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erein.

Flash devices have the advantage of being relatively inexpensive and requiring
relatively little power as compared to traditional magnetic storage disks. However, in
a flash device, it-is not practical to rewrite a previously written area of the memory

20 without a preceding page erase of the area. This limitation of flash devices causes
them to be incompatible with typical existing operating system programs, since data
cannot be written to an area of memory within the flash device in which data has
previously been written, unless the area is first erased. A software management
system, such as that disclosed in U.S. Patent No. 5,404,485, filed on March 5, 1993,

25 which is incorporated as if fully set forth herein, is required to manage these functions
of the flash memory device.

Currently, these flash memory devices have a second limitation, which is that
they must be either attached statically to the host platform, or attached and detached
dynamically using the PCMCIA [Personal Computer Memory Card International

30 Association] interface. Both implementations have drawbacks, including difficulty of
use and high cost.

A more useful implementation would follow the USB standard, as described in
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20 A system constructed according to the USB standard is described by three
separate, defined areas: USB 'interconnection, USB devices and the USB host
platform. The USB interconnection is the manner in which USB devices are
connected to, and communicate with, the host platform. The associated functions and
components include the bus topology, which is the connection model between USB

25 devices and the host platform.

The USB physical interconnection has a tiered star topology. A hub is at the
center of each star. Each wire segment is a point-to-point connection between the host
platform and a hub or function, or a hub connected to another hub or function.

In terms of a capability stack, the USB tasks which are performed at each layer

30 in the system include a data flow model and a schedule. A data flow model is the
manner in which data moves in the system over the USB between data producers and

data consumers. A schedule determines access to the interconnection, which is




platformand a hub or function, or a hub connected to another hub or
function. In terms of a capability stack, the USB tasks which are perforned
at each layer 30 in the systeminclude a data flow nodel and a schedule. A
data fl owWMRWEP47Ps the manner in which data noves in thecsysémmsover the
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destination, in .genar responds with a handshake packet | ndicating
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service type, and endpoint characteristics irectionality and buffer

si zes. Most S§eisbdespenms voith 4 bangshake packetdedioptios whetbeBthdgmisfer was conf i gur ed.
One nessagegpidlsn) the default control pipe, always exists once a device is
powered, in order to provide access to the configuration, status, and
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overrun, bypipss sitram dNdkndssagd shaon data Habhe USBeddfined staiceuré, attfle message
data does. Additionally, pipes have associations of data bandwidth, transfer service
type, and endpoint characteristics like directionality and buffer sizes. Most pipes come
20 into existence when a USB device is configured. One message pipe, the default
control pipe, always exists once a device is powered, in order to provide access to the
configuration, status, and control information for the device.
The transaction schedule for the USB standard permits flow control for some
stream pipes. At the hardware level, this prevents situations in which buffers
25 experience underrun or overrun, by using a NAK handshake to throttle the data rate.
With the NAK handshake, a transaction is retried when bus time is available. The
flow control mechanism permits the construction of flexible schedules which
accommodate concurrent servicing of a heterogeneous mix of stream pipes. Thus,
multiple stream pipes can be serviced at different intervals with packets of different
30  sizes.
The USB standard, as described, has three main types of packets, including
token packets, data packets and handshake packets. An example of each type of
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As shown in background art Figure 2, a background art USB data packet 20
20 also features a PID (packet identification) field 22 for identifying the type of data
\packet. Data packet 20 also features a data field 24 for optionally containing data, and
a CRC field 26 for containing the checksum as previously described.
Background art Figure 3 shows a background art USB handshake packet 28,
which features only a PID (packet identification) field 30. Handshake packets 28 are
25 used to report the status of a data transaction and can return values indicating
successful reception of data, command acceptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can return handshake
packets 28. Handshake packets 28 are always returned in the handshake phase of a
transaction and may be returned, instead of data packets 20, in the data phase of a
30  transaction.
These three different types of packets are exchanged during various phases of

the transaction which includes a USB device. A schematic block diagram of the




which features only a PID (packet identification) field 30. Handshake
packet's- 28 are 25 used to report the status of a data transaction and can
return. val ues indicating successful reception of data, command acceptance
or rejectVORV/6§4ow control, and halt conditions. Only tpcusswiian types
whi ch support flow control can return handshake packets 28. Handshake
packets 28 are always returned in the handshake phase of a transaction and
may be returned, instead of data packet’s 20, in the data phase of a 30
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vari ous phaSB&i8f Fbl?ﬂ‘é 'R# écﬁgpggﬁie%%?g%lsish%‘p’b g%@%éer ﬂ’e‘i%?té"é? A schematic
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controls and
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define the rel ationship between different 15 entities in U stract
devi ce 32, Fetstdsvicert e pddigiens fugsBonsandderice angiond scednbases apdl y t he

requi rementszodiRts hi® oPae kst Svedld kBt he el ectrical and physi cal
connection p$(l)oet ween USB abstr act gevi é% 32 and the bus. Therefore the

connecti ons and The &IS58 spesifitdtion dobrovat définetibetelutionship atwedni difierent4 are only
Ut epent 1 agts R USPREERERCA PLRMLER Rifhetop Dl pe Fibon frgnese. Use
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between USB abstract device 32 and the bus. Therefore the connections and
relationships shown in background art Figure 4 are only one example of an .
implementation which fulfills the requirements of the USB specification. Thus, any
20 specific device for fulfilling the USB specification must have a specifically defined
and described architecture.
Unfortunately, no such architecture exists for a flash memory device
containing one or more flash memory modules, which would enable the flash memory
device to connect to a bus defined according to the USB specification and thereby to
25 form part of a USB system on a host platform. For example, U.S. Patent No.
5,799,168 does not teach or suggest such an implementation for the flash device. As
mentioned previously, such an architecture would be particularly useful for a number
of reasons, including low cost, ease of use and transparency to the end user.
There is thus a need for, and it would be useful to have, an architecture for
30 defining and describing a flash memory device which is compatible with a USB
system and which follows the USB specification, such that the flash memory device

could sit on a USB-defined bus and communicate with the host platform through this



Unfortunately, no such architecture exists for a flash nmenory device
contai ning one or nore flash nenory nodul es, which would enable the flash
menory device to connect to a bus defined according to the USB
speci fi ca¥P8H64d t hereby to 25 form part of a USB syst@@kﬁgmﬁnﬂﬁst ,
platform For exanple, U S. Patent No. 5,799,168 does not teach or suggest
such an inplenentation for the flash device. As nentioned previously, such
an architecture would be particularly @seful for a nunber of reasons,

i ncl udi ng Igglcost, ease of use and transparency to the end user. There is
thus a nee& ‘or, and it would be useful to have, an architecture for 30
defining and describing a flash nenory device which is conpatible with a

