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1 Portable Data Storage Device incorporating nultiple
flash menory units Field of the invention The present

invention relates to a portable data stora '
enploying multiple flash nmenory units. %\%@M\ﬂmﬁmm\
of Invention In recent years it has beco 0
provi de portabl e data storage jdevices havi ng "B
internal flash nmenory. Such a device is disclosed in
PCT/ S0/ 00029, entitled "Portable Data Storage
Devi ce". There a portable 10 storage device is
descri bed having an_integral Wwhi_ch plugs int,
a Pantable Pata Steraae Reyiee incorporating nuhtiplg flashymermgep unl?s
portabl e data storage device includes a flash nenory

quie@t&rtgg%@nﬁaﬁer data. The size of the nmenory in

c ' ns of this device is typically at

| east 8MB, but is often nmuch higher. The overall size

of Theh presant devertiany elatesl io anportaklecdath storage devicesemploying
into,a 5,closed figt. Typically, comercial versions

of MHlipte RS MEMAY UGS NAND f 1 ash” nemory.  NAND f 1 ash

nmenory is available in two types: single |layer cell
("Badkarotincstinvesti®iy, and nmultiple level cell ("MC')
fl"ash nmenory. presently has 20 higher read/wite
speeds and longer lifetinme, but M.C, which nmakes

Y i r

FADyTer ety 3R EEBof pdBhfort GBI Adrtdlic Buldtstorage
Sutevidas Iedvindan limeemdliflish 2berhbey. Buchentevioe ésdisclosad s

to_provide new and usef ul thods_for storing and

RO B Ag/0002% St FopaPI Bl SIoTRes Dityiss” (Rsiea portable

i r i 0 iaYiref ' -

SRR S0 Hp8l ol an 878 PSRRI g oo
USB socket of a computer (or other device). The portable data storage device

includes a flash memory for storage of user data. The size of the memory in
commercial versions of this device is typically at least 8MB, but is often much
higher. The overall size of the device is typically small enough that it fits into a

closed fist.

Typically, commercial versions of this device employ NAND flash memory.
NAND flash memory is available in two types: single layer cell ("SLC") flash
memory, and multiple level cell ("MLC") flash memory. SLC presently has
higher read/write speeds and longer lifetime, but MLC, which makes possible
the storage of more than one (typically, two) bits per cell, is cheaper per bit
stored.

Summary of the Invention

The present invention aims to provide new and useful methods for storing and
retrieving data from a portable data storage device incorporating a plurality of
flash memory devices, and in particular it proposes that the flash memory

devices comprise both SLC and MLC flash memory devices.
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devi ces conprise both SLC and M.C fl ash nenory
devices. 2 This nmakes it possible to provide a device
whi ch has a trade-off between the relative advantages
of SLC and MLC. For exanple, if substantially half the
menory of the device is provided by SLC, then the

devi ce has a speed which is out half way between
that of SLC and that of M.C, ile being cheaper 5
than if the device were used MLC al one. In principle,
it would be possible to arrange for the portable data
storage device to enploy only the SLC initial

urlthis makes #Rrassibie to pEvide\aideyiqenuh Icaé\asc%trﬁae qf%between the
S?&Eﬁyﬁé?@%@%peg%f %@@a&ﬁ(ﬁﬁ(ﬂﬂf Edtexa le, |¥"§{Jfg§a [ half the

nrtrally t erfornan
shegragry ofethecevielis proeided blylﬁtC at$|enfthe Ubelcerttasr@sdeediwhlch

I Bopac ”ﬁtakggw“%remra? 2 SLE PR RMI. We Fsingsheaper
t%@k%éaﬁf,ég it bt’éﬁoﬁigw ce has to start
ccor

usi ng the y preferred enbodi nents of
t he present |nvent|on store data fromthe begi nni ng

