WD 00/ 60476 5 January 2004 PCT/US00/07087 1 ARCH TECTURE FOR A UNI VERSAL
SERI AL BUS- BASED PC FLASH DI SK Fi el d and Background of the Invention 5 The
present invention is related to sem conductor nenory devices, and in
particular to erasable and programmuabl e nonvol atil e nenory nodul es which
are connected-to a host platformusing the USB PC Bus. EraShhhmnaaﬂo4

pr ogr ammabl evaemsodrel ati | e nmenory nodul es, hereinafter &#&&%Hto as flash
menory or flash devices, are known in the art for storage 0

i nformation. Flash deV|ces i nclude electrically erasable and programrabl e
read-only menories (EEPROVs) made of flash-type, floatlng gate transistors
and' are non- vol at i \RCHETBOITURS FOIRT by il AU rf:ﬁ}gé)( @d performance to
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in-circuit, programmble, operati ot FASEPige pages of the nenory. One
exanpl e of an |nplenentat|on of such a flash device 15 is given in US.
Patent No. 5, %Q-d
herein. Fl ash *$&viEed age of being relatlvely I nexpensi ve
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a previously aﬁﬁﬁﬁgﬁo%?%geg¥ﬂg @ﬁ% ﬁé%@ﬁ?%%ﬁxm@mﬂﬁéﬁﬁﬁ@ﬁg page erase
of the area. Tmcttdmtaﬂpbwﬁormfusmgaﬁmm%ms causes themto be

i nconpatible with a per at i stem rams since data
cannot be witten %%Qg% %}£§}°§Mbg i}mWOtl ei‘ﬁé”’fl’g e&e\l}?rE’éaﬂeﬁ whi ch

data has preWotdity apdleth memary on flaghndesiss, Tai‘a:elmaw&an it dri foiitsto&rgQSEd A

Sof tware ngna Iosed in nt No.
5,404, 485, fi ?ggm{gﬁonwgﬁ m°e§*gagu Ak lly e a‘%?c%?%?‘&?" SrsCo f ol | y set

forth herein, MeRORes(FEPRAMS, maden afBashtense ﬂballngrgat@ m@nsishdrs tafae arefdoash menory

devi ce. Curren&lhtjde ntehﬁﬁ& d‘irhﬁ&hn TRIRSMIS SMH g tation,
whi ch is that tE' .her at tngcheg’grg?rgﬁ(cge{ I yﬁt%%?rﬁmml}lo’st

platform or &t B? B et aligyyipiin-girouij, niegraremabiine of@NACh & [ Per sonal
Comput er Me rmmyse(ﬁasﬂsl of ﬂhﬂ tnethoi@! DBOEample of an implementation of such a flash device

15 is given in U.S. Patent No. 5,799,168, incorporated by reference as if fully set forth
herein.

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
oo cannot be written to an area of memory within the flash device ih 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 herem 1s 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 platfofm, or attached and detached
dynamically using the PCMCIA [Personal Computer Memeory 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



30 Association] interface. Both inplenentations have drawbacks, i ncl uding
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PCTI USOCQO' 07087 2 the USB Specification Version 1.1 which is incorporated
as if fully set forth herein. The USB standard offers a sn#lJagiary Q004
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I ntegration ip. di t devi.ce .t echnol ogy _and provision of a standard
interface for u’%‘ggl%’“ﬁ %’%ééoé?pgfefﬁgﬁeﬂhﬂ’fy egptonfCyBriveeoasumsr.oedict . I n addition,

t he USB st andgproductieiy apphicatiensa si ngl e nodel for 15 cabling and attaching
connectors, such t .. details.of the electrical functijons,

i ncl udi ng bus_ ter mﬁ1 %tg?t?%ingﬁg%‘%"grgf"%’g‘fxgttogﬁﬁ”ferﬂﬁ?ﬁf‘%ﬁ@“%@‘ﬁ’§y|53.'3 stepdagigh t he
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ut onat i ¢ (FRPRAARy RAfes [ RGLMMASLE | By Lnesor e, tg-e st andard
enabl es all peri pﬁereg[ydevi_ ces 1 omggulgéuhgﬁ%%ﬁeﬁﬁmeé{a BYegur=tsi: A=t B

