRSO SR B TS F dBeMREdhpyBaal memory

r | r d
pr ed%%geﬂd]-@m arﬁét%%hgq te oﬂr?l @%ﬁ‘loﬁdr érWh@h cannot

betorme dissgciated |witmths logloahuaddresf.sasl undary tlae operation of the
rmtdific?tLon ofh.the nﬁ addr ess dlfication t@ble
mAREr SPRIPLINT Whichyinod IS he dnemBive %eSFéB?BW,“géﬂ e
prior to said copying of the data fromthe first

9.phy sA caéviad daesgrdirggit®nadyp greeediny slafanih addciesthe physical
region, said criterion is whether the second WRI TE

add{gﬁ [RYIPB aF regnestive béqué‘gﬂféﬁq? MRMMPBsYNitor r espondi ng
to the location within the given |ogical address

1d. egled%férE‘}c’gﬁ“?Ht £ BRyCePIcRiims2Rdtd '8 W%ﬁl@ﬁethghﬁﬁyswal

such ction | S recel ved aborting sal
adrypy$ nggioperaei grroumsdoﬁ blotkadn Wne trnamodauaits flee igfdwas being

deh%ed aocorgmgqo a grouplng {ab gtion

11. A device according to claim 10 in which the majority of groups of blocks
are defined according to a rule, and the grouping table defines groups which
are exceptions to the rule.

12. A device according to claim 11 in which the memory address mapping
table contains a flag in respect of any logical address region which is
associated with one of the groups which are exceptions to the rule.

13. A device according to any of claims 10 to 12 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.

14. A device according to claim 13 in which the master control unit

associates consecutive logical addresses into sets, each of the sets of logical
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to the location of the second physical address region.

17. A device according to claim15 in which the naster
w@ovsna288ini t has access to a data cache and i PCT/SG2004/000017

response the first WRITE instruction wites the data

to the data cache, said criterion being that the

second WRITE instruction relates to the sane | ogica

address as the first instru88ion, in the case that the

determ nation is positive the data specified in the

second WRITE instruction being witten to the data

cache. 18. A device according to claim15 in which the

addebsss %@Frfi’hehig%bep%‘f AeRBess Qual fntife Qﬁf?ﬁ&r%}ﬂbio&ks in

response to Irst WRITE instruction wites the.
eaktt group,t aed dat @achcfivenrsslitiednasier congohmnitEassociates the

instruction rel.ates to one or_ nore I ogj.c .
o ckhesses, o et et O e RPRARG, REVES A flsspective
blbBrs ruction relates to the sanme |ogical address as the

first instruction, in the case that the determ nation

Is positive the data specified in the second WRI T
15.nst Autaviesm apepidinaa angmreesding Clgin WaiRB the gnaster control

Vil.C di.ng l.ai LRt e; ;
off b BAGE 0 DeTeR, B Esb T SRIRE ytrctin o
intislgment desarité ingtructioh ainty GBorodetsdmining theat, witbinualprepedined

pattern recognjt | .unit for,recpgnising logical .
PR o8 SHRCERL VMR NTHUCHAR HENPhProled SHREWY @y Predefined
si?ﬁiia?i?y Wifeliope!l atively high frequency, and for setting

sal d Tecogni sed | ogi cal addresses as said sel ected

| ogi cal addresses.
16. A device according to claim 15 in which, following a modification of the

memory address modification table in relation to a given logical address
region, and prior to said copying of the data from the first physical address
region to the new second address region, said criterion is whether the second
WRITE instruction relates to a logical address corresponding to the location
within the given logical address region of the data to be copied, and in the
case that such a WRITE instruction is received aborting said copying
operation and instead writing data specified by the second WRITE instruction
to the location of the second physical address region.

17. A device according to claim 15 in which the master control unit has
access to a data cache and in response the first WRITE instruction writes the
data to the data cache, 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.

18. A device according to claim 15 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
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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.

19. A device according to claim 18 in which there are a plurality of said
selected logical addresses.

20. A device according to claim 18 or 19 further including a pattern
recognition unit for recognising logical addresses encoded in the WRITE
instructions which arise with relatively high frequency, and for setfing said
recognised logical addresses as said selected logical addresses.



