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*159159* 1 Portable data storage device using a

menory address mapping table Field ion
The present invention relates to portwmmmmmwrmmﬁﬂorage
devices, and methods of enploying the degyjcgs for
storing and retrieving data witten to them 5
Background of Invention During the past coupl e of
years, there has been nuch ilnt erest in providing a
data storage devices containing a flash nenory and

whi ch can be connected to the serial bus of a
conmputer. A | eading docunment in this field is WO 10
01/ Rditdle dhta btodage debiee usinma-pemoey dédiess mapping table
subsequent|ly marketed under the trade mark

F'" Tmﬁrmdr.'i ve"!.. In one of the enbodi nents described in
e a mal e USB pl ug nounted on the housing
of the device connects directly to a fenale USB

Tt&?@l@en’c hantisirelstes t6 @oﬁ'ﬁé@le daea storagd @Iév]o‘ésabh@ méthods
transfer data to and fromthe flash nenory of the

ofrinplaying the slexifesder plasing=anshertrieying d@&ﬁ%ﬂ@iﬁn de themisp

controller. Various inprovenents have been proposed
%—ﬂ%ﬁ!&ﬁd QPI‘Hv‘éﬂtloﬁor exanpl e, W03/ 003282 di scl oses
be provided with a fingerprint

sensor, _and t hat access to data stored wthin the

d ] .
o ge baenlp st oued b PRsriasrnEh igteetin puaydipg 2

d%%a‘g@%éd’@ss@&ﬁa%ﬁ@émﬁgﬁ rﬁéﬁﬂﬂ’ Bhd MEhidH canh befdo@lhéﬂted
data. The di scl osure of both t hese docunents is

tol ﬁhle@eplaf biieaf agosmputey A le@dmged@@umwblnéhﬁfam eGP

o857 PR AbsPuB S S pE oN sEs B B e
thedtvsdengasio Uurebdfies!'. I bne 4f the emisteiimentdSiesooibed dh tds
2 which controls a USB interface 3

dopimenn rele BB plismountast oh debausRodicthe douicheoghegts

Sy B8 RIMal8TUSB socket in a computer, so that the computer is able to

transfer data to and from the flash memory of the portable storage device
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 senéor, 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) ofa
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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host conputer 5. Data transferred to the USB interface
3 fromthe host conputer 5 passes through the USB
controller 2 to a master control unit 7. | [11111I1

Frer e reeer reerr reeer rerr e *@0002* 2
Dat a packets are of various sorts. They include WRI TE
data packets, which contain WRITE instructions to
wite an ampbunt of data whiclpis a nmultiple of 512
bytes to a specific |logical address. They include al so
READ dat a packets which contain a READ instruction to
read data froma specific |ogical address. 5 The WRITE

AR HAEET 17 SV e ofup8RTYE Bt B8Pkcthunion

domtéia WRITE hstrigdtionsdb aiteGih amolArolEta wisleh s hmilfiple of
be witten, and then the data which is to be witten.

82 hydes tarespacifirdlogicah addrasse Tbey indude pisorREAD:datapackets
8 okl HREASTIRsPE A Fead e T MU ol aacross

TreaWRIJ E m;sﬂ'uﬂ:ﬁomtypla:ujlyommtaln\sd lolyfoal addfels&mfmtw location at
d.start] e .nmast, r control uni

whighafe e Hab Sne s e 68 Biiecan aiign:of hawmuch

ddtﬁ%‘td@gwme?r a-ﬁ'aethéﬁstﬁ@ Ha&?%‘icﬂ |s‘{8 'bte V\Z/\;nﬁé’ﬁ‘tlf FHail {aRE

NAND flash nenory by command

wgsaioﬁafbg p@uﬁ;&e’@rtomfmnurIMe DBesW&l\hE mmmbncSimWar&s a

I 2 I d
REARIMBIrGR indREREs o\ RGRahAndrRs Hein it fo B acings and
drl melicatiorshdiv nfudhi memompiis o Benead ataRiPtidranal  when
the flash nenory is to send data to the nhaster

control unit 7, lines which send an address signal

TR R e B R S o
NAND ﬂ%as’rdnw;r]mcﬁ?di@lmsnr@swr cwfmt[dh uhﬁgt ctmtt:oﬁd(lthleiNsﬁtD flash
. n
PRy O COBIaE SMmP oS M hiEh ArS FaSaeq by ofid e MArs Raes
sfHoQﬁhs&‘?é‘FﬁéMcéﬂy ad 12;%&“@} tHe3e 1 3&'1?5@%@%%?@ %ﬁn?h

the same tine as comman SI gha
WS@JIW%EEE aigaabwhen deiia istiube switien ta theflasbhahemory 9, a line

\ﬁﬁjlgr'l%%'?‘ldgla READ signal when the flash memory is to send data to the
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 éer“tain 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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a specific address in the nmenory unit 9) correspondi ng
to the logical address according to a mappi ng stored
in RAM nenory in or accessed by the master contro
unit 7. When in response to a READ command, data is
transferred out of the device, it passes in 512 byte
packets fromthe NAND flash nenory 9, 30 through the
8-bit bus 8, to the master caontrol unit 7. The master
control unit 3 sends the 512 byte packets to the USB
controller 2, which sends themout of the device 1
through the USB interface 3 to the host 5. The device

copventional |y powered t hrough the USB interface 3,
dﬁﬁgﬁ 53 2mde pepketsdp thaldtsh &@etrgllerSZ oMpEh ggads thasmout of

“5? i ce powers

t\%\?ﬁv% fﬂﬁgtsghgﬁ%r [ ngﬁﬁéga&ﬁllt%?ﬂ?ggynast er control

unit 7 is lost. Fig. 2 shows the rrem)ry space of the
ash mam)ré 9.. The device i confiqured to

é}%&%\"sﬂs GO entiopally powsreq fhrgug the s inte og,agea that
\%éﬁ‘ﬂﬁ@USﬁ?\terPéJ@% ﬁﬂﬁ?l‘uﬁgggtﬁoﬁitﬁl.ﬁja g#‘(s‘elc't‘) ?&&@&ﬂguter

age storing 2Kil es cont ai n
the deymecpowerscown.olll datasstored ingtheRAMoof thé mastehcontrol unit

%qgsg control data (typically up to 16 bytes). The
s arranged in "blocks" 10 (i.e. the respective

rows of Fig. 2), with for exanple 64 pages 6 to each
bl ock 10. 15 Conventional NAND fl ash nmenories have
E'ar 28hpwgithamemery spagsof e NANB:fiesh mesmonye. The dﬁ!vlce is

o] 816510 IR 1 640 PRt ottt v
qmbgepombﬁlmlesf éxist rducticaseactnpage storing 2KiRbytes) ceddheof which

8BRS 0l P S St R B ESY ot

dﬁé '(ﬁ/pldall? upatbI 1 6 B?te%? n'ﬂ?é daedis Féﬁ‘ﬁ‘?%e@if lnabﬂic\(?”1 6! g? Khe

be erased once, losing a he data st
reapeetiverows of E/Iganvaﬂ'kafre)qaagﬂe Bdpagds Bria edch block 10.

e Y
lnun‘of’r ?LeA?WPg/ﬁnSn%@é;e %Selﬂ'(ér(?ﬁ)@n@érélééo@%@atb' B&hichata can
beI \Svnrlttgn 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 bnly 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
"pad" 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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25 nmenory device. 3. The NAND flash nenory contains
occasi onal bl ocks which are "bad" in the sense that
data cannot be reliably witten there. As nentioned
above, the address in the NAND nenory device 9 into
which 30 data is witten, or fromwhich data is read,
is determned by a |ogical address 4 encoded in .a
dat a packet received throughthe USB i nterface 3.
Conventional ly, the master control unit has access to
a table storing a mapping between addresses in the
| ogi cal address space and |l ocations in the physica
menory space which are within bl ocks of the nenory
egrod €@ inaidsia pagket raseivad thﬁeug:h theyUSﬁaindaer@acee3 t he

CoRUAPY 16 Figiabobblrd T ARRs to7 Bobin g &

meppingbetage agisresseanayi llé@céﬂ édd?@@é sphca@afd Qéc@étﬁms in the
equal to the nunber of pages is ma i xed.

hysigal wmcﬁpaC@dNBlCBraiervuthlabgmkusalfége\mmoahée‘oce which

%%‘"2%"% B 85 e ity RalfeE, Wit B BreRto
Spéeificady, oedcrakildnbkss esappEtteea sespectios eey i ofithe tddical
oL A5 i by o B I ot o s,
Tﬁﬂ%‘éﬁnﬂgai%' fixed. SFHLfsl, te séerb%tndsrh ges aa%gspé%h RAAGSS of the

ster control unit 7 inclu
lQMMﬂSS@ySt em including a block allocation
tabl e, which indicates whet her and how nuch of each of

the blocks are in the erased state or the non-erased

Aphﬂtfeom\'th@fbdd‘lbldéﬁst ftlere @R OfHEr BIGEKs WhichCae\Rst a@sbaated
witten to a location in the nenory which is 20

Wmﬁmedoaﬁ@l addrassep| bbrse are eresastest” biesks whichrare uged for
S5, BeRF 1o boRERE) SBradPBbicd iy o EL BB, e
dioty exdtdriess tabletitselhem{eraslacthstres@vedtblcawent ionally
copies any data in the block which is
The master control unit 7 includes a file management system, including a
block allocation table, which 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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not to be overwitten to a different |ocation, erases
the bl ock, and then wites back to the block both the
new data which is to be stored in the nenory and 25
the data copied to the different location. 5 Sunmary
of the Invention The present invention ains to provide
a new and useful portable data storage device. In
general termnms, the present igvention proposes that the
mappi ng between 5 regions of the |ogical address
space and regions in the physical nenory space is
changed during the operation of the device. In other

'vaords t.her re(rrai ns a one-to-one mappi ng between

of ions and physical nenory regions,
but this mappi ng changes over tinme. This has a nunber.