[ C and 15 | f f t
T BReeBle. sl Sdetlach abangd Bk rtith dpisomoe
I raevrc@'tmutﬁ lo§ dnly th@ $ihe imgaty2@.§. t@tﬂn %ébﬁfo@&?oﬂ&dﬂaﬁﬁhlch the
by the host) are allocated such't he sequence of

| G‘@N@&I haﬁdt@rstgtﬁeexaa@dsdbp@ﬁaecrtsoobthe S;l;C);mmC woulskeean that

a gl BE Peroifan® 28 g BofiaBietito eIt folla B8 s high as i

a@ﬁé eﬁﬁ@datarstorageqnnctmerefmséd lueIrgeESL@NHoWevef, this leads
data (ma ty“bl ocks) is witten to a sequence of | ogical
a

d@aergmsis fin perf@rrpameaas soep @sdhe Sdéviscexhausteqd and e device

WhaE4E L d P Pgﬂgqht?lkﬁ@edg%é/rd @@Wﬁ%&erﬂeﬁ Bodlﬁe%ts of the

sequence o ress y In pa Icu

cwewﬁ@méntmhtstoneadatb;frdm tize pegitafrignesing botietheoSLC and MLC.

bl ocks of SLC addresses and to a
In one form of the invention, the logical addresses (that is, addresses in
commands sent to the portable data storage device by the host) are allocated
such that the sequence of logical addresses corresponds to one or more
blocks of SLC addresses, then to one or more block of MLC addresses, then
to one of more blocks of SLC addresses, and so on. Thus, when a large
amount of data (many blocks) is written to a sequence of logical addresses in
the portable storage device, it will be written to both SLC memory and MLC
memory. The sequence of logical addresses may in particular correspond
alternately to a predefined number of blocks of SLC addresses and to a
predefined number of blocks of MLC addresses.

For example, since in some realisations of MLC memories, the MLC blocks
are twice as large as blocks of SLC memory, the sequence of logical
addresses may correspond to two blocks of SLC, then one block of MLC, then




25 predefined nunber of blocks of M.C addresses. For
exanpl e, since in sone realisations of M.C nenori es,
the MLC blocks are twice as |large as bl ocks of SLC
menory, the sequence of |ogical addresses may
correspond to two blocks of SLC, then one bl ock of
M.C, then 3 two bl ocks of SLC ,and so on. This would
nean that a |arge anmount of da?a will typically be
witten to equal amounts of SLC and MLC nenory. The
correspondence between | ogi cal and physical nenory
addresses is 5 given by_a mapping table. In typic

|
f IteotblogienefyShip aNchgo obhEhisswelrnesn tf@@dame@ouﬁt of data
C%W%ﬁﬁc#ﬂyt%\twhﬁgn t3§8gaf§rﬁ88ﬁ '%@%ﬁﬁ%[@%%oq.

phys a h

bl"oc 0 Ical resses becone assocrated w
each set of |ogical addresses under the control of a
master control unit, Fbmever,@%ge nastgr contro], unit

rehNeROTERSPARGERCcE Hepvren 0gigal andiRbysicapMenanyAadresses is
. 1 ' W
" PRy 2 ¥ideaRBtede h SRKET AT mima g SRS s
alcomes pendendetizahgest wittbtimek as & resbectirssugcesBionedf blocks of
oA SHieabos Bee bt fesaeish i gachi 8L Y alfasses
|Uridf e b@%ﬂ&ﬁ}é rEinfé? fbﬁfrsr GRE e?-ld\ﬁe\Fé??tbl'{eQ‘nEQt@r 8ntrol unit

[
figures In Is a schenmatic ock di agram

ofmay berastatigedrto emsutéehthat thee mapping tableyis changedsuchghat a

SR Foghd aibhes Hwal et bisfReopsLe
20néEkiony, | st dvays b distad afitH BiecREBPRILIEResndkypOr t abl e

data st'orage device which is an enbodi nent of the
invention is shown schematically in Fig. 1. The

p@riefDescsiption@f The\Higyresncl udes a housing 1 which
has a USB interface 3. The USB i nterface may be

Sy BOR B rERabn B B bRk Kot o
illustration only, with reference to the following figures in which:
Fig. 1 is a schematic block diagram of an embodiment of the invention;
Fig. 2, which is composed of Fig. 2(a), 2(b) and 2(c), is a flow diagram
of the operation of the embodiment of Fig. 1.