r e- conf i gur abfEPresged Xidsg-hisiftapdasd alronfietsdbraiesobitedtibiligy foomidednld®B st andard i s
descri bed by isbihRBoussRAdaR®s ardaljnigshat §AS:c; Lnterconnecti on, USB
devi ces and t%e. Us hg%g Iat_f_oryr% The USBagllrgﬁgtreg%{rllﬁlelg??%mnolt t he manner
in which USB (&UF EERomeE aninTiaen ¥ @ sipdardinigriess fatiapicdintesraivintibto atshe host

pl atform Thegiesdosaipaddes. inuidition e wmsmrﬁﬁﬂ%&%is%sh@&'xﬁlg@l e bus

t opol ogy, 1¥‘hié3a%1iﬂs Eht% gonnect o]y m el .between USB "25 devices and the
host pl at for n & and afaching connectors, such that all of the details of the electrical functions,

including bus terminations, are isolated from the end user. Through the standard, the
peripheral devices are self-identifying, and support automatic mapping of functions to
adriver. Furthermore, the standard enables all peripheral devices to be dynamically
attachable and re-configurabie. .

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
compoﬁents 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 layei'

30 inthe 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



The USB physical interconnection has a tiered star topology. A hub is at
the center of each star. Each wire segnent is a point-to-point connection
bet ween the host platformand a hub or function, or a hub connected to
anot her hub or function. In ternms of a capability stack, the USB tasks
which are performed at each layer 30 in the system incl ude saagada 2600w
nodel and awgeixeedl e. A data flow nodel is the manner ?m%o‘fo@v data noves
in the system over the USB between data producers and gata consuners. A
schedul e determ nes access to the interconnection, which is WO 00/ 60476 5
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dat a transf ersaed Seh sthpiuting edblanicbchehiuzidaa tressfod bk Eppba s@ver head. The
USB itsel f is;a:n0kled Rus, 1o host controller on the host platform
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controller, | S a B ket. descri bi t he type
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10 host pl at fAdfwsst %‘dﬁn‘ﬁ’éw ’é!’éﬂbﬁ? This pepket igiefeiredtotas thelfkéngmtkep? Hief orm  The

direction of 1o @vick rt@ﬂﬁﬁ:lemeb&k&r?@&m{ebs%&i sbl&tél%%gio?ﬁ&gdﬁgﬁget The source of
I cates at the source has

thetransactlonthen%c};H dat a packet or In

no data to t PRRSPEe adgyes figldsdp ﬁ&‘t"f"‘b‘ﬁa“sarcﬁma et isitapsferred sifisn Gem et h a

thands hakelq)achloa‘qnlatﬂmdi ©atdevigs opifeintevitd the RRH LY\ ASe dﬁé&ﬁ&ﬁﬁ'ﬁ%t 15 The
ce and _destination on the host

USB data tra r rmde na r _
pl at form and%%‘rjlS EhdReH d“éh‘mg?‘ ° eéfuﬁhg squzgeef he drapsaction thensegfisie”  There are
two types of daqgmmkst ormdrcedammgmb smBsSiag fo ditk foeamfgatie daamatia, SB- def i ned

structure, ﬂlgﬁ&ﬁsﬂﬁe ackc[tgr%lg:%ﬁr%% h%ﬁbgﬁ“ﬁ’ﬁéﬁhave associ ati ons

of data bandvvl dt rans er servic Y¥&racteristics
i ke di rectléFP&FﬁSﬁ%/ and buffer sizes. Mst pipes come 20 |nto exi stence

when a USB devi C%&Mﬁdt%ﬁ&%ﬁ%ﬁ@%?&%%@&sm Eon def aul otv cont rol
pi pe, al ways £X sts once a device is powered, In or To"ptBVvi de access to
f he platform and an endpoint on a device is referred to as a “pipe”. There are two types of

pipes: stream and message. Stream data has no USB-defined structure, while 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
( 1 conﬁguration,_ status, and conirol information for the device.
The transaction schedule for the USB staﬁclard permits flow control for some
stream ﬁipes. 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 NAX handshake, a transaction is refried 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



configuration, status, and control information for the device. The
transaction schedule for the USB standard permts flow control for sone
stream pi pes. 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. Wth the NAK handshake, a transact isdanisy2eds i ed
when bus tiweommsodzvai l able. The flow control nechanisqk@ﬁ@a%ﬁ@ t he
construction of flexible schedul es which accommodate concurrent servi cing
of a heterogeneous m x of stream pipes. Thus, nultiple stream pipes can be
serviced at different intervals with patkets of different 30 sizes. The