Tid pRsheantipgastionl8ints fsplavidé Bengw esdnisefuliyyertable datavstorage
nq?i ced that generally the |ogical addresses

deydemr at ed by a conventional operating systemon. the
host conputer tend to be statistically correlated,

ln%é@%aﬁ?ﬁﬁls%ﬁ%}]ﬁésénlﬂ ‘?n\}é?ﬁmgtngﬁ&gg R86 thAeapbing between
.

ptothep resses, then

etybones ifiythiec ldgical daddress space anddregiens i ithe f plygicattmgmory
t han, ot

ers gnd therefore tend wear . out
SRR S FhaPGrRR HIRgF e BRRFRIGTLPE T GRYIGH i Ster words, there
rdrfaink| P BRBLE-SES WRibih@ BetRbeRNsgiBAlAddTaks régidnhe sesphysical
means that the nunber of wite operations which are
mesopryrregians, but thie raappring shasggs @yer f8¢enti al |y, when
an instruction is received to wite data into a page

r ' ' he present nmappi ng of | ogical
T&%&%bgﬂ%ﬁ%g&%%%éég%% is in the non-erased state,
t he mappi ng of logical and physical addresses can be

Firstiyghe presehtinventors/hiave sloticedithat generally thexlagical addresses
iated with that

associ at ogi cal address he '
oRPERRER o2, SRR DRL R nae g e IV PREL B ereiend to
be! Stahb@cdilyt BafrelafedOvhich Pieapsamed ifl thealogitaladdressdsohave a

the new bl'ock. Thus the old data only has to be,c?pl ed
fined oelationship ¢e the physical addresses, then some physical addresses
are used much more frequently than others and therefore tend to wear out

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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25 the conventional nethod di scussed above. This makes
the total operation of the device faster. 6 The
tenporary mappi hg between the | ogical and the physica
addresses is defined by a nenory address mappi ng
tabl e. For speed of operation the nenory address
mappi ng table is preferably stored in RAM nenory (e.g.
in the master control unit igtself). But the mapping
data which defines it is also 5 preferably stored in
the flash nenory device itself, so that it is not |ost
in a power-down situation. In particular, the contro

TR bl oRBShE ausRC U e, B9 e R ficdl fidimsses i

defigednby e niémeky adidrésse peappitig ABBRET Réedpaéd of dferation the
the device is connected to a host conputer, 10 and the

reesr addrRssoMmapRing ta@%m%f@rablmstw@ét iarRANhmesnory (e.g. in
I t; 0 t
tr?’%hrf\%%éﬁ%?h?o? ﬂgrle Bg s cac éﬁ@ dH?QQNI’ﬂ%% d%kﬁhgs it is also
prafapablg stsre:dwaﬂgmjﬂasmahemmy debizepityet, cml tred dr izsisot lost in a
corre ond to a given |ogical address region
'FISB té°'?| rst block to a second bl ock, the
data in the mapping table and the correspondl ng data

Iﬁtprrﬁéhlhf‘ thEQ:ofnltr%I5 BalP sRAGE et df%n'ﬁ Sr Kﬁﬁé pHR@atisth given

he case of the data stored in the f menory

btlmis may ﬁomuytaa@qbyaw@wwghtInelqaétaﬂdﬂess meglgntm@ block is

APEPEYIY ariSiThiet Vigh et delife 19 BoRRE B fiaseomeuter,

arnd mmtemc&itrcﬁmitagqadmeapme: plasteldc st fol Upagsdssthis data
smal | er - t han the physjcal address space, since there

@ 0ener BledbeARERINGtabicWhioh may be iSieed iniitsrcache raemory) As
T
hEbAERE AMIREE Shen Mt eyl SBpRC R idkiing 1o«
givere fogical, addressi dedion rchaages foom esfinst btbdkl tock secordl bladk, the
|.ock th t f
815" gt Brarning Jahle 30l e EoRpaetadtho gtk Sigred it 48 fiash

rﬁéﬁidrﬁ‘lﬂe@ﬂé’a&eﬁéﬁeu?@ﬁéﬂe% (125 %@lef thBedétQ@t&%H in the flash
address regions_ in place of blocks which are

mpeewsyt this maypsimply hendy capyingthadatz sefiningi the meappeing from
tﬁ@%r%’i&% the Eé)cc;hed block before the first block is erased.

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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vari ed, one of the queuing blocks is selected to
becone associated with one of the |logical address
regi ons. The queui ng bl ocks are preferably in the
erased state while they queue, rather than being
erased just before they becone associated with one of
the | ogical address regions. .7 The updating of the
menory address napping (i.e.;the selection of an
erased second block to replace a first block in the
mappi ng) may be perfornmed whenever a new WRI TE
instruction is received to wite data to a location in

t he SiC address which is not ip the erased state.
The weg%_ th?epB?%‘P'_ﬁ‘eﬂd%r§s§dBﬂp%{gg_t(h?spr\qu‘ECt'P” 51 &n Srased
selcBAl T BIBEK O rSplaBE Ch ViRdt bIdK §h NRL! H%ﬁbinrg)nrr%y be performed

preferred refi-nenent of the present Invention, a wite
whgnaver iconepeVRBITie insisudtice isareceiveddiot wate data tchadedation in

@ pPaRal 4d01Es uich S ket B e BREY Sfbut ded ¢ hat no
instruction neeting a predefined simlarity criterion

It wnllp béepkdforiviest dshsgdorctanthiss WRITEVY ebtelittiondid eteived.
E%H od. Just as the concept of the variable address ]
Aligapatively.t b1 @ Breferied ctefinement; of fbei peasent paventiopya write

; ' t j r e .
oriior BHAFIS by I rhalef ort e Boglon = ghen wiRiTe
instowdtiont evapybe hsuspeneledatorora tdesatairf rperioeht Ayd performed only

proRBe et Ak sfilin ThRetdd i pladsiney SiBrl 5-ieson wih the

fir§OiristRti6A [shabcdihed RAhg ehaPperi6d UELEHs! e%eﬁ@%ﬁeéif the
ti%get her than separately, thus I nproving the spee
Va4

lopddiessemappiog table giscussed abmve issmotivateddpartiyeby the

ob A R Gl HOBRAER A M feBEE QB i rememen
isi metivaieid dy athei wbsenctiont ithat grecratipeinstiutdenssdenich are
aspect .of the invention, which may bhe used within the
fegsk@sa deringoat RiafiyRiknsheh RetiRd afntime mreonufisigntiprstrongly
coftdidtelin S der 2R CoPRM n&&?ble?ﬁci&tf "SlocBEdly together than
correlation 1s“that frequently Succe€ssive Wite

sepzsately; t tharss irmpewiifiy thehapeddtand/or tifetimevsi theeportable data

conseqgut,i ve the sane |ogical region. To address this,
StRER RUCRadiiLs COREPbIO! RURPEBINSL 8; WBe PRRFAlen to detémine

whepkF WHotiRBr SIRFAAMEINIVRIEE instruction 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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data is to be witten into a | ogical address region
correspondi ng under the 25 nenory address mapping to a
given first block of the physical nenory, the naster
control device preferably suspends at | east one of the
operations which cause data.stored in the first block
which is not to be overwitten to be copied into the
second block. If during thatgperiod, the master
control device receives no packet containing an
instruction to wite data into the successive 8 page
of the block, then it may continue with the operation
data in the first block into the

f ' h
P9 Ghif5 PRk, TheR ihhay CoBligue Withthe oRprafian oé cpBiingtthe data

. ; . i £ v . tQ . .
inf #REfiVASHIBBR iAo ﬁﬁ]gre%ﬁc‘f%éclépﬁﬁé r?%;tlgglyggﬂgﬁrlug%‘itt@%lp%nod it

be witten into o ocations | ,
reseifess Snecefi more tpaokets specifying tathéhdatiaton ber writtah linfe other

B el bl A8 RS R Pl om
of tHes pabkeskintd tige tHIScIE e th Eﬁi@%se’%ﬁ@%éﬁﬁ'&opy the data
correlation is that, as the present iInventors have

frac: othes portionsyakiivel first bleckintodhe sesond blatkvi ce wil |
receive wwthin a short space of tinme packets

RSB By 06 OB DRSS AGHL ol B

freteentiynrthe naakiee sentrabgevice willesesioe wititih 6hbhepace of time

instructions | ive enbodi nept.s of the present .
oadkRth Gatapig JVEETE Usleiens mpecios exastvthe Agme logical
addreBsPeRafMer Ehan NGt tdhHce ressting the ARhd SagHFHs%d rh&8pping

a data cache operated by the maSter contro evi ce
whengver each of dnege IFHNUIC%;Q@&@ regaivsd,. emhbodiments of the present

BRGS0 B Mo i e BEEAE Bl i
perod the date izesturedeiada dathhcaehd ioperated BittAet Makhd control

fLasg nenDrY as discussed above. However, if, during
deviee her9-Jts Infeal RAM @achecmestonys If necieistrugtiomrelating to the

e V. di aneqrel.at : ne
s ol R e BRGS0 master
contraledlevive gubeeeds i with cwritieg 2theradmaytd ahd flashaflemory as
resets its clogk). If during the perjod a READ . . )
R A o PleupT of [ Pes e fPastod e \WRIEE instssfion is
red@flieis for, i altefiHtivel SmbBdithents, 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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fromthe cache nenory, not fromthe flash nmenory

device. Optionally, the cache nenory nay be | arge

enough to store data in respect of nultiple |ogica

addresses. That is the cache nenory nay be divided

into a 25 plurality of sections, each being for

storing data in respect of a corresponding | ogica

address, and each being assqgiated with a respective

timer for neasuring the time since a WRITE

instruction in respect of that |ogical address has

been received. 9 Preferably, the data storage device

is C e ,of stlng i shing which logical . addresses .
Prs%éa@g{ B’fecg?t@r FOTAOR %)fl%l%ﬁ%@a*ast%f &ﬁtl@wﬁhme Whih logical

f t . .