Detailed Description of the embodiments

A portable data storage device which is an embodiment of the invention is
shown schematically in Fig. 1. The portable storage device includes a housing
1 which has a USB interface 3. The USB interface may be electrically coupled
to a serial bus (typically a USB socket) of an external device, such as a host
computer 5. The USB interface 3 may be a USB plug integral with the housing
1, and for insertion into a socket of the host 5. Alternatively, in other
embodiments, the USB interface 3 may be a socket for receiving a plug of a
USB cable.
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conputer 5. The USB interface 3 may be a USB pl ug
integral with the housing 1, and for insertion into a
socket of the host 5. Alternatively, in other
enbodi nents, the USB interface 3 may be a socket for
receiving a plug of a USB cable. 30 4 The portable
storage device further includeg a USB controller 7
whi ch controls the USB interface 3. In use, the host
5 transfers data to and fro between itself and the
portabl e data storage device. Data transferred to the
USB interface 3 from host conEuter 5 passes throug

%

t Hdeusstabie siasage device fudherisckides e CO'BFQJﬁr?Vd'nclhcontrols
o s VEHEopert A 3 IR Ul pobebiihoférs Ui torl 8 B8ween it

t edithe iportablndatal stordge devide. @a}h tifaimsferrétt EftlhécmSB mterface 3
The data packets _have sizes whj pl es of

b)ﬂ’loé% hostormputes p Rassed é'l“%'ﬂhtthg USJB Gemﬁ‘é'&rgdtot ) n@s,gqrscontrol
10....
L anitindhe 8o oF tafd Pdikefs, Wimilgfly W infefach onuder P

mamanged! 1o send data erébelyesafrblm\lhef master wentroyuriB9 tiiaagh the
of t nori es na ncl u ne or re

oinfsniass B, Be siEta packels Bave spscihictiare MulfRES ol 62 tutes.
11, 13 are arranged in bl ocks of pages. Typically, a

physi cal page of data consists of 2048 byt es.

Tﬂ'mieaaasger cantsbloriit 9fs denredted tdha beisd 0L svhiemmay fonexample be

r Podh B plisor B ik e B fanaPednerdi s5an STCybd NAD fiash
A@lﬁ’émbﬁ}nﬂ lahd él'i‘MLf@-Npé” NAND flash brrérﬁo& 13 Eacmettrde two

to each of the flash "~nenories 11, 13 by a respective
s aterppriesy maydncludﬁe@el@ mpee: physieallyrsepstiatedintemraledrirsuits.

N4 1 e
R, el h S ebBbSBc A hysic
UpageDfidata oomusttsa)fm bytesteTypically| & biockodfedataive the SLC

memory unit 11 consists of 64 pages and a block of data in MLC flash
memory unit consists of 128 pages.

Additionally, the master control unit 9 is connected to each of the flash
memories 11, 13 by a respective set of control lines 15. Each set of control
lines transmits control signals referred to here as ENABLE, ALE, WRITE and
READ signals.

When the master control unit 9 is to write data to memory, it enables one of
the two memories 11, 13 by sending an ENABLE signal to it (thus, at most
one of the two memories 11, 13 is enabled at any one time). At the same
time, the master control unit 9 sends the enabled memory an ALE signal and
WRITE signal. The master control unit 9 then writes address data and data to
be stored to the enabled memory via 8-bit bus. The memory unit 11, 13 which
is enabled stores the data in the location indicated by address data. The
memory unit 11, 13 which is not enabled takes no action.