USB syst e a?B whi ch follows the USB specification, such that the flash
menory  devee-2eicnphonof the Drawingsg def j ned bus and cormmuni cate with the host

pl at f or m t hr oughid.hiis a R0R:E8BGE 4; é;!é 7087 S, Brief Description
of the Drawings FIG 118§ alschemaltg C tﬁ§(%&§f0élﬁp§ﬁ\%%]§km ound art USB
t oken packé&fucl¥estructure; FIG 2 is a schematic bl ock di agram of a

background art EeBodal ructure; FlG is a schematic block
di agram of a backgr oun%hgf?’t%‘f@%dﬁ%‘%%‘ﬂé’éabmuﬂ B data packsire; 10 FIG 4
i s a schensinucgurgyl ock di agram of an exenpl ary background art USB devi ce;

FIG 5is a sc i.c_block.di.agramof a systemwith a flash USB device
functionality gglg%trsdsl %@chF'Batf‘ﬂlﬂo‘g‘r%%ﬁ{‘ of 4 backgroynd arrUSB tendishake dathenat i ¢

bl ock di agpaketatrutthe; USB Fl ash disk; 15 FIG 7 is a schematic bl ock di agram

of a flash iden@é}hcat%gn reggijest .packet; FIG 8 is a schematic bl ock
di agram of a fl IHrPRatctl ek liagram aSanrxeiptary backgib@d £t USBa schemat i ¢

bl ock di agdeivepf a flash wite request packet; FIG 10 is a schematic bl ock
diagramof a flash wite status packet; FIG 11 is a schematic bl ock
di agram of a fIH&h) isehgheraafisddecksliagkant of 2 @6tefl \Gth 4 RaghsUSB aehamat i ¢ bl ock

di agr am of fugctfon@st) al &adng {oathyﬁre?eﬁﬂﬁ%gﬁtion;
FIG. 6 is a schematic block diagram of the USB Flash disk;

15 . FIG.7is a schematic block diagram of a flash identification request packet;
- FIG. 8 is a schematic block diagram of a flash identification status packet; -
FIG. 9 is a schematic block diagram of a flash write request packet;
FIG. 10 is a schematic block diagram of a flash write status packet;
FIG. 11 is a schematic block diagram of a flash read request packet;
20 . FIG. 12 is a schematic block diagram of a flash read status packet;
FIG. 13 is a schematic block diagram of a flash erase request packet; and

FIG. 14 is a schematic block diagram of a flash erase status packet.

Summary of the Invention

25 The present invention is of a flash memory device, containing one or more
flash modules, in which the flash memory is mapped to the address space of an ASIC
or a controller which has a USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed a “controller”) supports the USB
functionality according to the USB standard, thereby supporting enumeration onto the

30 USB bus, as well as data reception and transmission over USB pipes to and from USB
endpoints. This controller also supports the functionality and control of the flash

memory device, as well as the processing of command and data packets from the host




FIG 13 is a schematic block diagramof a flash erase request packet; and
FIG 14 is a schematic block diagramof a flash erase status packet.
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USB- def inedieldisie Aist nidhiord mddBleGa For@bhigdilidOilic CRH Jo%édt&gicéd?&ngto 40 |east
nodul e and for controlling the USB connector according to

one flash rrﬁm)ry :
at |east ofiestgATRAckeTeeeRyed dipnt the MSBrécingbberesuchabnt Yate js wutdn tohad data i s

witten to @pdfrom8RdatlERM IR sRnehbAShofle ! ash menory nodul e.
Hereinafter, the term"conputer” 1ncludes, but is not limted to, personal

computers (PC) Hasrpinaftarthe framatiomguisy’sndnds ot isaot DoBed W, paswallM OS5/ 2 T

or 15 Linuy; | h..TM co ters: conput vi.n AVATM CS as the
oper ati ng s%pg%% n %a\r"%ﬁ?og ﬂ%?%ﬁ?'ﬁf%ﬁ%ﬁ’&ﬁgo‘?ﬂé’ @IrpRers of Sun
M cr osysi enbiidd;MstintSin™ eomipuiraRbingsitMhadng JRYASH. RO @Spreﬁatin ving some
version of the UNI X operating system such as Al XT"" or SOLARF STM of Sun

M cr osyst eny T4 #id giaghiel merksighengrsuckacthavempuitrs of SpeMidrosystemy™ tapdn

i ncluding %ﬁéoqitd}ﬁghéy’ﬁt Hd oty g(t]mf;iu er\s/\-{xglvql?g\,\gsom%EvErsion of the UNIX operating
system such as AIX™ or SOLARIS™ of Sun Microsystems™; or any other known
and available operating system, including operating systems such as Windows CE™

20 for embedded systems, including cellular telephones, handheld computational devices
and palmtop computational devices, and any other computational device which can be
connected to a network. Hereinafter, the term “Windows™ includes but is not
limited to Windows95™, Windows 3.x™ in which “x” is an integer such as “1”,
Windows NT™, Windows98™, Windows CE™ and any upgraded versions of these

25 operating systems by Microsoft Inc. (Seattle, Washington, USA).

Detailed Description of the Invention
The present invention is of a flash memory device, containing one or more
flash modules, in which the flash memory is mapped to the address space of an ASIC
30 or a controller which has a USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed a “controller”) supports the USB

functionality according to the USB standard, thereby supporting enumeration onto the



20 for enbedded systems, including cellular telephones, handheld
conmput ati onal devices and palntop conputational devices, and any other
conput ati onal device which can be connected to a network. Hereinafter, ‘the
term "W rdoosébhts i ncl udes but is not Ilimted to,\/\i’_ndow;ﬁﬁ/ﬁ%%o dows ,
3.XxT1" in which "x" is an integer such as "1", Wndows _ ndows98TM
Wndows CET"" and any upgraded versions of these 25 operating systems by
Mcrosoft Inc. (Seattle, Washington, UgA). Detailed Description of the
I nvention The present invention is of a flash nenory device, containing one
o more  f1USR bHparrel i o TRERtIN ehbtrirsardsiommver YSB pipnappadfmomlmm addlress
space of a n,agg- r lYl‘hf’i. . has a USB- define ectrica
iﬁterface ;bnd égﬁs%??jgﬁ{’ﬁ“ﬁ’g logsl @ﬁ%itnt e(rﬁ gggifty%&%ongégﬁ?tlrtgiz ﬂ%?e‘/ ASI C
(her ei naf t enemenyded 2a well @ntheirécessing cfupmarahd aiddatd faketé GomithoORat It t yt he VO

i B,st.andar t hereby supportjng enuneration onto e
001 50476 PCHTIRT DGR CORU B R QeeeN R PosPRSoo P Be BT oP i
transm ssi ampeopeietadSB Qg thetnextadthniaha i bR oanePitd Ssg Hakls control | er
al so supports, the unchionalit and control of the flash nenory dev, as
wel |l as the°°B’i"b‘Eﬁé-sﬁ1“ﬁ’d %?“‘E%ﬂ?%fﬁdmféﬁaaé&@@l@%’dl@é@@ablp@magmlen@m
control | er.volfiige Si68ie EeEE T th&€kostipiegoraie of several possible protocols,
either standard 5 or proprietary, to signal the next command to be
performed to théViiisshe inyeniondpsiseeptibleito vartous motifisatems andcaiebei cef actshasha

i cal | : hashahl - 1{e storage.devic or the host
S?IQ? ][n orm %\W?Hﬁ? %gg%lﬁégﬁ?fgln |stfavgﬁog@%’p%?%rﬁ{%&{l%’e@éﬁ%%? b%wuﬁyfo:?cat! ons and
can be 10 mskamplatede deivggsrmad yvilhbe desordtidde détailsin thet faRowing pagedaint i s shown