e e o Tarty geBPIC B2 Bkt FRRITEN, Blfen (e i
performana pattent recogptition adgaritbm rased | aytteainpad dnetesctions), so

th%@gccﬁnoggle%atsr?i ?)fs ghg erfor@rar oé&%&%ﬁgh' ngfoor-‘?ﬁélch ? is worth

pelRFHindtHedh S8p éﬁ@tiﬁf?éeééﬁﬁed nethe précédlhgi’c%cﬂérégraphs
mappi ng for eac the bl ocks which are to

associated with Iog| cal address. regions, but th|
Theodesrriptigniabeve ﬁ@sfm ;h%tdae@s@ @rﬁ@inavgweaaa@pmg fap@ach of

thétbléé ivhfEh gfe]%bl BIEGL RN tkjiﬂ%? Eo‘?%é& P&SiSns, but this

are av or S ori n
walld eegaire \the |memor§tsadttrea$ enbpgngaﬂabtedm tave raatgleae’s as many

t h t f | Kk F | e
eIBinsBt S5 BUTGeD. SbRacks MNRS ¢ 7ablS B Stosgcata. An
all(etn'i‘él’t‘ﬁ/ealst R)t éés&flatef %gl@élaﬁ@&%ss“ﬁé%@ﬁntﬁ hctl\?é‘ Groups of

gi cal address I'ons woul d be™l arger by

bl@@fs dspromamplef, atbteo lgeksg mawlhe) graupedréntgrpupadef ésay) four

bl@gsg tﬂgst a?é}gl &g%@reéﬁmgtestﬁ&z ghggeénone oglcar] address

regmanbumebe)mg@f byhitd egfrésporfing Eféétorf(é@ gogr). The memory
roups may sinply be consecutive ones of the blocks

£S$ rimapRing aable twauld Herthigrcasenglefag Bl BaRI0-aReNHIRPPINg

be\m@@h %%&aé\e tatn'dng r@sggg fivd %ne%?&?é ?&dllﬁal' dddress

are not are group
regiamsps of 20 bI ocks can then be treat ed as the regi ons
of physical nenory which are

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 1o 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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associated with regions of the | ogical address space.
The master control unit has access to a grouping
tabl e indicating this grouping, so that given a

| ogi cal address it can use the nenory address table
to determ ne a corresponding group and the grouping
table to identify the bl ocks constituting this group.
25 Since bad blocks are relggively rare, the mpjority
of the groups could be set according to a sinple rule
(e.g. that the groups are respective sets of four
consecutive bl ocks), and the grouping table would only

o 56, I bS5 Wi Wl Pl 38 S ekt o

oftheigneuginguablag tabl e. Conveniently, the fact that a
gi ven logical address region is associated with one.

of theS? exceptional groups could be included as a
Convapiently, hihantash that a Sivendiosicaliagsiress Tegion istassesiated with
[ iyndi n, gt .
o AUERon LIS U AL B8, W rapoing
addresp table cBhusy dide esemornsmappirigedduiess tabli weuld ipedicaé when

it addr ess. T{1e masisé contr.ol .unit n& assocj ate | ogi cal

R JESSaY orcalsyitin aradping tabledardalsrming the Riwsical meldress

as@o@fétédwit‘hfaPﬂénqgéihémg'é@,g group, such that 10 '
consecutive [ogical addresses correspond to "col unms”

of pages. This concept of providing groups of bl ocks
The, mastee sppkal vait rogy @ssociats dagical agdrassesaindat given logical
i Cddt i gi addresses within a
a | og?%afétg?%rggp@@swreeéﬁ%ér@vwof ﬂ{hc,eol Pondig, group, such that

cansesutitet legicah oaduressew eqrarsipind aspesslufingt hef pages. This
be_used within the scope of the

i nveption, which nma )
CQWBEt?foHFOVi@HSt ﬂ@r'-}lpﬁhﬁf] blecksortei satrespond t 19 tegical address
idl PRI @b pect:fic i :
YR R TBPRE bonn NP R SRNARER, i & ica
adgressigegity ivith icodurods nof paigesa censtituteseahaterf independent

as%{?%g ?)F ﬁ{éc‘ h{]vl%ﬁ\ﬁ&t) ,‘? \gﬁ@:ﬁi@%? lbianf.é?,g %th?# tthg fsctogg oftjltﬁ\éi iﬁséntion

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:

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

(i) 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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(iii) a master control unit, and (iv) at |east one
NAND fl ash nmenory unit, the interface controller being
arranged to send data received through the interface
to the master control unit, and 11 the master contro
unit being arranged to recogni se certain data packets
as encodi ng READ instructions and other data packets
as encoding WRITE instruct{ifons: (a) upon receiving a
READ i nstruction indicating a | ogical address, to 5
access a nmenory address mappi ng table which associ ates
| ogi cal address regions within a |ogical nenory space

the B EBnirbl, b PEF Hrr B0 5 sEFRREE bl date
padketd@s efetling READ awtiuetons i otiertdutal pketd as encoding

address according to the address nmapping table, and
WHRATE instsygtionso t he data i nterface one or nore data

packets 10 including the data which was read, and (b)

gggrgg%®n r'e'&% Y?g ZERErA B in&tiuceion fﬁﬁL EP”Q Ié%l'cggé&&'ess to

witten tot
acmdadsea;snemor}daddraasnmapplrtg]tahjdaywhm aasmmam logical address
o i cal ress

corres ndi Lo the cordln t.he
reSiisr AR deaical ibFnory Srae nitE (osPeRfve atdaisioq Address
e@\'tﬁhs withinf th%omehibr‘{)’r urii€ tb h’éaaaié‘tat ﬁoﬁhétprwyc%lcéﬂdress in the

dress, or not; to nodify the address ‘mappi
mpamné it a@rs@mcmcbnmt@ dberagicaly adsisess agapehrg rt@g}h@raddress

I
mishlhgl @B 2P AR R 41 S i Bods BpbrBre Bot Backets
inelidirepthendatagviioh Was fead| aai address according to the
nodi f1 ed nmenory address mapping table, and to copy any

20 data stored.i.n otions of first

2 ar By resanting WATTE Rshiag insicRting, & g 2d8ess and
détﬁ%rﬁb mm&hqalthétd@ Ra$ ab Eéé%nto'detéﬁn'h@ lPﬂ'\éJBFl?éléépé’d’dress

that within the confext o t elntentlon here may
corestonding rtoctheoregical @ddress accarding tto tire Jnemsdy i address

mrgf)lpfn'do table iRGR the f ef'aseed state and:
if so, to write the data to that physical 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 multiple 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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pages, or READ data packets which request data from
mul tiple pages. In 25 other words, the address

nmenti oned above may for exanple be the starting
address of a multi-page portion of a physical address
region. 12 Brief Description of The Figures Preferred

features of the invention will now be described, for
the sake of |IIustrat|onoI with reference to the
followi ng figures in which: Ig 1 shows a first

configuration of a known portabl e data storage 5
device; Fig. 2 shovvs t he physical nenory space of a
Ble fc':n h Ei devi ce of the known device of Fig.

‘ y address mapping table in a
flrst enbodl ment of the invention; 10 Fig. 4 is a

Pfdfemed featupss @Fthbhﬁveﬁiti%?ﬁwﬂﬁﬁé@ﬂée&%éé}h&éae f@i thatsake gf

enbodi nent of the I nvention
"'H@F@%OWHpWIfhgefee&ﬂ@ tof the @llo@mxj figures mwelmbial n dat a

6 2) {66 v B A sk enrduealits”ohs RefBaranne geta flerage

devigention; Fig. 7, which is conposed of Figs. 7(a) to
7(e) shows the state of a physi cal nenory of a third
enbobigmrithawss theehysicahmemony space of aiNANDI flesty meRiay

h t f the enbodi t
oSeeotid SO BRI LT S 0 L o

9(a) Flgo 3xhows @ memonyaadﬂ;ressfrﬂap;bxhg taplofi 1Rt eﬁfbdd?ment of
[ nvent ion. Detailed Description of the embodi nments

thﬁ Ry %t[ r'errbodl nment of the invention will now be
descFighgds a'ﬂovi@bég?ﬂ%%ftthé sté e%)‘rﬁteﬁ% 17 i %?telr‘ﬁt?o&}ﬁ'nent

shown in Fi for that ason
of the invention;

Fig. 5 shows the memory address mapping table of Fig. 3 afte.r 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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correspondi ng el enments of the enbodinent will be given
the sane reference nunerals as used in Fig. 1. Al

the el ements shown nmay be contained in a single

housi ng, e.g. one on which the USB connector 3 is
nount ed. The USB 13 connector 3 (e.g. USB plug) may
be connected directly to a host conputer (e.g. a
personal conputer (PC)) by piugging 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 features which are not shown

coBuEFRL pe:g dy SE Sy rrpy L oMt it tobt BaHEuter
(e. gu @fpéﬁom&ﬁeﬁ;s@tep(pcmy pmg ﬁﬁ@ & WSBRdcREL HYf the host
in rint verification, rrBIementatlon of

err Alteeatively) apable mm' b@ aﬁaﬂl@e@ gtwesn thenahié should

ol Yo oSS, e AR S TR P afhe.

exph@tlxm Aig. ¢ bBAMHmﬂare/kmﬁwhheoﬂmtpmbhclyma'leblelpottasle
e left colum 21 are i nd| ces |labelling | %gl cal

dafgygtarage dPt‘@’le@n§UCtéﬁa R&A$SWMQEd PTW’% F[CESAIGY relled by
ﬁn&ﬁ?@i}ﬂt'v‘éﬂﬁ&&ﬁor‘?'éﬁ& k'?hé’fmgfé?né’rm&ﬁ ﬁ%lf s é‘ﬁ'?éét? s;\gﬁpﬁe clear

are one-t'o-one mapped to those og| ca ress

to thersidjleshin.thEart.si nplicity, it will be assuned that
the nunber of |ogical address regions is 8 (labelled
by the indices 0 to 7), and that the nunmber of bl ocks