10

15

20

25

30

the two nenories 11, 13 by sending an ENABLE signal to
it (thus, at nost 25 one of the two nenories 11, 13 is
enabl ed at any one tine). At the sane tinme, the
master control unit 9 sends the enabled nenory an ALE
signal and WRITE signal. The master control unit 9
then wites address data and data to be stored to the
enabl ed nmenory via 8-bit bus. The nenory unit 11, 13
which 1is enabled stores the data in the location

i ndi cated by address data. The 30 nenory unit 11, 13
which is not enabled takes no action. 5 Simlarly,
when t he nennry control unit is to read data from one

f, I
ol Ery VN UfEmbinory Sonish! G B eRd Yot RERT dncigf (pF°
ES_‘) lr?@ﬂbné@ 143, ltregablyés that rhémory 4 ¢s13 by usirgeone ofithreotontrol
REsebs I NABEE St 3 ekt R e RS cono
e I
IR 9 4R o188 1 i AL SgrE ARG kD sonal, anc
t Bendyuedesds datado ithoe enabledememnd; uging dhe Bebitiblds.cbe enabled

WERBU ot HEaBRTISS GV e DU 074 Bl SiaReANYSRaL gration
t'&?re%ESnéih%‘tBXiﬁ’@aBWﬂ@sfda%ﬁh memory unit 11 and

 ash nmenory unit 13 have different
respective address mappi ng tabl es which respectively

T30 R ER D otk biMbrliBnt WAL b SRS /o5

t asmhﬁﬁc@r\ﬁe WIIPb§§udwé thatthe SLCLYREWAND flasiowamaryturitnt 1 and

the portable data storage device, and together

cdkCitype NANR flagh enemenkunihdd hiang diferest rqspeatwe/ad@rass

¢ ARG 18RS WHiGH taepEctialVimal phisic Adarees wifo 1fe
byé?is%cgvlewaemonesa 1re Bt doicaldaaressed0 Thepe @dldiessamapping

%tﬁblealar? Biscalontkrast in RARLOR sEpwARvEnE hgrrgp'm'% dat storage
C A, anBito§étheresastitl & sihgheinaRterdbping table.

In a typical example, data received from, or to be transmitted to, the host 3 is
arranged in logical pages of size 512 bytes. However, as mentioned above,
typically a physical page of data consists of 2048 bytes. Typically, a block of
data in the SLC memory unit 11 consists of 64 pages and a block of data in
MLC flash memory unit consists of 128 pages.

Referring to Fig 2, and in particular Fig. 2(a), when portable data storage
device is plugged into the host 3 an initialisation process begins (step 21),
which initialises the master control unit 9 and USB controller unit 7, and in

which the host 3 determines the ID of the flash and its location and capacity.

After the initialisation process, the master control unit 9 is ready to receive an

instruction (data packet) from the host 3 (step 23). Once an instruction is
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M.C fl ash nenory unit consists of 128 pages. Referring
to Fig 2, and in particular Fig. 2(a), when portable
data storage 25 device is plugged into the host 3 an
initialisation process begins (step 21), which
initialises the master control unit 9 and USB
controller unit 7, and in whigh the host 3 determ nes
the ID of the flash and its |ocation and capacity.
After the initialisation process, the master control
unit 9 is ready to receive an 30 instruction (data

packet) fromthe haost 3 t 3 t
" FocPNe BT s e HRE oI UL dStoEBREs Y et the

g g%‘icté?( facBRRAME &l R chalaﬁe &aglaﬁge ;;SE%tV(fe,%g s5y2 T ead

_ or a wite pa step ddat a packet
is a read packet, the master control unit 9 perforrrs a

o dEerdasd bagRetis S elnackel i aidhtn Gt bR o PG
MRARLUISN(tep- 36 Paked Q)WIH& |6§1cé|fm1dre§$ spbcified bg?tﬁe flabket to

then reads the data fromthe determ ned nmenory
atdatermladdvl’n@sof theawefrasigsoi, t1|3ecmw9@ods\t@tmjmgm address. It

r 2heh Rehdsthe atR Tl Rl e @RnesmPRd ) 1330 meypgaregs
r %@eﬁi%attgnkhbrreEpactw% aidara§s i piiitable (stap |2<7§1 dreethe method

back to the step 23). alternatively, the data
patbereftemynatemurttlétimmﬁtpackﬂblswageléedé it Isdeplagented in Fig. 2

ﬁ?r?o tﬁ%f@f 5“%ﬁuﬁh?&é{i’é‘bé%t‘b"th%séteé%gﬂ erm ne which

137t 15 After the
type of NAND flash nenory 11, 13 is selected, the

Sﬁékiéﬁa%&éb‘?hge ek o s s Backeto bR Poaes et yeit o
g| I afh% gﬁ]&ﬁ'ﬂ%g 6§t% 295 Geterffing GRRH MeRtori A 1 A8 to write

I ess.
the page 1 to.