USB st andar d, ' has .t hree Ln_types of packets, including

t oken packets? 8{15&%%%%2%%}(%% dﬁ%ﬁ‘&?ﬁg@g‘ B%%E@P'?.m PEUEsCRIAIE2f each type
of WO 00/ 6047 @xemplary HAB absyra@ @@4ce. PCTI USOQ' 07087 packet is shown in
background an Fi gug - roun rt Fi e 4 shows exenpl ary USB
abstract device. A ?%ﬁ%%ﬁ%cé?@é%%%masa%%%%%is‘jﬁlgbrﬁék'g?’t?fﬁsrﬁ}?rt Figure 1,
features a Pl (packepidendficationbfinld 12, etifiag onk ofthebe pRket Sypee MT)OWN opne of three
packet typegs: skip Qb aLia P sEdkE: | Lel.d 12 specifies. the I N packet
type, the data t_ransaction-i?%ggiﬂﬁée%qﬁ?r%ﬁ?%\ﬂ?&ﬁ Fi‘%ﬁ‘”ﬁ”&ls{%ﬁ%“eﬁost

platform |f Bprmafmction tpshedgatplatfprmy IFHD @I 2 opecBEIPOUFaL RETUR ype, the data

transaction i gadigftjRede it jon. An ADDR field
14 specifies ?%e mr egs,t@%l%#goﬁﬁ%gﬁ%@%g{egbﬁ@@%ﬁe‘%?ﬁggﬁ%he endpoi nt

for token packet 14 ARBR fiedi4 sprsifisttheymidrass ndile s BWP figlh16usiecifieth® fiel d 10

12 specifies thipbint Sk@Renpaeto. G G 20 SBPTP RaRESbnd ¥RG@ TUP packet
ENDP field 16 _uniquely i geh%%&tpk%ﬁgﬁdpoi nt for

ype, A field.l4 an

recei vi ngqtl(? hehf%pﬁﬁé%sdﬁﬂg*ew t h&is RR PUT prekrhyperpr mSETVR paketiitpech f ol | ows
after token pADD® fielD14 40 ENDPNicldIansiaedly @aify dh@eﬁﬂp&imoxprk@id‘id'fg%éﬂ 12
specifies tha ck 0 is.an I.N packet type, ADDR field 14 and
ENDP field 16gu3%?%gﬁlgfi§§?a§§e WRAYA IW%’F? 2ewg'g161§ﬁ?w%‘t%g‘ﬁ1§‘?ﬁpﬁd‘§t WsFJat a packet .
A CRC5 fiel d PSiransaetionsnis vihivh PEP Gclkt 32 specifiar thal etk pick IMPisth B pdcRéen  packet

10 has been rggaeidigsh Bl MMy R | Qs | st. pl atform can issue token
packets 10, sﬁgh that token f)aclgaﬁ.régﬂfgﬂwgﬂgf %uk}gg%‘icﬁﬂadp%?msf"gﬁsm ssion of

t he 15 datapacket. A CRCS field 18 contains the checksum, for determining that token

packet 10 has been received without corruption, Only host platform can issue token

packets 10, such that token packets 10 provide control over transmission of the
subsequent data packets.
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 retumned, instead of data packets 20, in the data phase of a
30  fransaction.
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



subsequent data packets. 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
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Fi gure 3 shwooss@sfgackground art USB handshake packe

on?y a PID (packet idgntification) field 30. Handshake Sgg§@9@828 are 25
used to report the status of a data transaction and can return val ues
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lnore buffers, the device address oder €eco fdr ess of the
source dell c &R adipaurasr #ipa cagineifyA funchgyand d@m engl}m@halﬂnmd thikor

synchr oni zi ngagplieatisiry bekebis aﬂxdﬁaﬁfa@@&ﬁa@ﬁecﬁﬁ%rﬁhéﬂé Ghd Gl S GHged for

managenment of , US a evi 32 as a_ USB device are stored in a USB
cl asg to cont? P(L)diagélﬁ‘acee{% ﬁb?dgitﬁoﬂr?"@ﬂﬂ}ﬂéd%e epgingficalsospnsames adévi ce engi ne