Fi%83 sﬂa@wé Itﬁ@ﬁhérﬁ@rﬁ B@dté@@lrﬁagpmgttab@ased %t@ﬁtﬁy

of these nunbers wil e very nmuch I gner

emm@metrﬁeﬂaﬁﬂahlﬁ igfstereddnihe yplatie RAd memery pﬁzmemaster

cofti] Uf 7, BB 1GREAGHR I (e BRicss Jabenby i idcpriadetdssd
regnmb;ean@bnrthgeigmm drleadigits tabellifgidhe Bocks obthieophydieal
col uggc stores only an index |abel]led

a “‘? P ERRFRIV "bﬂ?c‘k“e‘f%@“ﬁdﬁBBPe fo thosg '89!03239%%%3
re%segf’ P?r smsmg'rﬂpor@ %gu be ddsermuen the ﬂﬁhszeya’g%b.&éﬂ dddi@ss

ata at any one t1ne
regioass 8, (labialied b)t thesnndmsrﬁaﬁb Thand thet theanembér phbkacks is

PGt b0 2. 15 SET A LS R ults VB very
much higher). Thus, the amount of data which can be stored 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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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,
so logical address 67 is the fourth address. in
| ogi cal address region 1. Under the 30 mappi ng shown
in Fig. 3, the logical address region 1 is mapped to
bl ock 10. 14 In addition te4the blocks which are
mapped to the | ogi cal address regions, the physica
address space includes a nunber of other blocks (8 in
t he exanple shown above). These include blocks 6, 12
and 13 which are reserved, and 5 bad block 7 which is
"bad" (not functional). Thus, these addresses do not
In 488iE8h té the mdv@rwmea drébhap@éd W Ehe %ﬁ(dév aaahess  regions, the
preferably the enbodi mrent does also have a
phiysieakaddigsespade ingludes agiumberef eithep biagks (8\m tl¢¢1en@mple

shBfip, RFENThe LRI ERCKR®! Az el P2 vElich Bl Rinspyect and

badlbiock Paich i8 ‘madghobfunetionl. Thesirthese tabdﬁes“dés do not
exanpl e) which are available to becone ma pe t he

ed t
appggy @athedﬁl%ﬁ%g tapleypbhig. 31thaughpsiembly mbadmerggﬂoes
alsGfNE 9 IGER tab Yl Snd BB St ooV BEORE THhikh may be
usetean eoa\mﬂloﬂahufayswbq:erfdrm athar aperationsscmwahtionahint he

t op, of, t he gueue he ot her ocC are ved p by
posiabie’stotatis LR | this Ieved @ Bhret arRISTRTaR T SHE: o
ex@hﬂé}@vﬁ@ﬁ%k@&\%ﬁablm&ﬁrﬁéﬁhdp éd‘tcﬁtl‘@l}bgr&%l address

i npl enmented by arranging fo four [ocationS in a
re@lénﬁry to each store one of the indices and to have a

poi nter indicating one of the four |ocations. The

| ocation to which the pointer points is logically 20

Thegeibledientefépetine as tquaug b(tfckfshéar%%ﬁdw'rnagis in the memory
Rermovi ng t he i ndex_and the ow' of the section

addressappingitalenchEig- .%J@@seml@clfa@re idhe saseshstage. When
= BB S RAIRR O e R SORE YRR il b Mgl

upelydonécangewdladie ipthiern mlsertadantoouheobottﬁm mowenfrilke seotion 25.

oint at a.next one of the |ocations,
Cc?nvemen?l , ﬁ\'ns may Beei‘mpﬁemented by arranging For four locations in a

memory to each store one of the indices and to have a pointer indicating 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 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 control data storage sector 11 of the first page
of each bl ock which is mapped to a correspondi ng
| ogi cal address region includes the index of the
correspondi ng | ogi cal address region (if the nunber of
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 bq coded and stored in the
sectors 11 of nore than 15 'Gne page of the
correspondi ng block). Thus, if the device is
power ed-down (so.that the nenory address mappi ng
table of Fig. 3 is lost fromthe RAM, when the
orrpage of he sprespoadianbiedty. Thys df theodeviot isipowerddown

IS TEmID TSR A EEBIEISS bRk bt Baw,
whentizg desieatisowired W aiw thecaastatedoritit UBRET @il RsyePierate
the first enbodiment, with reference to the flow

thgi mgmary aAGVRsS mappiig table in s BAM using the indises stored in the
SrRER idues i 2 the master control unit 7
Cdeterrri n%tsc;}a Sts%g{r%r?fmi s a READ instruction or a 10

WRI TE i nstruction. Suppose the instruction is a READ

L S o O b SEAGE 05T e
flow eRHgtaROs &WA in SW%M Nd stebh %rpihsfj'hﬁtiorﬂé %g@ﬂ?gir, Bh8%n step

t he correspondin | ock correspondi ng
2 thgymasternanted dinteg detersinesivhiethenitis a RiEAR insitgtios ©r a
VﬁhTEﬁnQﬁ@ lo&O), and wthin that block the page(s)
corresponding to the logical address (i.e. the fourth
page). Then in step 4 the read operation is perforned
accor dj the .known techni the master contro

S{ippesehedastucHon it Pdneteiantergad data serting from logical
addrb586Y, IM8tiPs e hdRer é@‘é@ltﬁn‘ﬂaﬂﬁséé B8 Rl t]é%lr?%s

this data is 20 transmtt omthe nenory uni
mappingetabler ot big Bdto detetminevthe doneespondiig blobk coresponding

ntral uni,t forns, this.,into gne or nor ackets and
toie edipal Bt qrasareBisn Gontalinn e Ioglsabadardsel fuBloak 10), and
wiREIRttha! blaBktthé @RgeYS ScotrelRoheird & haabhRal SYEe.
certain 25 dq?ggbggi nni ng at ltdr:_e 1_ogi g%{é ggg%éf%%@
fouhqrage) sThas instered the read pperations performed according to the
known technique: the master contro! 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 contro! 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).



10

15

20

25

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
in the erased or non-erased state. This may be done
using a file managenent system (e.g. enploying a

bl ock allocation table as in the prior art described
30 above). 16 If the fourtq page of block 10 is
erased, then the master control unit 7 just sends a
wite instruction to the nenory 9 to cause the nenory
to store the data in the fourth page of block 10,
according to conventional techniques. 5 Alternatively,
if the fourth page of the block 10 is not-erased, then

N | . .
If ’trl;{eé H@E@ﬁﬁ J%g{@@foblggkqﬁ ®is ‘é‘?g&%c‘? tg#g:rtég'rtﬁ‘%ét%ﬁgaﬁﬁrél?&t 7 just
selmisemwp)'w astrictibh tn:thdmandry 8 td lcaubashe fiemanyds stbre the

Ioc 1 a new. bl Thi s newblocklstheflrst
daip i fhe 81&15@\ PRo® PURIRSKS, aqearding t copKentions tagrmass.
step 9 the data |ncI uded in the WRITE instruction is

witten to pag) of block 4. Then in step 10 the
Alternstivelydifi thes fourtitpage of thesblockol Q isendtearased itben in step 8 the

mikr bl thit fiseddS Peohbriany it t BBR4F ftabbioled in the
firshthrebasasbsabf bhﬁkbﬁ@br@‘ it tife (B8O %ﬁges %fftﬂﬁclt H@fﬁ) a new

are four bl ocks in the queue, the block 10 wi |
blpglts ERisoRew Halogk is ye - tsat of fhe cusuirg tiegks: RS, mﬁtlérblock 4.

I lop'S e Uit BRI B YR TERRBLEIE 2wefeRTp pooe 4

of8blboké4) Tisgn lire stqexgﬂﬂothedrwenmoa;n;addﬁss ttad:lslelels ,reset to the form
to, t tion

SRS ERS 5o Thel s abROK & WaW ASSREIASL yithdfie lagiegh address

rebltih demiheepfogk oM e?é:%@ ana ac?ed %Nhé de%koé?feﬁ'%  queue 25,
Strajight fromstep 5 to step 8. In other

Siggerthers ate founrbloeks i thaquiese, ite hioek \‘r@dmlltbeereused on the

il re B8R el oo Frasl s PRI LTSt vl ot to o

péd‘eﬁmfhuﬂﬂs nenipdset Mlotectinht thk dpetatiohd of etps2ddbER® may be
regions is nmapp ped to a re%aectlve

performed in any other order, according to the implementation.
Note that an alternative to using a file management system is 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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bl ock, in the second enbodi nent each of the |ogica
address regions (still 8 in 25 this exanple) is mapped
to a correspondi ng group of blocks (in this exanple,
four blocks). In this exanple, the nunber of blocks is
equal to 64, labelled by an index 0 to 63. Bl ocks 60,
61, 62 and 63 are taken as reserved. Blocks 9, 17,

18, and 27 are assuned to %ﬁ,bad. The bad groups are
given in a "dirty table" ich is shown in Fig. 6(a).
This table may be generated the first time 17 the
device is powered by testing all the blocks and

finding the bad ones; following this the reserved
they|deyics isapoweretbbyniestisgsallithg blegks tangy findingothe bad ones;

B, A0, R B, ey o o
indMide bad biddker The ibadiblock table iseher dgriealbt sidredémeneror more

the 5 device is powered. The nenory addres in
of ithg| eesesvach Blgeksn aﬁegﬁate(aiy 1t Imay he reag@erégedm engygy the

F ess regions O to 7 (in the left colum 31)
delk’;b%ls'%?v\om“%'ped to a group nunber (in the mddle

colum 33). There are 12 groups available to be
Theapembry addeassemappiagotabie isf shown lin Fig &(bhddthisscase each of

thé gﬁigéltsnggg%r %réﬁepsq%n(gf%ogg&’bﬂ?l% 'e?ﬂsol'}eﬁﬁf {ﬁg ,\A}nhr%apped toa

gréay indgnbet (InteXmiidie avlumnBF. TaBROaRS 12fgrbbigs Swhilgble to be
bl ocks 4i-4, 4i-3, 4i-2 and 41. However, there are

maprek £ Fearsstive ongs ofxtheplogienliasidress regiphpl and dhese groups

' ald I d
arB TRHIBR ] Edpebife B B 2R, Ba "the bl ocks

whi ch define such groups are given 15 in a "clean
Mostigretps stiredivmg ain ikdex obéay J/, & campoped of theset of blocks 4i-4,