' d N d wll be described in details in
the"Tol | owi i EEEMReRyddd At Rt B4 S P Bm e srvalbresi gt B arsiety ok Il in
the art appmeciiat@sid bwinpldienpdes edtous bm\émﬁisomr&iﬁtéhﬁlcarpi?_té @kﬁmnt eg In

ri ous other,. S. The intention is to _cover a nodj fications an
\ellﬁt ernati vg}so‘if%‘\%ﬁ?'ﬁj‘“aﬂtwwvfﬁ ﬂg‘ﬁi"Y‘fbﬂ“ B SPIREOLHF PN INNGRINI on.  The _
principl es and Tpepridigles M oeriRh §1laA5¢B A8 9icath SYREEGERELI Ny to 15
the present invention nay be better understood with'reference™to the
draw ndS afif RTEENt IRYSOAR 1Y PR Getiss drdersieqdonith seferenst myheddmingsgoditiehat t hese

drawi ngs abecogtipiying @stription! 6&ihAhhdetsdId RATRS: HahheR9 A& POt Meant to be
limting. Referring nowto the drawings, Figure 5 1s a schematic bl ock
di agr am of tljygtative purposes only and are not meant to be limiting. S

Referring now to the drawings, Figure 5 is a schematic block diagram of the

main components of a flash memory device and system according to the present
20 invention. A flash memory system 42 includes a host platform 44 as shown. Host
platform 44 operates USB flash device 46 as a non-volatile storage space.

Host platform 44 is connected to USB flash device 46 according to the present
invention through a USB cable 48. Host platform 44 connects to USB cable 48
through a USB host connector 50, while USB flash device 46 connects to USB cable

25 48 through a USB flash device connector 52. Host platform 44 features a USB host
controller 54 for controlling and managing all USB transfers on the USB bus.

USB flash device 46 features a USB flash device controller 56 for controlling
the other components of USB flash device 46 and for providing an interface for USB
flash device 46 to the USB bus, USB flash device connector 52 and at least one flash

30 memory module 58. Flash memory module 58 is preferably an array of flash memory
modules 58 in which the data is stored.

Whenever USB flash device 46 becomes connected to host platform 44, a



mai n conponents of a flash nenory device and system according to the
present- 20 invention. A flash nenory system 42 includes a host platform 44
as shown. Host platform 44 operates USB fl ash device 46 as a non-volatile
storage sWQA&604pst platform 44 is connected to USB fl askcriestooms?6
according to the present invention through a USB cable 48. Host platform
44 connects to USB cable 48 through a USB host connector 50, while USB

fl ash device 46 connects to USB cable 25 48 through a USB flash device

connector 5 Eﬂﬁtl I s res. a ,USB host .controller 54 for
control li ng&ilinrﬁi m%gaﬁ\%géﬁnﬁg%gﬁagﬁ & 'sIn sPrr?geslsJ%SttPE%tgmﬁ%é fl ash device
46 f eat ur esconfightiBs USBStusll deniicedécamd ttiicohbde of o 6mbrhicatidt with USBglash he ot her
conmponents of . U sh. devi ce 46 for prqviding, an interface for USB
flash devi c‘gevlfﬁago‘xlt WEpEET,E ,Inaﬁ?é%{}gereé’éﬂleg’@& éc‘b‘%lﬁ'fé‘eg §SBstashing at | east
one flash B&anm,rﬁorﬂ@q;u@s&%fcﬁhgs&lﬁmuhdﬁpﬂ%n@in%ﬁobéliﬁﬁtﬁige{h@bl y an

array of flash nmemory nodules 58 in which the data’is store .f Whenever USB
flash deVi cesBt BEeHvB s CPhnsdtin areatgr gt balivawith regandito .ameAl» B/ 60476

PCTI USOO 07Q08&h hést plafBHR a4 is5RE c6RHAREAIHI this
process host pl at f_grm44 ::Sonf icgur es USB %ug%ﬁ&ggg??g&ﬁ%vggﬁagﬁﬁg&%ode of
comuni cat | ¥I§ Rirgnt st plasform 4d aysrics URB flash denderytd thhagh theratherany di f f er ent

met hods for i i f . i:ce,46, for the purposes of clarity
onl yand wi TERR! BfufG o nAEcei ASHIRE PRk & gy BRI R Ton 1 <
expl ai ned iwaigngwmttereatetedi | bel ow with regard to a method in which host
pl atform 44 issyes, ¢0 n and. reguests USB. f] ash vi ce. 46 through
one endpmoi nt. Hos(fSt%F{a{%?no?‘? eﬂ'ﬁ“gﬁ&&fc& QELBL?% ﬁ%slk? J@%\?Féggﬁﬁe M8ough t he

ot her endpejutst jaoketsStodISE h6sh asdRHer SN USBARE! dbaFoll@IsatadsRinlstss | T any

such packets waiting to be received. 10 Host platform 44 requests
servi ces fr%‘rﬁl gablg i‘;\é ﬁthF%StﬂBrCHQC%VéHGV &5B flash device prnsRberSotwhenSB host

control | er 8B nbiRIcRRE U6 GOMHeldelit&bn B ehfi Bt s refACKCUSB Mith HSRcabl e 48.
These requests are received by USB flash device controller 56 when USB

flash devi cenigler 6 fhea paeomse/appus IperatineiUFings rofding avritinguoe stasing)$Ba f | ash
devi ce |sCOMHdRb} & faPmbm ' | adi ng,
Wit nglsor er asi ng dag_tng ?gl I?(?(E)Jrlna%@f é(gx"asrf]u Pgﬁnﬁ%ﬁy’% i ﬁé‘%@ Sﬂégﬁ SJSor
suppor t i ng dssise enuwgmatfonrsod configuratipn SUSH flash dediew cardrodlieudecatrols flasind

confi gurat irgé}noryﬁ%due?ﬁ g8 g? Yl&iﬁg a EOM Hlllé 60 t05c§nt(r:o Qltu:r }%lvu?erfo} ﬁla'lssﬁ memory
module(s) 58, and also through various other signals such as chip enable, and read and
write signals for example. Flash memory module(s) 58 are also connected to USB
20  flash device controller 56 by an address/data bus 62. Address/data bus 62 transfers
commands for performing read, write or erase commands on flash memory module(s)
58, as well as the addresses and data for these commands as defined by the
manufacturer of flash memory module(s) 58.
In order for USB flash device 46 to notify host platform 44 on the result and
25  status for different operations requested by host platform 44, USB flash device 46
transmits status packets using the “status end point”. According to this procedure,
host platform 44 checks (polls) for status packets and USB flash device 46 returns
either an empty packet if no packets for new status messages are present, or
alternatively returns the status packet itself.
30 A more detailed structure of the functional components of USB flash device
46 is shown in Figure 6. USB flash device 46 includes the physical and electrical