40, also ter mBElutehmost'bﬁ{hpﬂatﬁa&erthUSBCbQQtI‘O| s and rranages the specific

functions and pr S.0 SE, ab Vi C I n_addition, function
and devi ce engi ne (.Jf} g")1(:"3.30 %cgkjsnu‘}?gssn ihﬂﬁw the rﬁamﬂs‘%‘p between different

15  entities in USB abstract device 32, however. Rather, the USB specification describes
only the requirements for the packets, and for the electrical and physical connection
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 havé 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, eaée 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



produces nost of the data over the USB bus. The USB specification does not
define the relationship between different 15 entities in USB abstract

devi ce 32, however. Rather, the USB specification describes S lgnpgryi2aes
requirenents for the packets and for the electrical and physical
connection between USB abstract device 32 and the bus. Therefore the
connections and relationships shown in background art Figure 4 are only
one exanpl Buef an inplementation which fulfills the requirenents of the
USB specification. Thus, any 20 specific device for fulfilling the USB
specification nust have a specifically defined and described architecture.
Unf or t unat Blumpmancofitic Inventidn t ect ure exi sts for a flash nmenory device
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flash 5 nenory device for connecting to a USB-defined bus, the flash

menory deve@EeCtenast {08 racgivingsaidipackels Siompyaid DSBtonpestoras amberaliy qfor storing
data; (b) c Jor
sendi ng pa‘?ﬁé{ﬁ ga%ﬁ%h@ghée?]a é?élg%érg?@?%ga %@%&Q ? rs%‘l%%l%ﬁﬁda[‘@gerga%g I'ne bus
(c) a USB tamatmglseil p‘lm'alitymftetaatridahggﬁdletodbgilce@hlspsmﬁl lofgiwssgqqallmbﬁmg/ modul e
and foyr_controllin t e USB ognector accor&ﬁng%% | egst one 10, packet
recei VBRI PB4 RSE "(?éﬁ“?"ﬁetff ey i dieatt) A dpmeioBal RSO &oaEnE ead
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connecti ng to Sai d
functional 1nterface sends a USB command to said USB controller according to said

USB functional packet; (g) an application packet extractor for connecting to said logical
interface and for receiving said logic signals, said application packet extractor extracting

20  at least one packet from said logic signals; and (h) an application command interpreter
for receiving said at least one packet and for determining a command according to said at
least one packet, said command being passed to said USB controller.

According to another aspect of the present invention, there is provided a USB

flash memory device for connecting to a USB-defined bus, the flash memory device

25  comprising: (a) at least one flash memory module for storing data; (b) a USB connector
for connecting to the USB-defined bus and for sending packets on, and for receiving
packets from, the USB-defined bus; (¢} a USB 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

30  said at least one flash memory module; (d) a command extractor operative to extract
flash memory commands from packets received via said connector; (e) a command
interpreter operative to interpret said commands; (f} an address resolver operative to

resolve a logical address associated with said command into a physical address for



connector and for receiving said packets fromsaid USB connector as a
plurality of electrical signals; (e) a |logical interface for connecting to
said electrical interface and for translating said pluralithyjasparg284 ri cal
signals to logic signals, said |logic signals being 15 passed to said at

| east one flash nmenory nodule; (f) a functional interface for receiving
said logic signals such that if said logic signals represent a USB
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ot east ot Ui dale LsBOnle B e i i S |G E O bct o 1 o
connect i NgmkMokRoliiBaAe tdRethmiittcaARE oh QhidI B LitehePRE KBS B'SBbonBHMerf OF
receiving packets from the USB-defined bus; (c) a USB controller for

cont r ol | i nepreprising: (i) eduentiopaldntet faesstdaptedde yecatyd @l nackaicsubh thag drseidgplacketg sai d

USB cophect ar ording t t _|east.ong. cket, recei,ved fromthe

Use- deld mett A0S SRRl spi By AR RS Bl AR SEUNE SN £ o e

| east one #dplshiicrEpmkat cxaatbeserially conreortRRer &id fideli®ial DGRk iaMe adrakt r act
flash nmenory commands_from packets received via said connector;