.sj npl.y the.first four, bl ocks 0O, .and 3. Goup,2 i .
i B2 4L LU VB 456 Gt poblok which 2ré ancegbdption  this
sir@Bl’@Mﬁé,’ bdcauBelif kagles \A?ere%}lowgd gﬁéit drbuphR¥ENMSihclude one or

ecause as nentioned above block 9 is bad. Instead, _
moteeblocke arhichawese bad FTdhe Blocks iwhich defisetsush grovipg &e given

. i_Su e w0 . 8, , 10 20 and 11. Goup 4 is,
'ngccc% Wg% o%‘ﬁ&ﬁﬁiﬁg' q(?l ‘e, the blocks 12, 13, 14,

15. Goup 5is, again, an exception to the general
Farudxaartples grap bliosicaply7thenfirst§our 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, §9, 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 8to 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 nmade up
of bl ocks 16, 58, 57, 19. Goup 6 is again regular,
i.e. blocks 20, 21, 22 and 23. Goup 7 is again
irregular (since block 27 is bad), and according to
the clean table it is blocks 25 24, 25, 26 and 56.
Goups 8 to 11 are according to the usual rule. Thus,
the clean table defines the nbers of only three
groups in this exanple: graggs 3, 5and 7. In fact,
in nore typical enbodinments the proportion of bad
groups is very low, so that the clean table is nuch
smaller 18 than the nenory address mappi hg table. The
thaaxtheumemonp exddogss ovapring tahle. diheamaximue ngmbies of rows of

B e PP AU L S

table contains a flag in the third colum 37, and a

To dndieateotidit rigroup 3 rislirostt acoordingt tee tHeo wuleh thelmemodg aaldress
vvhiph{ of the clean tabl e of Fi%. 6&) to refer to
M&RPASN COREARS A HBEBniNg Brd: ARl 3s: @9 & gPrresponding
SR B i A58 1 S TRND B e BARAI . o) to
referstoeobiairethe ekactt memabership of thehgratipeéin Righ6é)dheRrajues in

tR1 1Bl NG P e VoV 1. 2o e Pk Ihieet el debeling

retsﬁebm‘ly fthe BIES PSS Bf thé BlddM BbRASEFigt 6(¢JpNti fies that
the logical address is within the |ogical address

region O (since |logical address region O is logical .
Vel ies Braster: eontend) unitHecauppi awvagYE«ee#rw@rb structing it to
wRLILE SR A0 th lo%ﬁ%l%dr@sg BY; @%%cé@%démfesgtﬂgt the logical

corresponding group 1s group’?2. e correspondi ng
addregs i$ withiruthe Bgical addresetregisn 0 gsihse %Iugica;])le@dadmbl ai yegion O
.t [t 15 t I ble to identi t he bl ocks
s BBl Bitnsies by 2555 ThémarbiinSeihienlopiaaddfasses and
group§ ﬁnﬁii-S@esH&Hé Ciat QHQrééﬁeﬁ%doﬁn%@%ubh% GRUY 2. The

page i n bl oc 5. If this page is in the erased
coyespaniding flag roftacdurnat 37 fis ot tsied SWRILTE notngecansaino to iconsult

il SR Tal B R ARS8 bbb dag Sohols 2 e B arves
them as 4, 5, 6 and 7. The logical address 67 is thus the fourth page in block
5.

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
fnapping 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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instruction is witten into the fourth page of the
second bl ock of the group at the head of the queue
25, which happens to be group 7. The nmenory address
mappi ng table of Fig. 6(b) is then updated to be Fig.
6(d) by noving the group nunber at the head of the
gueue (i.e. group nunber 7) into the colum 33 at 25
the row corresponding to | qgj cal address region 0, and
al so copying the flag indicating that block 7 is
irregular into the sane row of the third colum 37,
and the correspondi ng data indicating a row of the
cI %n table into the new row of the fourth col um 38.
A 1d

I51CoPiRd Fespectively ke the sgaespending pagekef the grouro7 (i.e.

thggg%%&wé;ﬁggg;ogg%é BRRS o S5726 Buld Ba FRSASHRENT 07

the bl ocks 24, 25, 26 and 56 respectively). If
If §ulb%w%lﬂqu/ read mﬁuchrm rerHcemed for theelogishl fnesmbhe address

g%ﬁ?%s tﬁcg q (ge Mr control unit 7

1P es Rt it /2 Adaify teemn&sp higsaresgpeads tg logical
on dh

B D oy SN, ORI SERGH B, oy

addregs mammingidableod’ Eig. fitd). SBhis Himne doilmds;fmndlcomrgno:ﬂ@ that

co'n%séon@fﬂg qtrBS%fel. ?g?ﬁ@&ﬁ%ﬁ#:n 37111';?'2:9 tlg lcgfﬁtathgﬁﬂwls group is

urggtaiap Celuimm Be\lin&icétesethat e basip i9WM rél 2 (ihe tﬁéqggt row) of
he master control unit therefore

"h% *? géb'?hgf fig- b‘%(sb@h%fm@fﬁﬂeé Godrel; Uit tber@cf,qxrs extracts the
blé’e‘ks ot thisoly [P BIdCK 24, 28 Jen BBS gt thd, St babla 'df Figy 6(0).

read the data fromthe’ rth
It r@adghemta from the fdusthkpag2bof thg&tmcmdiblobkebﬂyroupﬂe(l e. block

255 bndtRibile U MEHE Sals, Paekels Bn fainr BAT Beis. and fransmits

th@gacketes)wrutb@th@éé\héékliaoﬂhe'nﬁterrfé‘b% ged for the |ogical
menory address 67, the 15 master control unit 7 again

exam nes, t he corresponding position in the nenory
%%%P&W”Fﬁ\ﬂlﬁtwﬂﬂﬁm éeQﬁﬂVEFd gpr tbedboglqahmemoma addréssnez the

méé;éf néﬁ" cates taJE;[%HQS gr %S tgearéjofrté%em ]:S‘lpa 2 UQB the
meronty oadd:ass h’rwpaingﬁb@(tdfaﬂlg fegm cwhmﬁ@ ith€inds that
corresi and obtains to the
COfeSReR Bg qrﬂgg IS lg/\,@recmvg 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 correspond ing 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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20 bl ocks 24, 25, 26, 56) fromthe clean table of Fig.
6(c). It inspects the fourth page of the second bl ock
of group 7 (i.e. block 25) to see if data is stored
there (which of course, given the history expl ained
above, there is). It therefore, noves all the stored
data in the other pages of the group to the
correspondi ng pages of the %foup which is now at the
head of the queue 35 25 (i. 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
nunber 4 into colum 33 at the top row, copies the
(havingrimpveéd she otharergw@nm ngeb,@ogre@uqnemorrﬁapomdﬁnmﬂagmto the

row,..-copies the. (bl an CQLLEspo
oorn, S RRINRE 3o MR CoRes S Rirebpf B AHRIaRT Y Retom
row@lp@bﬂmhrgg) the bott om of the section 35 of the table
20 (bhaving noved the other rows up one), copies the
corresponding flag into the_ bottomyrow of colum, 37

Nefedthad yn%ﬁowr@raﬁppagwsﬁm fhis Prpeesshisoalimaest identical te dhat of
8

i 4e31RstOft D PR IRGOR IhEPSIBV RS how! 3t now

mbiresyehisticated. Hosﬂeadmsf then béock beitgt determinedsust faom the logical

855" od s o SCBaR R BhaBoh BT h, S rihaSH. 1 i

détBﬁnm"e@Dby oqﬁé#hmasugaeﬁhegn{éﬁb@: éaaeessoﬁnaﬁpgquablel fe.g. of

det erm ned y 0 talnln usi ng the nmenor
Flsap@(bbgandtﬁ(d) (fo. gbtaii a r:oggsraengmgagnpm di)l’)d deterpriaing the

oBr 58 5P SRR Bl 8B P PRt d R of o

mematy| adtitesy nefppidte tabite npopn thelsl rewsindiated t:eh]nen 38 of the
fromthe rowindicated in colunn 38 of the clea

cleamtebl@fofpﬁg 660k Y)'so.Ansiers B, e referenganto ihey Birss queuing
blbelétslf‘l%u d fnstrh@b’%é PQ urﬂ'e%o%lhﬂel 3 loOrfBrenite Ctﬁéeccg‘f‘escpkondmg

erstood as erence to t COTTESpOﬂ

blotk tdidhé |fnrﬂtqunmmg gooupr Gep the.grouplat thedop oftsetdﬂent?oﬁJ of the

of sect on 35 of.t 5 ‘menory address mappi ng
ME¥)a df?ﬁ%"@@%‘tgqﬁgghowthe second enbodi ment

operates the mapping between [ogical address regions
TRAROd& QBRSO i @BBSn® enith GdiTent vpaiatestte) i between

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 pagé specified by a logical address, then
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i ssue is how the enbodi nent maps | ogi cal addresses
Wi thin any given | ogical address region to respective
pages in the correspondi ng group of blocks. 20 One
possibility is for the correspondence to be what we
will call "horizontal”. This nmeans that the
consecutive pages of the blocks to correspond to
consecutive | ogi cal addressga. The final page of each
bl ock (except the last blo of the group)
corresponds to the | ogical address consecutively
before the | ogical address corresponding to the first
age of the next block of the 25 group. Thus, for
c fiee pages ebthe blork @e avrittencto Uil the dhivdkyis @amrsted then

thefBfhdlifliRg JuHIBP bt Al BT tieh £5.hd 'f‘?gﬁ'@%% ﬁg}d‘l@l‘ nextblock.