interface defined for the USB standard, shown here as USB flash device connector 52




menory nodul e(s) 58 by using a control line 60 to control the power of
flash menory nodul e(s) 58, and al so through various other signals such as
chip enable, and read and wite signals for exanple. Flash nmenory ‘
nmodul e( s)VG&/@# al so connected to USB 20 flash device geg%&&hb&ﬁ 56 by an
address/data bus 62. Address/data bus 62 transfers conmands {or perform ng
read, wite or erase commands on flash _nenory nodul e(s) 58, as well as the
addresses and data for these commands Hs defi ned by the manufacturer of

fl ash menorandraduhee(os int&face 8. OKBE : vice 46 ta notify host
pl atform 44.on}shj{10§mb§gult “and 25 satsgtgivsléé???ﬁ%?oﬁ?é?%ﬁveso%gFlﬁ‘ftf‘&ﬂs request ed

by host pl at§8 SBbIe 48 Sthichesprries elgstricalrsignglsiftos Isdsatcomroplaciiet S Usi ng
the "stat ushews). PesH sienafiCEOMAL i rocedure ost platform 44
checks (pol I.s)ﬁl)f or status packe?%séﬁg}ogg%xﬁn ‘%ﬁ“&%&fi’a?;eepﬁé" turns either
an enpty pdekisecqnd, nPSBdrmstis carged oretve $ISBE definB® BEAYRE R BadRE@SHNGE, OF

al t er natsi vejeXsert@d USBSER s packet itself. 30 A nore detailed _
structure of %he functa%oﬁ%‘l%eg)drrlrponents of USB flash device 46 is shown in

Figure 6. USB f ICastecthevitertacd G4itinnlretdRes tHog pakas GRugRAGEhRGHL CAl
interface ggﬂ %eeg f%t.he USB standard, shown here as U ash devi ce
connect or brEhse ltﬁ‘ifg'ye%md logicah ingerface 6 na derstionaht er f ace 64.
USB fl ash dusize 68 ervpecifiailySRsipRanb Yasivt ikf haALE e Blancalofa) ! r om USB

i i £ Bm hos o1

cable 48 which. carries el ectrical .S{ggnal S con (not
shown) . ThEEHERLeTARG a3 peeviqysly dssesibediwith ragangito Eigunel tRhesei tolteaphaeg 64. Every

m | I'i sasondse relald®Bniyté pRitSaC@hdt] = defined bus, such that
packet s coull;edr, "5 belfysegfﬁnto Usfé&%oﬁgsaﬁ&é[es\t}?é}é%géﬁ‘ﬂﬁ%@‘ﬁ Ich ¥feerf ace 64
then recei {881Th0s thef itk etendards pudigihn hivver sily rélnfic th pe@iculGOPPRAEIRE . Whi ch i's

a conbi nedophysi ' i.nterface 66. A functional interface 68 is
speci fi cal ?y desﬂ?‘aJ n%egf&f[é gk?lgt%glg‘%/hedl% C&%%’ﬁé‘%ﬁ??“ﬁ%"‘d‘é‘fepﬁ% These token USB

speci fi cat Pésietaned teir prspective sdtymetbduts paokels Wiabfe USDRGH cdfrolibGil Borl- These
t oken pack l.at e nly to particul ar functional aspects of USB .
flash devi %Igaﬂignvﬂl{ogwhgtrf%m %e@ﬁﬁ %!‘_85“}‘81“1%@“ USI fgshededicr 46 amthallodate not  have
any relat i srowres farUSK: flhshrdeaiep U 62 tHeUEB Hifs. YRB fﬁ'erﬁQnaqgl\f!: 2 86005 @ flash

i ‘token pacKets ahd their

di sk accorgj t e present invention. These 't |

respect i veglﬁ)g%sr[gse% Eﬁ' l 1%{’a§§'c’k°§9%d fapthp rdentifgmting aad regintratonlo§ USBAlaénot  shown)
and host pleatckdpiondt ((SBbushown) to identify USB flash device 46 and

al | ocate

USB flash device 46 also features an application packet extractor 70 which
extracts the application data and commands from the USB application packets, such
20 ) that application packet extractor 70 supports only application related packets. Next,
any requests to USB flash device 46 by host platform 44 (not shown), in the form of
read, write, identify and erase commands, are interpreted by an application command
interpreter 72. For any commands which involve data or an address, such as read,
write and erase commands, an address resolve module 74 translates the address from
25 the logical address space to the physical address space. Host platform 44 (not shown)
relates to a linear address space of logical addresses, while USB flash device 46
contains at least one, and preferab}y a plurality of, flash modules 58, each of which
has a physical address space. Thus, a translation must be performed between the
logical address space of host platform 44 (not shown) and physical address space or
30 spaces of USB flash device 46. There are many ways to implement such a translation
which are suitable for the present invention. One example of a suitable

implementation of an address translation method is described with regard to U.S.




15 resources for USB flash device 46 on the USB bus. Thus, functional
interface 68 only supports USB functionality needed for the identification
and registration of USB, flash device 46 on the USB bus. USB fl ash device
46 al so f ¥4&x04686an applicati on packet extractor 70 whi chcr@xdoioagshs the
application data and commands fromthe USB application packets, such 20
that application packet extractor 70 sgpports only application rel ated
packets. ‘Next, any requests to USB fla h device 46 by host platform 44 (not

shown), in PaenfNe. 5,404,485 SR Eviowdly in@@rpbr‘af%ﬁtb&fré/fex%ﬂ& &Y gﬁ:‘ﬂ&ga%%”ﬁere%ﬁ;ﬁ ds

interpreted by an application command intéerpreter an
whi ch i nvol V&ideashesra methed fr @@@aglgmﬂa@snmm as a finsh diskoad vdna&e conmmands,

an address g@g8lcMer g;gﬁlog“z&,tflé e address from 25 the | ogical
address space to thée&phym cal %?’"Jggélggnﬁfgge Host platform 44 (not shown)

relates to a Ilnéallataamddlels'éﬁ bameliee darh rélagd SpkctatingSe@ived Winh@ndSB,d | ash
devi ce 4g cont ai nﬁlﬁ% ﬁr gj d preferably a plurality of, flash
modul es 58, “€ach "Br° fd OU% “&“%D@F%QFC efi@raad droaplash mdﬂhl@@) 58,

transl ati OnO?u&iallpﬁnd)ﬁfefe‘?z{Hg)EQlaﬁmﬁW Ol%?fonlqé)gl e‘?ror@grcrj% % ace of host

pl atform 44 (not shown) and physica ress s ace or es of USB
fl ash devi céetagion Teghods. aﬁmllnarwl opayrnd mttrpmeermrﬁatzsmﬁhleam i@y on  whi ch

are suitabl inventio One exanpl e of a suitable

i mpl emrent atll%oélﬁ% g‘ﬁe%g geratfr ﬁ H‘H e pmary Lecharlesy Baver (MR r egar d t o