After the type of NAND flash memory 11, 13 is selected, the master control
unit 9 recalls the corresponding address mapping table from RAM (step 29),
and uses it to locate the physical address corresponding to the logical

address.

The master control unit then determines whether the page at that physical
address is erased (step 30). If not, the master control unit performs an
operation in which a new block is selected, pages of the old block preceding
the page corresponding to the logical address are copied to the new block,
and the data in the write packet is written to the page of new block
corresponding to logical address (step 31).

The method then passes to the part of the flow diagram shown in Fig. 2(c). In
step 36 it is determined whether the page just written to is the last page of the
new block. If so, the memory mapping address table is updated and the old
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The master control unit then determ nes whether the
page at that physical address is erased (step 30). If
not, the nmaster control unit perfornms an operation in
whi ch a new bl ock is sel ected, pages of the old bl ock
precedi ng the page corresponding to the |ogica
address are copied to the new bl ock, 25 and the data
inthe wite packet is witten to the page of new

bl ock corresponding to | ogical address (step 31). The
met hod t hen passes to the part of the flow diagram
shown in Fig (c). In step 36 it is determ ned

witegieis qraeeqbéﬁjep J3Jé,tamtnetreﬁthqsi tegminates. £anvessrly of in step 36

e BRI nelst i o FogT i AGRUEBF b G wrie

3Backé'ﬂ|¢h rebpectrifiig coasetutiveRsfollGwimgasagd arriveb W|t|n|r$he|0
the determ nation is negative, the net h%@ﬁm)nl

wtsesgeTRIGcHBleTR (Bl Pclso, then therdata for that page is written to
C RS [GHId H&b?lééfé sﬁé\/}ﬂaﬁ %?gethgg;lét}ﬁ?? tHeA Bé 85k back to step 36. If

predeterm ned 1 nte
f oot} theh ipatep 46 the mestm domtrel tihig QSmﬂmopg\nhe) lsucdzee(damga page of

db ofthbigck fo T poi e foa R il peSh 1 B o B Updats Ine mapping
Cap|e'dift 8t4seIRE oRIDIBBRCTRE mdified Meh AbaiRltolRinkfis, new

bl ock and en pass to step 37 to update the nmappi ng
tabl e and erase the old bl ock. The nmethod then again

PURTAT T FIL 75058 300 S BB
| opeeafich ﬁﬁ%)bnrfcﬁh%l@l @?ép 3@) NG ANILE oF ML cepimaiddepending

dependi ng wh ype of flash is being witten
. rarowha typetaf flash ds belnanrlttenbmﬁ%strethl%@mnaapn thei master control

=66 B0 9P ERyABE coyod] 74 3t EISRERH HAR memory
e 3 td)hhlp’lénableﬂhe INAND fflaishanemiotye 11,51 &tmpmﬁaw for a write
TR R Besoaier sorbob RS R otk e hd i rysca
e VBRI T 5548 ALTKSetn o
unit 9
After a page is written to the flash memory 11, 13, the master control unit 9
will monitor incoming write packets from the host 5 (step 33). If no write
packet is received within a given time, then a step is performed of
programming the written data into the flash (step 34). (The writing step 32
means the data is in the flash memory, but without the programming step 34
the data will lost if there is a power down. Following the programming step 34,

the data will be able to survive a power down).