data is witten to a page specified by a |ogical

Haweves shist lsenoRihe oailys possibility. 1AgE refiefrbg thﬂCJS%ﬁ{ee second
ntil the block is exhausted, then

itten.to
e’%?fﬂ'f’i‘ﬁ'ﬂ tE'Iet inyantian,ithe mastericonirol tunit may opera‘te rsiich that

th not t
gﬂ@g@agggf@%@?@@né&negﬁggg%égr r e§ R%;r% & tF'ﬁegrQé'E’o?ﬁfdbbCks is
éﬁlﬁé‘ﬁ i Ppecifieally I(mssummegt fmﬁhetdﬁzer‘t@fséﬁarr@éﬂthﬁt thetetare four

blg%sr @lgéﬁ}eﬁo&réga)s {5 s? gpglggl %c? | rg%%ééf}ﬁgg rl])%errr]lggp(e)g to the
fi r&t/pages of eactPRrend biotiks)(.é aﬂ'}%“f?sf‘ l?ufser aa&%lé at%%la? Jirs}, page

, that there are four
°fttﬁ§ r%fr Block &l the @gpwpi ff@d%ﬁmelsgtmy amjrm tedhé dirsthsage of

PS8 el IO o i o
may betmapped (y tHehsecondqpaldosi @a’tih @I’Ciﬁieeﬁﬁackg ISfé“ath@fff?] logical

econd roup

f 10 the glock of the
a‘f“ﬁ%s%g {he &&POP P98 ohihe Besidhiockal the mmﬁlpe;ﬂh? cs;])ttheloglcal
{ t
adweant MRARRAN R bIGhe dAtoRl %?A%g St i1 gl Bl dh op)

| ogi cal address to the secon
of the _group; the sixth logical address to the second

Tt this tﬂf@tbﬁl& OvRY, the imaster heooduinitand tesatoets Tt four
the master ontrol wunit treats

coBpolle” (A" SicnkBies A FBerBondn sempedvel de respective

pagesrﬁ'sﬂmdesmadtleé sietky, eTMetﬁhdegsé’%glé?ed Qﬂﬂ?% gvehhget of

i s| ectlve bl oci The pages assocl at
0@8? dressfsc Al dmyeedeessame mfsetthalmnmeﬂs‘wed counting

hoYizbtdly Biésy 5 pagH8 dr e respective block (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 Ioglcal
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 |y al ong the pages of the respective bl ock
(i.e. these pages forma "colum" in the physica
address space). 20 Fig. 6(e) shows what happens when a
certain anount of data is to be witten to a |ocation
to group 2 (i.e. blocks 4, 5, 6 and 7). The | ogica
address to which the beginning of the data is witten
has an offset of 17 relatigi to the | ogical address
whi ch corresponds to the fffst 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

page of the group. These p s are counted vertically
In the writing epetation, data ﬁom@heax%d\grqutels cegieddelleeations in group

2 AR PO ARk 3542 ER A Y AP S pdiREF s writen

to te phAgesvin fheBashel aidacty (idatstartingnatt loeatidrl Agr vu@n iahy data
copled to locations in group 2 jndicated th

in fab plecblaple avHich isTinther yahashed realqméaﬂioiwq&t%iegl%n 34 is

t he pages in the hashed area 34 (i.
cog[e'grt%)iergalo'h% ‘ocation A). Then any data in the oI d

bl ock which is in the unhashed region 36 follow ng the
region 34 is 5 copied to region 34. W now turn to a
third enbodi mrent of the invention. The third

WE TS iiota anfraceTBas bisns o e UBRARAT Fhe i dnhBaiment

re§&mbR the ArstRIMbodifsnt UBlt afthVhe I(irpasant)t differerel. e the
10 defined in the meno address mapping table to be

thigsh engedimgnt f@HPwmQ:érWérﬁEdnﬁﬁUQﬂ%“ wtucrlE qayses (fheimarping

tf?leaemwfﬁé 8o &éﬁcﬁir{aﬁf?ﬂwngftab'@a CHe Ehgﬁied"hhﬁa data

PeEonts "hss0cT a ica dress
contginad iivthe fWRITRyinstiuctidnatd benwtittenr indd a)toddhlenodafdthe new

oIS heabieseassstated i RS Vol el e ‘obSfatn of
cd@%j; daid o the reBt LPIRETId Qfloél@%ﬁﬁ‘l!ﬁerr@v Qﬂoél{ i§ 'H%lrtlally

y space are received. Specifically, suppose that
suspertiad foma prercefined ftimer locsse whethedi any hey TEdastuctions

witten.a ain lo | cal uppose
infrsedt e e Rih f1abe MetooRibddte 38 i odiat ens
regi on presently corresponding to bl ock 0. Suppose
Specifically, suppose that a WRITE instruction 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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further that the | ogical address corresponds to page 4
of block 0. Further 20 suppose that the erased bl ock
at the top of the queue 25 (of Fig. 3) is block 3.
Fig. 7(a) shows a portion of the physical nenory
including blocks O and 3. That is, block O has data
| abel led as X stored at page 0 to 3, data | abelled as
Y stored at page 4, data lahelled Z at pages 5 to 7
and then the rest of the bfdck is in the erased
condition (shown as "0"). 25 According to the first
enbodi nent, this WRITE instruction would i medi ately
cause the phyS|caI menory in blocks | and 3 to be as
wonlslvbei erasied. (andbpn indentreprgsertingnitvwdaldabeé dtsthet bottdm of

the data X and Z is stored at the
%@E&?@P?EI%% 3 corresponding to their previous pages
in block 0. Block 0 23 would be erased (and an i ndex

Hmmveseifnt tmthltd epbodiiraentbf the PObhEoh Ahe pﬂ@@tdapli‘néﬁory is
However, in the third enbodi nent "of the

'n%tﬁ%?mwyt f%NrﬁFWBIQ:QP FeRbewn i Fl'Q}s'f(@delilaﬂ isi dhe ata A is

wrrl %'tktp%getgopﬁlo%? hq[‘?'to ggghee{:f X lg T@aﬁ%é%% Q&Q% but the

damz |9<noSyetoqmpwU topageses to 7t of Bl,oolata Iﬁaesyéﬁm rémisins in this
e sy stem

Phantalion fonafime pST GuPaEO tFORT. 4 bY 4ie sad o6 higinAFed no
futthe WRITE: SIbf'\amea*shS‘eeﬁF‘ileﬁlva' i S;ie%@' dt%hef Mg {4 address

VRI TE si gna been recelved in respect
cmga;mdl@mm @age & of bigohdhen the m\g@ o@erﬂtndm isctorfipleted to

olystifle e SAraGr AR inlg: 70 Frovieia, ke hisrediipd a new

WRITE frestiuetion is esceiVil mmmmdl@atésvfhaﬁdat@@ié/&d b\éhsféhed at
i ndi cates that data Bis to be stored at he i cal

therigeicas addipss siqve spErRRANging to pgees of bl@Pb@kth?n iedata B is

[
HRER SRS 3 80 Y, BP0 Oz Sl PRI, R, e
timeeis teargteded ggain tocdefieki npew tiee perioel.peri od. 15 |f
by the end of th| S perl od no further WRI TE signal has

oG S5 b bR RRISEHEBI PASSER aseiver i
rﬁp@g&gf Q@t? iiGgieainatidiead dofredpYbRdinY 16l HaRyeSé Yrafiscie BOMRen the
write operatlon 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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However, if during this period a new WRI TE i nstruction
is received which indicates that data Cis to be
stored at the | ogical address now corresponding 20 to
page 6 of block 3, then this data Bis witten to page
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 ey ng the |ocation specified
by the preceding 25 WRITE instruction. Note that it
nmeans that data A, B, ... can be witten to the
menory device much nore quickly than in the first
enbodi ment ... si.nce ' Jruch reduc eed to.co
eGP s BB et e Mty Wy TEnBEEUeER. 8 p ST el Bteivea
,nﬁgﬁﬁkxbﬁgoﬁhgmgvega gefata X only needs to be copied
once at the very 24" beginning no matter how many
WRI TE instructions are subsequently recei ved

Theclpwcdiagrang i $EEWN iNeFigadeANdTRERTS JrPmi E@r Froply in that in
Pt 1 FteqogH b 510 41 1uEio 5 B8, i dages
in the |mch bmfckF( g. b&pk(ﬂ)lbefbieetheagaage lrSresnpectteofoNHiohl hek\WRITE

inSioFeny Wt fecaives, Al ooiedtoane neve IBEK Skt biStke et the
dafth OFK thd \RRIPE Cfistrabtiot e ﬁendﬁi 3hé N page W‘tﬁg new block

Instruction 1s witten to t page |nthe new bl ock
cocrcaspeepmgdimtjpet logidad addgemllna&ielp &t .is| determinesl mthater the

iai a1, T bk sle pow SRepREllo, 0P Spffis deRES igEeeds
tostep 133.Othehricy! it stdp110tthe déVidedetdeimines dehétharnedthin the -
whet her , within the predeterm ned tine, anewV\RITE

predeterminad imes a 8w \MalTEq instejsdion isfraaeived, #xrespect of the
nex? %ﬁ%’édt% [1 pﬁkak%Bkthé én?rfbdlq% writes the data
enb [ es ﬁe ata t anJ ?oo S

ere in ste
'[thEk‘! smps1 trnd.lobps batk torstep Sp 1ot ire sée{mdda thenembodiment

st of th a of d bl ock (.i.e.
copigs fiectashgbie paves ) BIEPIGRi 8caf te Haldes. fary. atter the
IaéleEESEtlnorfesP@%t‘;B% 2"5‘!&%{ -gE\S/\tVFSﬁ'tE %ﬁt#&ﬂowaﬁlarseﬁ‘é:&e J Step 13
cdﬂa&ﬁon(ibltow’tep)w of &tga,sédtr@nqkt h@ck (b?ock 0) |s 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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menory mappi ng address table is updated. Note that if,
at a tine when the enbodinent is in step 10, a READ
instruction is received in respect of a |ogica
address in a | ogical address region which is 20
currently the subject of the flow of Fig. 8, then the
devi ce should read the data fromthe correct place in
the physical menory (i.e. fsgmthe new block if the

| ogi 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

step .9; qtherw mthe old block). 25 |n certain,_ .
PRAGEREING(ON i BT RORBUGtiRr coy Pedssan Alet Bediow GhFio. 4
isSdMRpléfed 0 step 12 also in the case that in step 10

if it determned that a new WRITE instruction is

received which instructs data to be witten to any
Nptgthadithe dimerss typically sehitat periotkof actav aailliseoengsgruich as

ew: bh.ac thi sy the, 2 rqcessi ng .af. .
2Bt Pl THE ek Bon S Tee i ook s 5 Bo@ ol the
prdeférnindd pesiod cafter dhe dastNVRITENstrub ok ii8BEcéiSed, then there

cally_set to a period of a few mlliseconds, such

t ' , ] S .