U.S. WO 00/ BOwWAGitRCFd4500s0 2 @8rficuldd IR hesdhile¥8. and tHEQfbsif@BaddREEN Als! Y

i ncor por at eﬁ'as%oduf ence as if fully set forth herein, which teaches a
met hod 1J managi n§ § flash nenory as a flash disk and which is suitable

for operation witidst plasorh epetikd @Y ARG Oingd ifl s ARRGLAL. 40, dA3ndhes data
rel at ed aspects o recei ved commands, "and 5 conveyl ng hé*Gdta thr ough

functi onal ﬁiﬁ‘ﬂse‘?alc "?f%P é’g USP Hash devisaite vagha nevdsipla 9?0158/allalﬂ]:)t[ismgal ly and
pref erabl y, thelatsanlpacket; USE ek HQ/idB632Y rr%s'ixﬁ (fl%sF] ﬁ%ﬁ; u;ré},e JESH glection

met hods. pI ication command interpreter téddr ess
resol ve rmcﬂ.ﬂ difte emta?mmep@rléauedbwb¢stahtfmm«inwsnquvamo;sﬂcaﬁb.rrwrogy Driver

(MID) /8 tg t art cul ar ash duI e 58 and the
desi redlsaddrgﬁs%kotﬁe{%gegmmgnﬁ gp%kglﬁonag’éon é‘k‘ ﬁYaélF lsstatusvordsecks for

status charfyelsas ‘§ugss”feasty od Sinvaled aruareamdwheadsabl&tmtmatmmtté from USB
flash devi cRiefRindhi& e e SR Ry I(rslotaéxgvlvrg)agljmllarly,sthe erase status
packet contains a status word indicating the completion of the erase process. A write
status packet is used by USB flash device 46 to notify host platform 44 about the
20 result of the write command, for example whether the command was successful or
erroneous, and whether USB flash device 46 is ready for additional write requests
from host platform 44.
A Memory Technology Driver, or MTD 78 typically contains routines to réad,
write and erase the flash memory device controlled by the controller operating MTD
25 78. In addition, MTD 78 optionally contains an identification routine for recognizing
the proper type of flash memory device for which MTD 78 was designed, so that the
controller can determine which MTD should be activated upon interacting.with a
particular flash memory device array. In addition, an identification routine should be
able to detect the size of the array of flash memory devices, including the number of
30 flash memory devices within the array, and various features of the flash array
geometry, such as interleaving and bus width. This information later enables host

platform 44 platform to determine the address space and size of the storage media.



status packets, USB flash device 46 can transmt, to host pl atf_orm
ZZ?SShe resul ltos of different commands issued by host platform44 in. its
requests (not shown). For 15 exanple, the read cormand st at us packet ,
cont ai ns Yomen/e#76t he avail abl e status words such as: Su?{f‘?ﬁowo 08 rror" or
"invalid address", which enables host platform44 to ermneée the result
of the read command (not shown). Simlarly, the erase status packet
contains a status word indicating the ieonpletion of the erase process. A

wite stat ck d by USBfIash device 46 to notify host platform
44 about tﬁﬁz%‘ ?‘ég‘{?r 57%5??‘?6 are\wwrtcemw byfretereaga disclosestratekanple he

comand wasfsuhcadMTDIford flasgde@peous, and whet her USB fl ash device 46 is
ready for additional wite requests fromhost platform44. A Menory
Technol ogy Dri vélsingdhe abppe descnadipcetbio) anbathitentsre, bott pheforth a4 egad, write

Ql. Ie ontrol | er operating
VD 25 78 o aaar T e Ao SO BB emap A& By GG 1 ot 1 on

5§ oMemaEy gYapRddreg IChisapped Plesh mg/m@y(alf:vxf:é FSNeXABIPLS, Yiod Plakf6n fHT Whi ch
R/?I)'ltj)t |7gewag k,gggqn ag:gb q(a IIwfhe ontr ol Ler can determ ne which MID shoul d
be acti vat e%F%pon dard blogk %ed"ceﬁtf’ acg to pacn apRlication, rsuglhses avpgRelic devi ce

array. In aimhg'cmwmuna‘l‘hardjdam”lcfriveadsld&ﬁlo&&l&h'tﬁb%r@h&ﬁlﬂdé@&nbe@@ n% to detect the
si ze of thg ar.r sh nmenory devices, including the nunber of 30 flash
menory devi %tggtWtsh‘{oﬁ#ﬁe array, and various features of the flash array

eometry, such AS ah BaplEarH prefeRB oSt b Pine T fidRfHeon | ater
gnabl esyhost pl atformﬂ44 plrgt feornsto (lzleterm ﬁé S%‘ a&grmeSS space and size

of t he &t oPBGRIGRE irdostrsieD comeTisd RGTUSBIRAIORIBE acdb2d1hg&th9p1te§mt No.

fer di scl oses .an exanple of
Such an M F oy sl AL RS B b B8 el g b ocol " and

ar chi t ect ufcadinggrd erpsipg the {ﬂmmdbvmari‘ol:figt}pwpmésl qﬁhlumhtﬁgggﬂ% ;ﬂ{:ils«y%mn% :o g 2:1 i ?Inas )
e ey PRLET LN SR o O D B bl 3 B s
devi ce i nt ol sk ntemoeyamhdvam) bwhaiflwd)i’th iS 6aRbasn AzéTaUL 8ddrEss tx%hé?;itﬁ;ﬂe medi um
" hard osed n.the previously described U S  Patent
ggo gl Ybinfe, @aﬁ%%c 2 hpeplationn orsrstM it nsicsf addmssesr esent
i nvent i on, All Iuemﬂrﬁndmﬂaétumrto@és b%tvkuaﬁ the48H 880 ONA At 61£%fcﬁml4§68 flash
device accaors g nc% lt,lgB tdabtg pggkgt%,e&td are transferred through USB data pipes. The exact
structure of the packets, pipes and timings are described in the USB specification.
The operation of the exemplary device and system according to the present
20 . invention is as follows. When the USB flash device is first connected to the host
platform, the USB host controller assigns an address to the USB flash device on the
USB bus, and also assigns resources as described in the USB specification. The USB
flash device actually asks the host platform to assign these resources, and must inform
the host platform how much of these resources are needed. Thus, the USB flash disk
25 can optionally support slower device speeds if the USB host platform has already
allocated resources to other devices.
The USB controller also negotiates with the flash modules and determines the
size and manufacturing type of these modules. The controller then builds an
identification structure holding this information, as well as the translation table and
30 logical address space.