. . . . . (e) a
command i WtesPYCARIPPHsER Ragket; wid aupdicpiian PasketexBactaneidecting 3t least addr ess
resol ver operat] - o v P i : r ] 1 aid
command into agll;l) {;(sn}h%glld I%gg%t’e%sda(%lﬁ)) ?‘Q]Ba(b? gﬁaﬁ%ﬂf %maéﬁggﬁtgﬁdgb%g th§ said
comrand; aredeifg}paid commany ahd cheandyany sad commaapesuah thae dite icwritteroto andai d

fl ash nmory ans in response.to said commands.. Accor di t o ggai n anot her
aspgct{%f ’Eeﬁ‘é?fgpbﬁ_ MERGE ALIDHE: S cﬁje&gttgge%uggipwgaags aijv};g,%}é}ngg meror y
devi ce forat%ﬁm%etla&ab& rﬁ)nu%]?atﬁ@%ﬂopa%@ deVRe forlendst ?%f)?oﬁﬂ&*t%g%aiﬁ%ﬁ-e

conprising: (a) at |least one flash nenory nodul e; a USB Connect or
adapted fdefinednsction to the USB-defined bus and adapted for sending and

Contr ol 11'ng sai HEtarsndte S TraRe” ARy Hodu S Hafis o ot funi cati ng on
sai d USB cesineaée(PCY ReiddShh Gpdtinglsh§ttm such as DOS, Windows ™, 08/2™ or
20  Linux; Macintosh™ computers; computers having JAVA™-0S as the operating system;
and graphical workstations such as the computers of Sun Microsystems™™ and Silicon
GraphicsTM, and other computers having some version 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™ for
25  embedded systems, including cellular telephones, handheld computational devices and
palmtop computational devices, and any other computational device which can be

T™n includes but is not limited to

TTM

connected to a network. Hereinafter, the term "Windows

Windows95™, Windows 3.x™ in which "x" is an integer such as "1", WindowsN

Windows98™, Windows CE™ and any upgraded versions of these operating systems by
30  Microsoft Inc. (Seattle, Washington, USA).



conprising: (i) a functional interface adapted to receive a packet, such
that if said packet 10 is a USB functional packet, said functional
interface acts on said packet; (ii) an application packet exaprggygpo4
serially connected after said functionala i nterface and adapted to receive
an application packet, said application packet extractor extracting at

| east a command from sai d_packet; and (iii) an application command

i nt er pr et erigidag fthe PEAWBES aj d cormand and to carry out said comrand,

QlpI1 nD_- 1542
such that data 4 j 4 Qﬁrg) , such
that the entir eFIS}éwgcalegcg%?é@%@Bg( ééﬁ%?n?gfa{ llr)é;ﬁklfgkl ?g(%%a e}%&g@%ﬁég& e
non- vol at i dtescair@r age device for a host platform hosting said USB- defined
bus. Hereinafter, the term"c ter” ingludes, but i of limted to,
personal  conpufi&i£ 1§ pey eﬁ?@F%@E@%@PQ&E@%@%@%ﬁ data L W ndowsTM
5/ 2TMgor  gQichir@ux; Maci nt oshTM conputers; conputers having JAVATM CS as
the operating system and graphical workstations such as the conputers of
Sun M cr osyst enElfiv3dnd sSiehiatio hlocrdiggnire o1 Mbacksowidvetr USB hpudsbeke dadwi ng sone
version of the Hglx operating system such as Al XTM or SOLARI STM of Sun
M cr osyste‘r“?fg?\?ls PRy ot her known and avail abl e operating system
i ncl udi ng oper akiNg i§ Y SERIELS BEdtk iPa ki GO ¥E exdaitbiyHackgousdeded syst ens,

including cellular tel ephones, handheld conputational devices and pal ntop
conput at i offlicegdevi ces, and any ot her conputational device which can be

connecffd to a k. i.naf t er " \W-nd rQ ydes but is

not Ii‘fn(‘)le ted to p@%é&égﬁhﬁc&&ﬁ&#&g@ﬁ% kﬂggﬁé%%ghgﬁ%ﬁwssﬁgg’#%t eger such

as "1", W fdon@iilitiMccordinpckouwhOpEhdnt Wvediiwy CETM and any upgraded versions

of these operating systens by 30 M. crosoft Inc, &ﬂ?g%tﬁle, Washi ngt on, USA).
I