'Sa% %aassupf éa@. beingilast. diqweaver, by hetiing the mradetesninaskeperiod
s T : !

8 ot SR s eBoRE ILERBN AL, B Thod ]t

wilhhge seciiretiatstorbdi idpteotitat tHewdhvied ,erhpodizhéntngf tthe invention

edet.ern ne eriad 0 he of .the order, of . ) )
rf EeB B et dibadtiest e finitding Sretetemune perind going
td2éd, W Il be securely stored. Note that the third
enbodi nent of the invention reduces to the first

nmbodi ment in the limt of the predetermned period )
V‘Zﬁ;itHgT newtte A feurtheembodiment t&f 4he oinvemtionbddkerethe third

j gx@foﬁ - arhi L i ment, the
© obl?trd!}ﬁegp odi rtrjeﬁﬁtergh% '(r)@/s ae%'r?g?.aeﬁiﬂgp'naster contr ol

unit 7 in this case includes a pattern recognition
Theimastei controlemiti ¥ irsthisheaseoiichzdesad ¢raties e seeognition edit which
trol unit fro 15 VWRI TE

SRS Thal B0 A8 OBt s it from
WREPahétlidlions. If, during a certain phase of operation, 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 éontrol 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 fogical address
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recognition unit notices that a certain |ogica

address appears nuch nore frequently than would be
expected, then it wites that |ogical nenory address
into a "frequently used |ogical address"” space, e.g.
defined in the RAM nenory of the master control unit.
More general ly, the frequently used |ogical 20 address
space may contain a pluralibg of such identified

| ogi cal addresses having a high frequency. The _
pattern recognition unit may be programred to strike
Iogical addresses out of this space when their

shAEA 8 Mad B UG W RO&n 0Oty e che dhtoiGaptaingain the
WRigEemstruetiog gt the B %erﬂ@@sde\%e@ E&"’léﬁdcﬂ%ht{égaﬂhgy data

tores the 25 logical addresses
into &g eptresprordingicaehendhe mﬁ@$tehsonfr®lwmt§t thencwaits ér a time

Ll
dHfé'rﬁ'nr}%dnﬁ/ gg%'étﬁ!? @lﬁ?‘i@ﬂg?ﬁ% :gé) @?{W‘EWR é‘%ei%trﬁgtlon is
rea:e\Aﬁld‘l‘(Erl insdneufdrirpof ithﬁ erPBQﬁﬁféqtoﬁ a‘l}fs%é&it (;ég 'i‘@c?wed in respect

uen
of 85 biockh dhen Tnhdnaster EpniEakinibnries doeleiata irothe cache
FIOUS e SR IS ey Bon il iy pstion
apy iof ke finstt todthirg embbdlmdmis afrthesipoatiory. Ifaehethe TtBer hand,

dlg’?rfieﬂﬁ? %jgagfprpﬁge' Iprﬁgo %SGW‘FEh@ﬁtmqﬂgn igoreceived in
rdspethef tﬁé‘?lsiﬁld rbg‘iéélcédo%‘sé slthén rtﬁé%é‘@l@r(%ntrdlg.:rﬁpﬁmtes the

formof th nent, if I'S recei ve
d?’fés?jfgﬁelnegflnath@f fWBJ'EEutmsiruntuamo tivee satriee locatioay its cache (i.e.

oY IS5 RS e S 5605l B bl The

tlmarlsethamrestartedy of the first to third enbodiments of
the inventi on. on the ot her hand, during the

TR APVl B ey’ ﬁ@gdﬂ ;ﬂsae%vésgghg;;é srsof WRITE
insthedtidrieinfespett SPHY ShmbMbdicHl tﬁe‘?r?cirg%dl%%hgpaced apart by

contained in that WRI TE 1 nstruc
an é&%@@rﬂmewmabr\% Iqwercthandie rpmedeﬁengmekda tiered aet/\by the timer,

AL AR bl W ] 5088 Bdrneniaonaty
exgensivey write bplemﬁm/’tbsthé rhénaey BeviBeo Wil NRIGE

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 un it 53, which uses itisto
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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15 instructions in respect of the sane |ogical nenory
address, spaced apart by an average tine which is

| oner than the predetermned tine set by the tiner,

t he nunber of those WRI TE instructions which wll
cause a (conmputationally expensive) wite operation
to the nmenory device 9 will be low The structure of
part of the master control it 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 |ogica

PR OBRAGYt SeTn[458b st (o datecand cPyebBondiBa Joalsaheddress
ard pfa?@@i‘%%QtéthdH%fréﬁiﬁéa\‘ﬁZ\?i@jS%éﬁJnitTg'F NBR! fiat t%ﬁg&&@h Fig.

uni as a switch 57 eterm nes whether
9(apghaws oatjua singletimingeunRBTE that timing unit Bdrtypicsdly contains a

T (i T
loglegieati@redsuspdces andhfdtheddH tSStHdaeMddical t Adres 384 there is a

menory 9 according to the nmethod of the first
respRsdivERR®he memey location.data is witten to a cache
menory 59 and a tinmer in timng unit 61 is set

1 SUBHE0 i BB 41D B b SReh e togica
addessst isayw of thelonedattorealnid the rirexpyenttyi wsed addesls space, and if

sci frieainesyRelhEh 316 apiRoRRHIPg imes o uhBas oyt Eeads the
da¥h Rhe thd BbABspEHdIng tachd Aerhom B9: Biidrwide ft)Riesad Wit 67 to

contains a respective tiner for each respective
read ¢heaflatad froes dhes flaght menfargqOeactyrding te thel ogirespondence

ch.of .these | oqical. addr,esses
defi P urE e Heidr s FRBRISGIRBR B, e ing 1P 52 RRthod
of Rﬁémrbﬂmbtﬁdimnt)i $n leftber Y:é@e_, 4t ehicbdEs tHet ¢atal IMeS a packet
whet her the | ogical address is one of the ones stored
which {s,sansaites utpf thedevaa thraualpthednterfacs 3. so

det ermi nes whet her the corresponding tinmer is running.

THe ﬂ&ﬁdiééraﬁ?@fé%@%ﬁﬁ&@inﬁ@ﬁ%ftﬁgf'bf bg Sﬁire{xﬁégf)?%tqa% steps of

_cache rreryory ; erwse It uses
Figh@(bjare insented hetwdensstepsBoandds i &og.dd fand perfoemed by the

r nce, ,defi ned t nmenor ddress mappin
o E AR S e o M Sl Ao ASd bR SRR 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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of the first enmbodinent). In either case, it encodes
the data into a packet which is transmtted out of
the device through the interface 3. 15 The fl ow
di agram of the enbodinent is that of Fig. 3, except
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 ohgFig. 9(c) are inserted
between steps 2 and 5 of Fig. 3 (and perforned by the
unit 63). In steps 7 and 9 the data which is witten
to the page is the data in the last WRITE instruction
. received,in’ éo respect of that |ogical address.

hoRe HiREr it 2 BANGEB30T AfdePeNg JgFt aHoNRMEEs Y reafting the
prbﬁgté‘rﬁﬁ?ébepé}i%%ﬁﬁg of tgg' &r8br ijﬂ{ilﬁ§éco?ﬂf§° ?nié!sh%uld not oceur,
up t ) I'n e ing

ates un the data correspon
andthats alh thé daia wiliche seeuralyvatorederNote thad therthirg #hd fourth

o BpoRBrerin e i FYeBHan st edRebai Tk bBrin e in the limit
ofitA PRéd@BrmIraR periB 9B tobera! r anged such that the
predeterm ned period which is only a few

mlliseconds, such as about 3ns. If the device is ]
Neftesthahnere efithe embosimasts desgribedrahave requiretableckatiocation
. : ) . ol ve
1B (fiiofob Biner b aimelils b SRR SIS W U5 5B STk Hrable).
However, by setting the predeterm ned period to be of
Althmuglr dely affew emboelimedss of lthe isventich have dssarr deseritsed in

oL b St TR ToE e n o
wifl s cle8H s 8 Sikfiledh@alder Sk ocBRAAPIE e ‘féhthr\%st gf {H#a?ézd?fd, third

the predeterm ned period going to zero. _none
angt fourth ematlimentss cass wadiydbenonebined unr @y combikation, and

; [ J r.e [ re .
k53 Aok abl dr2ah LR lE o ERBELTIR B einp yeria
filireywtheoshgemnbosthefgroupsi sf\otks) s peaferredeThdesan iehsisbdiment
fj H .detajl here, many variations are possible within
ofthe iRvaspiensian be farmesin whicklogisahaddrass regions are raapped to
b Lk r f ;
reSBELAS A8 onfied T Bl BLES B, g i
addrebseswithin agivendobicad tiddressarediion correspond to column within a
group of blocks, in which a first timer signal 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 biocks of that memory
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i ndeed the conbination of all the features descri bed
(including the vertical filling of the pages of the
groups of blocks) is preferred. Thus, an enbodi nent
of the invention can be forned in which | ogica
address regions are mapped to 15 respective groups
conposed of a plurality of blocks, in which the
| ogical addresses within azgiven | ogi cal address
regi on correspond to colum w thin 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
in which a second (optionally different) tinmer signal .
device, 3B fesPeetiFe OIS RF ithe nePrEISRANAING ATHPRR the legical
i nstruction to the flash nenory device 9.
adég?t é%ﬁ%?e, in the enbodi nents above there is only a
single NAND flash nenory device. However, the
As nventioned iabavet ther irwentiont hiay ries piroplemanded hviee a USB

h i . deyi i ch i
coféptitn i AiheugRat B et i hif FPekeet T lePraldhsd b the
UsSBsstah8ad ebpiyedtoy e UEB codbrofféc s derdiba DBND.0, but the

menory devices nmay be associated with a particul ar
presepfelpventionpaay ba igtplementedivith aaddethes vassiess ofnthe USB