if however, at step 33 it is determined that a new packet has been received,
the method passes to the part of the flow diagram shown in Fig. 2(b). In step
45 it is determined whether the new packet is a write packet. If not, the
method passes back to step 34. Or, if so, the method determines (step 46)
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will nmonitor incomng wite packets fromthe host 5
(step 33). If no wite 20 packet is received within a
given tinme, then a step is performed of progranm ng
the witten data into the flash (step 34). (The
witing step 32 neans the data is in the flash
menory, but w thout the progragming step 34 the data
will lost if there is a power down. Follow ng the
programm ng step 34, the data will be able to survive
a power down). 25 If however, at step 33 it is

determ ned that a new packet has been received,

ey aerptagwstetqpecrﬁtéorpwhtchoww Rerfered in algPatd ‘é’ﬁé\m thqﬁlast
F' t %tﬁé lphpgucét gﬁ&’q? ‘H5s6 t. ’f‘e;ﬂjﬁ? & ﬁgw %Qﬁ&h?&?l%&t

W' pac
passes back to step 34 Or if so, the nethod

%éhrv“égépé 46)onﬁmgtr31vssc;al@gérq“s%'fbﬁe«"q"ié@tv&rﬁép@cket s

SRR el dtont esRiarbts Mg LIORIBA. st 49
aatds eeterimined Imhellim the ipagepwnkng this pbysiealaddresslisierased. If
LR DRI RSt TR B fve APk B bae PO, 204} ana the

p'?ﬁéﬂw@é'théﬁ’ b§§és {oSthersassslof Fig. 2(1:9t Oraif §6 eé)vﬁ’ﬂe béeratlon (step
per f or med I's equivalent to

ep 3
arﬁ@)umeeﬁmed) &qwmielpiat@stbgt efcstep éZSQfé:pg aa))l;agd tn@ e)ethod

operatl on (step 50) is perforned
(3&#%%?’%%%#3 Prat of step 32 of Fig. 2(a)), and the
met hod 10 passes back to step 33. As described above,
the master mappi ngjtabl e (i.e. the two address mappi

| 5 Qasoribed AhavRo e Masies HARRING Sabie dve | (Bg tuaRddress mapping
R e I e G
pwdsessdseAsanemldrde)dMeoaHa:ge blbek b thenBhGmperhdnhas
SMcglﬂ/gt@asaSé gatgg%z\g %qseeas a Brgggfocirof%g R)IL'EJ n%e%)or?/ {35 has 128
pages. In this case, the master mapping table is such that a sequence of
logical addresses corresponds to two blocks of the SLC memory 11, then to
one block of the MLC memory 13, then to two blocks of the SLC memory and
so on. Thus, if data is written to the successive logical addresses, then the
master control unit 9 enables the SLC flash memory 11 and sends a block of
data to the memory 11, and then the master control unit 9 enables the MLC
flash memory unit 13 and sends two blocks of data to the memory unit 13.
This process is repeated until all the desired blocks of data have been sent to
the respective flash memory units. In summary,
i. If the data is being written to the SLC flash memory 11, the master
control unit 9 will write two blocks into the SLC memory 11 before switching to
the MLC memory 13.
ii. If the data is being written to the MLC memory 13, the master control
unit 9 only writes one block. Upon determining that the page just written to is
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| ogi cal addresses corresponds to two bl ocks of the SLC
menory 11, then to one block of the M.C nenory 13,
then to two bl ocks of the SLC nenory and so on. Thus,
if data is witten to the successive |ogica

addresses, then the 20 master control unit 9 enables
the SLC flash nenory 11 and segpds a bl ock of data to
the nenory 11, and then the naster control unit 9
enabl es the MLC flash nenory unit 13 and sends two

bl ocks of data to the nmenory unit 13. This process IS
repeated until all the desired bl ocks of data h

bdea last RagES! the blacksthecnagter coatAl wihBMll gRable. the SLC flash

I being witten to the SLC
fﬁ%@Bm}rﬁ%ﬂtlﬁ’r{exﬁgﬁkgg érdtlagont rol unit 9 will wite
two bl ocks into the SLC nenory 11 before switching to

TR ¥ e BB AL L
mbgﬁlsél e Ifhls %ﬁ@ SiRhahst in la@?vérmét df8gieaCRIdrSses

tento Is 9 the last page of | ock, "the naster _
c qmeviolslyrtiorrespanded MSbCe'nenmrﬁthen that nonm&atp ket true, and if