After the USB host controller identifies the USB flash device, the host

platform often uploads a USB client dri\)er.-The driver issues an identification request




invention is described with regard to the processes of identifying,
prograrmr ng, reading and erasing the flash device. For the purposes of
illustration-only and without intending to be limting in any way, the
exenpl ar ywasB/6h47ash devi ce has an. array of two flash mpppixRey! €s, each
of which is 64Mbit in size. The address translation 15 table 1s Wi thin the
flash device so that host platformopergtes with |ogical addresses. All
commands and return codes between the flash devi ce and the host platform
are carri edommauSp. wawmmkm&ollan&uahgtﬂercaﬂ@cﬁlﬁf tewardsiiQuoh USB dat a

pi pes. The e structure ets, pipes and timngs are descri bed

in the USB ¢ eé‘ﬁ%?ﬁt’(?ﬂtdf‘t&?”kﬁﬁggé 2y ”i%gﬁu%f'] tIdentidicalinn necket §8gprtainand syst em
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inform the dh‘egtmkp!%ﬁﬁltdrtmnh‘@wthm@tr@mgtch@fscﬁc the'ddentifescorinandéethied. Thus, the
USB flash d I support sl ower device speeds if the USB
host pl atfo?@ihg&n reaagl l&gﬁ%}'%%rat ed resources to other devices. The USB
control ler also hﬂgmonmtesha/ﬁlddmtlf}he:oﬁinaﬁb AP dihervidd the 84f3E Bh Nes the size

and nmanuf act nmodul_es. The controller then builds an
i dentifi cat |d:?ﬂ tﬂ% 'u%ﬁ%? BacllfSh’gsﬁbDWf‘g 18955 By Headdiion teythe fisids Sb@”ﬁ ine
t r ans| atib onFigatd % idendficabion dagipeeet MQE@&%ta%&ﬂﬁﬁmnﬁf&m%of he mf‘?fti’t en

controllerug %(qtlfles ﬁhe USB fl ash devi ce, the host -
upl oads a USENdeViShin yiashdevicesige @‘T‘Iii\*}é,rasl“@ﬁ@éylfamnatld&abolﬁﬂmasizecoﬁtheequest WO

00/60476 PCRAMSRQALORR forBashRHRAGN Rurb i 5 ert;s%%&u%lzggwﬁ'éﬁ causing the

controller to transmt an entlflcatlon own in Figure
7. ldentificatiof! sé@rw@cl@s degnmbad msthISI@k@ubleatededebzkhewh&hmefl el d 26,
as descri beg p&pmg@}@ §f rt F nt.ification packet
80 al so contains an tﬁleng f?gaeg%gaea% Z?Clcg% l%%e&%e%%}?%ﬁrbﬁﬁﬁgfﬁ'%n 5 code field
82. The 'packasmasiedr iastrusting thetUB tisBoflkramsho devddety e dvcelef@péinfibcat i on
dat a packet ti code of the "identify" command
to the Yﬁggﬁg giﬁfa 0@1%%%{ Ryd ¢ e “35‘5 %fi ﬂ Wﬁuggﬂﬁﬁﬁlsrgcquoxg plthe pagkets £y
comrand, htbe USMnddWr_muéshﬂUSBﬂﬂﬂSpﬂﬂet as described in the USB specification.

Once the device drivers in the host platform receive this status packet, the
drivers can start issuing read and write commands to the USB flash device with the
20  application commands. When a write request is sent, a USB data packet with the
operation code for the “write” command, and the buffer containing the data, is
transferred to the USB flash device. A write data packet 90 is shown in Figure 9,
which again includes the fields shown previously in Fi gure 8, except that write data
packet 90 also includes a write field 92 with the “write” operational code; an ADDR
25 field 94 with the logical address to be written; a LEN field 96 with the length to be
written; and a DATA field 98 which contains the actual data to write. The packet
extractor extracts the operational code from write data packet 90 and transfers this
code to the application command interpreter. The logical address is transferred to the
address resolve module which translates this logical address to a physical address on
30 one of the flash modules. The data handler optionally calculates error correction and
detection mechanisms if employed by the USB flash device. Once all of the flash

memory modules are ready, a “‘write” command is sent to the flash module or modules



identification data packet 84, shown in Figure 8. In addition to the fields
shown in 10 Figure 7, identification data packet 84 al so contains '
information about the size of the flash device in a flash device size field
86, as webbdo@msstenf or mati on about the size of the mni n@lC LRSS unit for
erasing the flash menory in an erase unit size field 88. KUS08087 1, ¢ packet s
described in this exanple are only data packets which are sent on the USB
bus. Before each data packet is sent, @ USB t oken packet is 15 transmtted,
instructing the USB controller as to the identity of the device end point
to which tRBaHHREhRRER] addeass. avhich maysepsionaltyepan diposs mare desshall reception

of the packgkh moli I ' USB ACKpacket as described in
t he USB speci f?galgi?éﬁggw@zto{oﬁié g%]z@%?r%}{\?/heeflsms???at RETH P Y%0r m r ecei ve

t hi s st at ushgdaskeddress hes whicki connests the dlastsmadules te $he UGB devdet @AgoNri t €

commands t . evice with th 20 appl.ication commands. Wen a
wite requg)sl{cp?nse %§ grﬁill,)rﬂ;s%égiééeaat"g aﬁ&é‘f?é’taaﬁ tSe d&b@FMT%ﬁh%’iﬁﬂHt for the
"write" scomfittiedbperatioh istrandmittbeto thondsatdniddert G padbdio thedevidedisbgrr ed to the

USB fl ash devi ce A wite data packet 90 is shown in Figure 9, which again
i ncl udes t A& RSO ®houn previously in Figure 8, except that wite data

packet 90 al SO Wleh tthefFash c¥ftidlier firlifled tt Q2 MdebrdddS: HMebhEo1P l,onal code;
an ADDR 25 field 94 with the | ogi caIe addresntsgtbtro %é vvrclbgét?cgr?' Bgﬁﬁ_ field 96

with the | 8Ost Rigasm thjthe stans ofheiUSB Dashamtemetydicoige s ahangedytiyai ns t he
actual dat geddfhoW v , ct QL. ex ts the . opergtional code
fromwite dat - pacﬁ%?tlgg %%g&tq Pgnagéltégr@ 'ﬁi%ir’%ure ?:é)glg’ @?}cetoﬁgatgﬁﬁlabéat i on
command®i nt@tpstetiepackatO0 consripak staws fieldd 02 STHehamgila for@deddd tHeli@itusaddr ess

eld
resol ve no i s.t.his i cal, address to a physical address
on 30 one g%gktg tﬁ\g&ﬁ agﬂgﬁor}%rﬁ%&.de‘?ﬁ% ?r MG Flatus 8%‘3‘?6}% the hgsl| cul at es
error cor r platfbwnregimtes tléirmatioroon tie ehaplesdistiths MY MMREoRYNhAEy USB fl ash
device. Once.all of t l ash. menmgry dules are ready, a "wite" conmmand
i s sent togetaﬂ’élgfsﬁaélg ﬁ“’@?&&@‘@ﬁ eﬁ%%ﬁ‘i"é%e% oSPeM Iy iEewaastdI DR gl 14 _
cont ai ni ng94 el IR Sildadi6 iR Selief fo3 the M3kt TatiBRM 18 RiveAN Bl hcSRAR: GELASS NOre than
one flash nodul e {ao the MID bl ock. The MID bl ock then issues a "wite"