. . nory

steyfire. S o afly KRS iR RissRiooBaR BTG

respective regions of the corresponding portion of the
THeotptalamemudyl capacigpaf ¢he Aeviverisimotdichitexb withirt the scope of the
. invention may bhe inplepented yja.,a USB connect.ion -
iVt it £ PESTREADY | 7 deesh MUV, ARG, atere fypipally at least
10MIStas fﬁdeéétaﬁooi\)fweé el ANEasth Gﬂﬂe‘?yed by the USB

controller is version USB2.0, but the’ present

i nvention may be inplenented 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 within the scope of the

invention, but is preferably at |east 1Moyte, and nore

typically at least 10 10Moytes, at |east 100Moytes or

even at least 1 Gohyte. 30
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Clainms 1. A portable data storage device including:
(i) a data interface for transferring data packets
into-and out of the 5 device, (ii) an interface
controller, (iii) a master control unit, and (iv) at
| east one NAND fl ash nmenory unit, the interface
controll er being arranged to send data received
through 10 the interface tggthe master control unit,
and the master control unit being arranged to
recogni se certain data packets as encodi ng READ
instructions and ot her data packets as encoding WRI TE
C|instructi ons: (a) upon receiving a READ instruction
cating a |l ogical address, to 15 access a nenory
address mappi ng tabl e which associ ates | ogi cal address
regions within a logical nenory space with respective
first physical address regions within the nenory
unit, to reaq data froma physical address in the
1. memdY potiable g%ﬁarggfﬁﬂﬁi?%\ﬂcgﬂ%ﬁ NUogi cal address
according to the address mapping table, and to
tranpgngt : 0 € AR and out of the
pac@{% déztg ﬁ%'lf%%él g%& ?ﬁggfggﬁ?ﬁghﬁ%@r egtg% and (b)
davigen receiving a WRITE instruction indicating a
| ogi cal address and data to be witten to that
| ogi,ca ' ermne if the physical address
cor r@ségﬂg&%%%ocﬁrgﬁ%gi cal address according to the
menory address mapping table is in the erased state
and:(iiip B mialsteracoritmlwnitf and he data to that physi cal
address, or if not, to nodify the address nappi ng
tabl e . tq . associ a econd hysical address region
wi t HW I?%ﬁ%ha?@é?gﬁpéﬁf‘gﬁy%ﬁt ai ni ng the I ogical
address, to wite the data to a physical address
Cor ItR& PiptsHage contrblier bgingadrranged to send data received through

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
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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5 address according to the nodified nenory address
mappi ng table, and to copy any data stored in other
potions of the first physical address region to
correspondi ng | ocations of the second physical address
region. 2. A device according to claim11 in which data
defining the nenory address mapping table is stored
as, mappi ng data in the flash nory unit, 10 the
menory control device being arranged to nodify the
mappi ng data upon nodifying the nmenory address
mappi ng table. 3. A device according to claim2 in
whi cl} t he nennr&lcontrol address unit is arranged,

upon "9 A9 Wtie thgrdala te thatehysical addrersppr ng data from

the flash rrermry unit and generate the nmenory address

nappifng ot akd &n t@e Tatdres: mﬁ%ﬁp r‘)qlwt]ébleﬁ?dsgé&c? a second

according to clai’m he por
pbysicakadmtegss regiomwithdiie lngical tardziresp pagion Inehbﬁmngetaehoglcal

“HEREL OGRS B8 i S kR Gy Sreatiind dartedooa

aﬂd&ssnaCESrcﬁng/’tod@x\é' ARFARSP THERD %d@ﬂ' %’E%EIQ and to
the mapping data relating to a I ven yS|

CPBRY iy ‘F’@t&t,ﬁtﬁréd inrpthae pobiens aif that first pbysigal adadnees reglon to

QS GondIToRAGTs 8t oD SR T ne
physi cal nenDry space includes: 25 (i) physical

2reno iy deadc® recaasdingi it ethin th ih oghiehl dﬂdddéﬁmngeﬂ'leo Memory
tabl e, and 32

d
gﬁ&qﬂsn@a}ﬂﬂ)ngéﬁﬁs 7 essger?ppl A p\mg data gt heeﬂgﬁélmemory unit,
tﬁﬁ@h@f@oﬂrbhdbh%e'ﬁ&i aélrr un| tﬁ%\%f?‘iﬁé @pl}pp data upon

operati gn of the master ont
m%fymﬂl%/ﬁ@m@@s%ddrap@m@mabltable? A devi ce
according to claim6 in which the queuing physi cal

3@""Wde§ic%%c%'?§in8rt8 éleﬂn{ Eqn Wit eﬂ"nesrt'n%tn%eory 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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8. A device according to claim6 or claim7 in which
the physical nenory space further includes reserved
physi cal nenory. regions which cannot becone
associated with the | ogical addresses under the
operation of the master control unit which nodifies
the nmenory address mapping table. 10 9. A device
according to any preceding claimin which the physica
address regions are respectigye bl ocks of the nenory
unit. 10. A device according to any of clains 1 to 8
in which the physical address regions are groups of
bl ocks in the nenory unit, the groups bei ng defined

accog roum tabe ]]]_;L‘L.EAdeice .
Secontidiuty BrirRAR s eOGhsioms aMish At pegoms: gasrciated
wifH tHYd Rkl aﬂﬂ?esﬁ%%fs' Jiﬁfér@ﬁé @)"p@faﬁ%nt@f tRe HhSter %Bﬁtrélhlﬁhlt which

groupi ng tabl e defines groups which are exceptions t
modifiesdhe mqmowm@wwseénmogdabig to claimi11 in whi ch
the nenory address mapping table contains a flag in

7. heeridavice ABYorft 58 dtRC6 SAAEH iR SR se) mamory
refiprishareritilithe etasedstdéei ce according to any of clains
10 to 12 in which the master control unit associ ates

8.1 og; Edevigrmeeardingoooidim Buor St rehioagbs Rhysical memory
spHdef %ﬁﬁér Qﬁ@ﬁdé’é Fe‘é%r@dxﬂﬁysma]r“meﬁi V%é@oﬁQC@lh@hn%annot

toclaim1l in which the master contro untt
becoe| a&smnaieﬁ swithitthe elogingl addraskase sinder |theoop@at49n of the

ARl ePrb Bt g s ey el AR bR e

each group, and for each given set the master control
9.uni t Aadeviceaaecortiing td ogny gireaddings slimoin twilaichsthe phySIcal

(%_t h correspondi ng ‘iﬁ respective bl ocks.
SRS B o EesHRAING Bloskerf e doomRGUBIal m | n whi oh
the master control unit is arranged, in response to

106.6CEAVHEGca éécfo?&m}ﬁR{J Eanl of 'd&isOn 1P 8 i ﬂmﬁl&ml}]é Eﬁgsical
wite instruction only upon determning t
aqstregefregioiis are groups of b ocks in the memory unit, the groups being

defined according to a grouping table.

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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period, a second WRITE instruction is not received

obeying a predefined simlarity criterion. 10 16. A

devi ce according to claim15 in which, following a

nodi fication of the nenory address nodification table

inrelation to a given |ogical address region, and

-prior to said copying of the data fromthe first

physical address region to the new second addr ess

region, said criterion is wlddther the second WRI TE

instruction relates to a | ogical address correspondi ng

to the location 15 within the given |ogical address

region of the data to be copied, and in the case that
addtelsés Wavig anadifibet | d?”m'eﬁwtfe% (R tattﬁétmﬁbé.abfi blocks in

copylng operation and instead witing data specified
edgh gln@u;seamcfomacﬁ givenr seit thenmasstert eentral cuni aasqmates the

Iop Lt ot (B Wb TRl 0o ot He rampective

blaaRs. 20 access to a data cache and in response the
first WRITE instruction wites the data to the data

cache, said criterion being that he secoggo%\R
19 nst P\LF&W%?\ aCP‘é‘Idz!ﬁ'Qa&O agYiieceding q B Paph Jgagfer control
ubifSis bfr%hlgleBStlhuFé se %t%gegg?gg 4 it LR TE_instruction to

det ermnaloh Itive t specifie
inspe et Wi Wete msttmmbncnnly bpom gemrmmleg that, Mhﬂmrdatpaiedeﬁned

cache. i.ce according,to claim/15
e asseronb MIREE URSORER .0t aBoflyB MRUhg 4 puSdefined
sitfiRrinncfiesiepnse to the first WRITE instruction wites
the data to the data cache provided that the MRITE
|nstruct|on relates to one or nore selected I o

Biddr 8sdeydce agrarding teelaim baimyhidhafollowdng adpadi satlon of the
m\éﬁlu{lﬁ h@ﬁ?é léCH éeﬁlo?\t ablb °|nt Pﬁaﬁ@ﬁmco g%l‘&éh RYREF Sidress

|rs TUCIOH

regpomer amd\enncmrtm samcmpynnga of Ibhae data frope thé ifiest phrystidw address
second, WRI TE i nstruction being en tp t

e, dat.a
rSERES thhew SRAMHLASRIERT dPaIg, SAE catsorn R WhEkEE kT second
w I:_elr%’tt‘ilcﬁoﬁ' Hé'ia?téé% é’ﬁogﬁé‘él%doﬁe%'e@%@ﬁoh&ﬁb%'the location

resses. : devi ce accord toclaiml
wﬁthrrt Her gwaﬂ lsugu:ag address gegion of %e data to be copled 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



recognition unit for recognising |ogical addresses
encoded in the WRITE instructions which arise with
relatively high frequency, and for setting said
recogni sed | ogi cal addresses as said selected | ogica
addr esses.

34

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 setting said
recognised logical addresses as said selected logical addresses.