443 AP er LB BBy S oo
! Qﬁieﬁ %at%ﬁfnﬁﬁé@% bé ue. APHRef WIS, etichi df the Qﬂduﬁébsslﬂbpplng

ogi cal addresses previously corresponded to
nﬁabley is hpdatedzndepsn yswttbotuidogncabad@'ﬁases belmeswapped
gi,ven of | ogical addresses previously corresponded
t(?e%ﬂeéﬁSWHLy then that continues to be true. In
ot her words, each of the address mapping tables is
updat ed |ndependently, mnthou% | o |cal ddr esses bei.n

svilhesghanly arsipgie entRadiment Aol wtgprh ag h@%descnbe% in
'&é‘?&' 'ﬁ%ﬁ%%nét%s' Q&?&bﬁﬁe Gﬁ’tﬁlr\b@%rkc\%ﬁécdf'tﬂ?@@lduﬂs as will be

variatl o are possi hin the scope
ofclédretod skﬂted reedeni || be clear to a skilled reader.
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15 10 dainms 1. A portable data storage device
having: (a) an interface for enabling the portable
data storage device to be used for data transfer with
a host conputer; 5 (b) an interface controller for
controlling the interface; (c) a non-volatile nenory
conprising at |east one singlgglayer cell flash (SLQO)
menory and at |east one nultiple |ayer cell (MO
flash nenory; and (d) a master controller for
controlling the witing of data to, and 10 readi ng
data from the non-volatile nenory; wherein, the
Scontroller is arranged: upon the interface
receiving a wite instruction fromthe host, to

[ qent [ f p ﬂa%lla@fa gf‘d’fg{;é!dtew&@ he said fl a_sh

Menori es, wite“data specitied by the wite
instruction to the identified flash nenory; and 15
upon t hja) i ntagy ifrmqeefoeieriabﬁn@ the portable datat storage device to be

t he i denti a flash nory from anong the
sédS& 'égﬂtaﬁﬁﬂﬁ? f‘g'tﬂgr{b"%@&éﬂggdat a from the

identified flash menory. 2. A device according to

claim ibj n i interidte dortiotier fptoh@bllingithe iiterface;anged
to identify the flash nenory based on a | ogi cal

addr ess cont ai ned |n 20 the instruction and u5|n
mappi ndCk abla:NORtYRIate HegonePBPHEINaAtleRshges S Thgle layer cell

?ﬁ&mﬁi@#@w%@%ﬁgﬁhﬁ?e a?!}ﬁgg@'uuggé*léﬁgé:%@gyge pondeﬁ’":"mory

aldnelr nately to a predefi ned nunmber of bl ocks of SLC
addresses and to a predefined nunber of blocks of M.C

addres?&f- a master controller for controlling the writing of data to, and

reading data from, the non-volatile memory;
wherein, the master controller is arranged:

upon the interface receiving a write instruction from the host, to identify
a flash memory from among the said flash memories, and to write data
specified by the write instruction to the identified flash memory; and

upon the interface receiving a read instruction from the host, to identify
a flash memory from among the said flash memories, and to read data from
the identified flash memory.

2. A device according to claim 1 in which the master control unit is
arranged to identify the flash memory based on a logical address contained in
the instruction and using a mapping table, the mapping table being arranged
to store a mapping between physical and logical addresses in which a
sequence of logical addresses correspond alternately to a predefined number
of blocks of SLC addresses and to a predefined number of blocks of MLC

addresses.
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11 3. A device according to claim2 in which the
predefi ned nunber of blocks of the single |ayer cel
flash nenory is higher than the predefined nunber of

bl ocks of the multiple layer cell flash nenory. 4. A
devi ce according to claim3 in which the predefined
nunmber of blocks 5 of the single |layer cell flash
menory is two and the predefined nunber of bl ocks of
the nultiple layer cell flash nenory is one. 5. A

nmet hod of storing data in portable data storage device
having: (a). an interface for enabling the portable

da?t a st%ﬂﬁ&@e@@GPEdéng tp plaim &ipgvhigh tie predefinedinymber ¢f blocks
JtqRE sﬁiﬁ!@%)ﬁe’r ceﬁqqés?i) mfhd |§ h tﬁQﬁ‘ttﬁé’lplré‘deffn% number of