5 January 2004 &3 8 aschsgadicblackshagsam of thepy 8kl is a schematic
bl ock di agram &%a:h . : : . G 2is a
schemati c bl occk)ﬁ |'a7tgar§g§1a%3 a t]):)gtgzc&gr n ngr%?laﬂgfgéfé%fti%aﬁ%ggﬁ#ﬁﬁgcgt? uct ure;
FIG 3 is a schEifhatsiis alstlmoiatidibbegpkatiagrim af b dleklyrdentiication std8B faakedshake dat a

E:gtghﬁ;{ju; ,l[J "B 6' ig-l asc E:Inflsati%1 b?occtlle iagtrélngl ) Ia(%lcas wﬁ?eg{ea&s?gacﬁ(gt;exenpl ary

CH ==

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;

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

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

Detailed Description of the Invention
An embodiment of the present invention may, for instance, provide a flash

memory device, containing one or more flash modules, in which the flash memory is
25 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



device; 10 FIG 5 is a schematic bl ock diagramof a systemw th a flash
USB device functionality according to the present invention; FIG 6 is a
schemati c bl ock diagramof the USB Flash disk; FIG 7 is a schematic bl ock
diagram of a flash identification request packet; FIG 8 is a schematic

bl ock diagramof a flash identification status packet; 15 Blieudy 2604
schemati c bWoekeéodicagr am of a flash wite request paCke%cer&n@omé-fo is a
schematic bl ock diagramof a flash wite status packet; FIG 11 is a
schematic bl ock diagramof a flash read request packet; FIG 12 is a
schematic bl ock diagram of a flash read status packet; FIG 13 is a

schenmatic bl a f.a fl rase .reques acket : d 0 FIG 14 is
a schematic gﬁg%ghsd?s;‘%rﬁég daig rege arﬁ tra?sérgglogtoﬁrEjsggﬁ’éﬁ?&@taﬁ&’fléﬁﬁed

Descri pti on ofndpéints. I"ﬁime:nmtwtblnra@wsepmnduherﬁmctxonilnyhﬂcmtﬁseﬂms flaventi on nmay,

for |nstance cont ai nmore fl ash
modul es, mﬂ?‘%%ld%? ﬁvélf ?11;1: r&@ﬂﬁ%XfQ%aﬁgmdedoﬂ kfntﬁgrgrgglaeﬁg%ts space of an
ASI C or a con%@ﬁ?lleér'i‘hﬁmséwnﬁaléﬂraswdmmwswlep}bmqmIexthemtmdirace and a
USB- def [neg | Gghabialy loRlehA0 nefitbfinGRitb bOLLBEALT, e USRELE! NAft &1 termed a

"controller") supPorts functionality according to the USB
standard, thefaBB Jﬁ]&bﬁhﬁevﬁgeémm@twacﬂynmp@lytammlammge 8604 WO

00/ 60476 Pd/wmgg%ﬁwmm JtBSm\el | as data reception and
transm ssi on over Sﬁ@%l es to and from USB endpoints. This controller

al so supports the W& WeRfiqn iy sussetitioiervarqus godifipations agd pan bsenory dev, as
wel | as the pirpkaratedgsigfmmoaanivaRend 8lambatkek & sﬁJ»ﬂmyt‘#h? ofost

‘control | er The host ntroll one of S| veral ossSi b r ot ocol s,
ei t her st a%da?xamglebrfﬂ’f)&SW‘P’%‘i"g “91%?%5%11’6‘?1'& e E’B’rﬁi’éﬂf?& o be
performed to smhﬂdbs&dbﬂsasmthamnbﬁ‘@dhh&ysknﬂ'huﬁe, arﬁalijﬁreﬁitédtﬁaﬂﬂﬁ@b@s&le acts as a

dynam cal |y e_hon- |atile storage device for the host
pi atform V\halwe%g ﬂg&%ﬁ@gﬁ@gﬂn&:@ "éﬁasnglésp(f DIEH 'ghc\}‘éf’qt‘(?gés W4 cati ons and
can be i npl enedificationsghdejtermatives Slilingrwithini theespfrid pfitbg cuimdesst inwethitbali Nent i s shown

?KeV\?gl IC)]:)VM ﬁg Sgg—ggé ﬁ-lir![cﬂaleg b ARsES (ARG Jielvicpgldcl%%&ﬁ :iacl%grqmig p, det ai_ I's in
15 “the present invention may be better understood with reference to the drawings and the

accompanying description, it being understood that these drawings are given for -

illustrative purposes only and are not meant to be limiting.