conmand’ on“°REdglieA lstrs Bagkel9hi ch connects the flash nodules to the

USB devi ce contAoiHoem .in FIREE! I hereaPRGadst Phcket 1690 fLEma B Aicst at us packet -
is returned tg the MID, the result SE]ofS ?‘%‘8 operggnl onsetihs ?err%r@mtted to the

host cont r RIE& thideash semaangd in weadifieid 486,@nd therlogica! addresstobgte desietif or m
location from which the flash controller should read in an ADDR field 108. Upon

receiving this command, the flash controller issues a read command to the MTD
20 block, after the address resolve module has translated the address contained in ADDR
field 108 toa specific physical address in one of the flash componernts.
When the flash controller receives the data from the flash device, either after
the read command was issued, or if an error occurred, the flash controller sends a
signal to the host platform to indicate that a new status packet must be read. The host
25  platform issues a read request and receives a “read status” packet 110 as shown in
Figure 12. Read status packet 110 contains the address of the read data in ADDR
field 108, as well as the length of the read data in a LEN field 112 and the data itself
in a data field 114. Read status packet 110 also features the status word, according to
which the operation was completed, in a status field 116. The read operation can be
30 completed with many different status situations such as success, fail, error detected,
invalid address, invalid length and so forth.

When the host platform needs to erase an erase unit in the flash device, the



When the flash controller finishes the witing process, the controller
signal's to the host platformthat the status of the USB flash nenory
devi ce has changed, by sending a "wite status" packet 100, as shown in
Fi gur e 10wolonepd7ece of data field 98, 10 wite status pap,gﬁﬁso]@%sgont ai ns
status field 102. The host platformreads the status packets fromthe
flash nmenory device, and fromwite status packet 100, the host platform
retrieves information on the conpletionsstatus of the wite command by

readi ng sta ' . Ll this exanpl e, the flash nmemory device repeats
ADDR 1 el o P iR an Gt Bk 4, S o e Ve ekl have
reference t cofthias thec'erabe " wpedabion 66dEaA en Edtcicddd 1300 avd Ak USHiRRGARLss $PRe . AS
shown in Figure 1E11., aﬁ{ﬁﬁﬁ}ﬂﬁcﬁ yest" packet 104 contains the operation--
code for th&2%F WYy a2 1elG,122. Unon receining sugisa reguestitheflashgoutedlieaddr ess of
t he desi r ed trahgdéd the PogidaPaddss € siligich] Asb LG Ld read in an
ADDR field 108. Upon receivVving t%]}pglcqomrar‘% ?Q(gchggsfoﬁzggﬁggtgﬁ }rl}bsfﬁagr i ssues a
read comtandddresssprcenmishe flagh medulesadnddssuttn aghecommané sothy MTBMEE has
translated the aggt g5s frontaldednl bidPER. fighd 108.toa specific physical
address in one of the fllﬁash orr%g%%rlffsr.no O PHL FPASHVEBISM: er recei ves
the data frdYhenitles prasgsprocksy isdmished, tthesonabli@motififahs Best phEsRRNgewas i ssued,

or if an er - flash, controller sends a signal to the host
pl atform togtgﬁlaggcg(? {elg?%g?' wﬁ%néwlsﬁgf ﬁ%“tﬁglf:"k 0 Hysmitg an F'a@ass stafyse host 25

pl at form i spackst 124) ssastiowr iBigredAdERCRINESacRet 108 B6htShatnd SdarPaGF il 110 as
shown in, F|e ur.e ]tz(x@‘igg stqtzgs &gﬁ:ket 110 contains the address of the
read data i FEXOURT T fip/g 122, dhegehy prawiding éhe hastplatfesm witiea refxencdat a i n a
LEN fiel d ltbdhaadsdrisgued@dl Thé tiamk faccofdﬂlgato%ﬁ@] thé 8}!)&\?\%;0114&' s%gr%gle%%?t us packet
110 al so features.the status word, according to Ich The perati on was
conpl et ed, Pfﬁv'éieit"a&ﬁﬁ%‘%ﬁ@ﬂazﬁ-la. The read operation can be 30 conpl et ed
with many different status situations such as success, fail, error
detected, invalid address, invalid length and so forth. \Wen the host

pl at f orm needs tlbWalbestppaesiateddbet thrdbové destiiygtions ashinteied oaly tb bavy@ 00/ 60476
PCT/ USOgY 07, | ssues an "erase. request'! packet 118,
shown IOE]?! Fi gﬁ%gle%’gd.ng%g& %g%&g{&%‘%}ﬁ’%{ﬁ% “PH ’b?ee?’%‘a%etf@&t&?‘?% code in an
erase fi el dscepof thpreseheinvergiopal address of the erase unit in an ADDR
field 122. Upon receiving such a request, the flash controller translates
the | ogical address to a physical erase unit address on one of the physi cal

Q



5 address spaces of the flash nodul es, and issues an erase command to the
MID bl ock. The erase process generally takes nore tinme then a read or
wite process. Wen this erase process is finished, the controller -
notifies wheodvamt platforma new status packet is read)ﬁc’r%s&{/](ﬁ&?m t. The
controller then transmts an "erase status" packet 124, ‘as shown in Figure
14. Erase status packet 124 contains the address of the 10 erased unit in
ADDR field 122, thereby providing the Wost platformwith a reference to
the erase reque .JThe status _according to which the operation was
conpleted is pﬁ&éﬁg GIAIMER 'us field 126. It will be appreci at ed t hat

t he above descriptions are intended only to serve as 15 exanples, and that
many ot her enbodi ments are possible within the spirit and the scope of the
present inventidn. W) U8B dBErBepay/dgnice f@ rodkctingio aWHBFdefGieChbAd, MED 1S: 1. A

USB flash reRPméndeyVd&selcd Qﬁ?ecti ng to a USB-defined bus, the flash
menory devi ce conpri sing: %’gﬁ at' | east one flash nenory nodule for storing

data; (b) a USB(®onnedwst oficflash orenect inodult fortsheink/3Radef i ned bus and for
sendi ng packets 0n, for receivin acket s om. the USB-defined bus;
and (c) a USB cc@tro?pgrB oree oéﬁ?rr"&“?‘icﬁﬁg ?éf’%lUgé"{g@%@tb"éﬁBd forash menory
modul e and for cont seatling packesiot, 443BoLRBAGEE Phckes FRAL kRAISH Qefftled! €aSt ONE
packet received frogthe USB- defi ned bus, such that data is witten to and

read fromsaid at | eX%tahe flash nenory nodule. 2. The flash menory device
of claim1, fur{der £OBBICbrdIRr fdr WntAihif) S&E 4 1G& onk B f ol fonnecting
to said USB connector and for  receivi nrgé salé pacolget sgg{%%ﬁgrgé?odm SB
connector as a pl ur aiQr eontrolling said USH) connegtaslascordimgito(at Jeast dne gacket.
interface for connecfeidighdt s tleUsH-8Hdel SRl hdntElfase ang for translating
said plurality of electrical signals to Pogisccrﬁsﬂ%rqgtﬁés, waldenforadi ¢ signal s
bei ng passed to sai dead froragait! abiesst bhaBdshmemonry medalel e. 3. The flash nmenory
device of claim2, further conpri sing:
2. The flash memory device of claim 1, further comprising:
(d) an electrical interface for connecting to said USB connector and for
receiving said packets from said USB connector as a plurality of #:
electrical signals; and
(e) a logical interface for connecting to said electrical interface and for
translating said plurality of electrical signals to logic signals, said logic :

signals being passed to said at least one flash memory module.