cont r ol voI at |
cdjlmkmfrtgea:uultlplesiaymllsﬂasgﬂ raehmyyar cel | fI ash (SLC)
rrem)ry and at | east one multiple layer cell (MO

co trolﬁag{ﬁ%?ﬁé%a?q ‘Séji%‘;'éfm '?‘;ng'g Q%Qrec@’fn,egdwrﬂlaer of blocks
dajfahbr GAylet i&?ef‘%@tl\f@sﬁt hePhdfp B twio BRE Bt hredefined number of

conprising: (i) receiving a wite instruction fromt
hddecks(¢fithe inidtiplefigyergcedl flashahemeonyisyoe.om anong t he
said flash nenories, and 20 (iii) witing data

IS HRNeA BFo b LBSRAB RS 5 od B0

whi ch said step (ii) of identifying the flash nenory
i ncl udda) extammttérfax:eafdr@iabahg dnempestable datd Sterage tievice to be

i nstruction and optaining a ph sical address in the
ndfeddpEspidranster ith gl CRmmgly 12

(b)  aninterface controller for controlling the interface;

(c) a non-volatile memory comprising at least one single layer cell
flash (SLC) memory and at least one multiple layer cell (MLC) flash memory;
and

(d) a master controller for controlling the writing of data to, and
reading data from, the non-volatile memory;

the method comprising:
(i) receiving a write instruction from the host,

(ii) identifying a flash memory from among the said flash memories,
and

(iii) writing data specified by the write instruction to the identified flash

memory.

6. A method according to claim 5 in which said step (ii) of identifying the
flash memory includes extracting a logical address from the write instruction,
and obtaining a physical address in the non-volatile memory from a mapping
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tabl e, the mapping table storing a mappi ng bet ween
physi cal and | ogi cal addresses in which a sequence of
| ogi cal addresses correspond alternately to a

predefi ned nunber of bl ocks of SLC addresses and to a
predefi ned nunber of blocks of M.C addresses. 5 7. A
nmet hod according to claim6 in-which the predefined
nunber of blocks of the single layer cell flash
menory is higher than the predefined nunber of bl ocks
of the multiple layer cell flash nmenory. 8. A nethod
according to claim7 in which the predefined nunbe

bitakiRs tBe MABRPIHINAble |sdgring @emnanmagrbewﬁgnyphﬁsw%aﬁd logical
'31@! &Fsee%{ @O\gfncﬂe? %ﬂé‘?‘{?e c]@log caplaaﬁl‘e%sgé Jcﬁlee spond alternately

atooa cpregeﬁnechmanﬂjercd)fabmm dsfoSBCI aditessbs sandl tete predefined
iii) of |t| the data includes: determning

\/\lrﬂé‘F?’R‘? thr'Pig %ﬁ-gﬁqdé C$/&Pory havi ng the obt ai ned

physical address is erased, 15 if the determ nation is

PFSi ti Ve métholi A8coraing ﬂﬁtcPalrtn%t e WA R bre@EfITF Humber of
address; and if the determnation is negative,

alblleskst ohgweasmledamcelb flerb megiarwlis higherethan ¢he predefined
hyvsi c addr s and s IIocated bl ock
bg\"ﬁrl'bgeé g’lg S Iﬂ% %YEF o J%ﬁﬂ rmry or

both being nultiple I ayer cell (MC 20 fI ash menory.
8. A method according to claim 7 in which the predefined number of

blocks of the single layer cell flash memory is two and the predefined number

of blocks of the multiple layer cell flash memory is one.

9. A method according to any of claims 6 to 8 in which said step (iii) of
writing the data includes:

determining whether the non-volatiie memory having the obtained

physical address is erased,

if the determination is positive, writing said data to the obtained
physical address; and

if the determination is negative, allocating a new block to the logical
address, said obtained physical address and said allocated block both being
single layer cell flash (SLC) memory or both being multiple layer cell (MLC)
flash memory.