3. The flash memory device of claim 2, further comprising: _

§3) a functional interface for receiving said logic signals such that if said
logic signals represent a USB functional packet, said functional
interface sends a USB command to said USB controller according to

said USB functional packet.

4. The flash memory device of claim 3, further comprising:
(g)  an application packet extractor for connecting to said logical interface

and for receiving said logic signals, said application packet extractor
extracting at least one packet from said logic signals; and

(h)  an application command interpreter for receiving said at least one



(f) a functional interface for receiving said |logic signals such that if
said 1ogic signals represent a USB functional packet, said functional
interf.ace sends a USB command to said USB controller according to said USB
functi onaWoP®eMes . 4. The flash nmenory device of clai m 3pcrusobiomss
conprising: (g) an application packet extractor for connecting to said

| ogi cal interface and for receiving said |ogic signhals, said application
packet extractor extracting at |east 6he packet from said |ogic signals;

and (h) an applicati L I Vi ng: . Sal | east one
WO 00/ 60476 PCT/ USOOMOS08 70 flbg d%ﬁ%’%@?@tﬁgﬁ%ﬁé é‘%t%fé“?‘lﬁg{r?{}’gﬁisagieg%‘%r&‘r%nd

according to said at pHaekettsasiremmyadbeing pssacditoseidiiSRi cdreiotlgr. passed to said
USB controller. 5. The flash nenory device of claim4, further conprising:
(i) an address resolver nodule for receiving said at | east one packet and
for resol ving anS.addrBsdlasbnteaionedevice of alaiin af fultkasbmprisingacket , sai d
address bei ng se sagi,d USB contro%l er, suych that said command is

{ to :
per f or med accord{’]%g 139 address rgppdyes Qoduls forpreeiving,said atdpast gnecregketandyf cl ai m 5,

wherein said comand foSregolVihj b adtIEBRNMnE DO s¥idiat a6 cHabaitOsa@i d at | east
one flash nenory rmdulglli and said address is a logical address for witing

said data, such that 2d9iess being ssuttospd dSRsonirpliry wich that said eammandds | ogi cal

address to a physi Ca|peﬁgﬁ|ﬁéasd%c&ﬁin§% iMddleast one flash nenory nodule. 7.
The flash nenory device of claimb, ereln said command is a read conmmand

for reading data fromsaid at |east one flash nmenory nodul e and said

address is a | ogt cal di sal d ,data, .such that sai d address
resol ver nmodul gé'r esoﬁ’gggagigﬁeﬁgbo%csggloyg@g} ée?s“éhef%n ga@ﬁ%iné’é 533081'ess of
sai d at | easimromel bt wating daaror saidwm dhakteone Bashihembryasddutemarsyiddediesse of cl aim

5, further conpr.ising: () a.data handler for. performng an error detection
and correctllsc?g[g ’Eﬁiﬁkﬁ > t#%‘?mg%ﬁ sd”%@“’t’é‘éfg‘tthaéﬁ@dﬁ? €% TRONGF PoAYAUl e. 9. The
fl ash nmenorseselessisaid 10gicat hadrisso afplydidACsddeREBf dasd L1%¢ast one flash memory

module.

7. The flash memory device of claim 5, wherein said command is a read
command for reading data from said at least one flash memory module and said -
address is a logical address for reading said data, such that said address resolver -
module resolves said logical address to a physical address of said at least one flash

memory module.

8. The flash memory device of claim 3, further comprising:
) a data handler for performing an error detection and correction routine

for said at least one flash memory module.

9. The flash memory device of claim 8, further comprising:
(k)  astatus handler for receiving said USB functional packet from said
functional interface, and for sending a status packet concerning a status

of said at least one flash memory module according to said USB

functional packet.

10. The flash memory device of claim 9, further comprising:




(k) a status handler for receiving said USB functional packet fromsaid
functional interface, and for sending a status packet concerning a status
of said at |east one flash nenory nodule according to said USB functional
packet. MO o0f¢va76f | ash menory device of claim9, further PEEJEQSJ/O?SQQ: WO
00/ 60476 PCT/USOQO 07087 18 (1) a MID (nenory technol ogy drive § for
receiving a wite command and a physical address of said at |east one
fl ash menory nodul e, and for perfornihlg said wite command to said
physi cal addres 11. | ash . system. the systemfeaturing a
USB- def i ned bus,sa)t he® 1@{/1? ?@&%@&B@@% H}‘Y% f%ér%fl%{%lﬁ AIEHE CYMEIaRd and
comprising: (i) at | eabysicaheddrésashsaibamiéagt diﬂédlhkl@mfeﬁnbrysﬁxgdidlélgn@%}a; (ii) a
USB fl ash device connector. for, connecting to the USB- defined bus and for
sendi ng packets on, &ff rf'“d’?g?&EPViCHﬁ‘maﬁ‘g&%tdspfb’ﬁléfrhadﬂﬂt?e& USB- def i ned bus;
and (iii) a USB flash device controller for controlling said at |east one
flash nmenory rTDCH| e agnd for controlling said USB connector according to at
| east one packet!!r ecéi Vel tesibirstere thespsigmf feateing HUSB-dstindd usahe dat a i s
witten to sgemicBagrifingm said at least one flash nmenory nodule; and (b). a
host platformfaor comunicating with said flash nmenory device- through the
USB- def i ned bus (@sai @ flagsmemprtdevicencomppsingi ng: (i) a USB host control | er
for controlling saidg;host I and i USB.host connector for
connecting to the US%—defz}tﬁéggtt%lggglh memory(mc’d)“leaf-"r Storing data;

(1)  a USB flash device connector for connecting to the USB-

defined bus and for sending packets on, and for receiving
packets from, the USB-defined bus; and

(iii)  a USB flash device controller for controlling said at least one
flash memory module and for controlling said USB connector
according to at least one packet received from the USB-defined
bus, such that data is written to and read from said at least one
flash memory module; and

(b).  ahost platform for communicating with said flash memory device =
through the USB-defined bus, said host platform comprising:
() a USB host controller for controlling said host platform; and

()  a USB host connector for connecting to the USB-defined bus.