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 a2 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



shoul d be understood that one of ordinary skill in the art appreciates that
the present invention could be inplenented in various other ways. The
intention is to cover all nodifications and alternatives falling within
the spirit of the current invention The principles and operation of a USB
flash device and system according to 15 the present inventisdamigy 201
better undewevwa@drisowi th reference to the draw ngs and tQ@ngu(a;ﬁﬂg:panyi ng
description, it being understood that these drawings are given for
illustrative purposes only and are not nmeant to be limting. Referring now
to the drawings, Figure 5 is a schematPc bl ock diagram of the main
conponent s of NRiRLY device, and system according to the present 20
i nventi on. Asft@g%{luérg}gﬁory %’é@?@?ﬁs %kﬁsﬁgafﬁﬁbélsgmﬁ%%g‘)sﬁl’]ﬁ At 44 as shown.
Host  pl at f oraanfighres hiSBlagtsdefoBA46 dne sie miele bf@midimRaticd WISk i | € st orage

space. Host pi.atd&y ' o, USB f | ash devi 46 according to
t he present ien,vent %%%Fhﬁgﬁgﬁqg&%gﬁreggbr?%%ﬁh’r%@ﬁﬁ%&ﬁ44 connects to
USB cabl e 48 deving 4 ths pusssehofrlarisombemt oith&0intantink & BSMifidgasb devi ce 46

connects tp ALRIA R 4ahd R . devi ce connector 52. Host
pl atform 44 features § USe ?llostl g%%ﬁﬁegﬁigeel%gﬁiﬂfr%amé%ﬁW@P‘ﬁ"ng and managi ng

al | USB t r anSthishdiognlatipmn 445esups pommasis apd mguests 0 SR 46 dbdatdditiesuga USB f | ash

devi ce cont r @hb eddp&ifk. Fiost p@tin AlguiRUsh M8 of USB flash
devi ce 46 and %or Pr oVi d?gg%an iqnt erfacgﬁ?horﬁ?fsﬁﬁg’gpggﬁgl%e&i ce 46 to the

USB bus, USB “PYPREY, 1o Hete ehanesh atteesiives pelaindpackets ifeany such packets ish 30 nenory
.modul e 58. Flwa#ingmebenegivedul e 58 is preferably an array of flash nenory

‘modul es 58 in whi hsttlhtg data is storedﬁ Whenever USB f|ash device 46
becones connect ed ToFA Waﬂslr%?f‘?%srsﬁﬁvl‘fﬁs, om (P feshelovivetehysandingry 2004
PCTI USOQ/ 0708@ugst paskeintd A1SB HoSBomullees4al/S D RosPEddE it 54 MkBSilaaGs | n this

process host f L.gures USB f| vi.ce 46 and the node of
communi cat i or?gvll\Jn% thﬁ%d'{c,%é}#%sgﬂ“ﬂﬁf‘l&%\‘}‘.eéﬁe"eﬂﬁﬂ%&r’ﬁgﬁg CYRISPRCUPSONRY di ffer ent
net hods for &5Biileghdavisg4@BRA¢ dexishon tiemidpeintdd thefrapedt NESERP@SRS Of clarity

only and w t Besdondr 2k eHadl |t resent invention is
expl ai ned i niﬂgregtrer dgFgﬁ"{]g‘éﬁt\ﬁd\ﬁgﬂa{]]dnrgguﬁg%pdl%fagmgg%'?%{gﬁmﬁﬂg %hi ch host

pl at f orm 44 2@ el faghmemery medye()d§ s suppottiog bisis USBifshctivealibcmckd® t hr ough

device enumeration and configuration, USB flash device controller 56 controls flash
memory module(s) 58 by using a control line 60 to control the power of flash 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)

pre——_

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 statns 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



one endpoint. Host platform44 queries USB flash device 46 throug_hfthe
other endpoint for status changes, and receives related packets if any
such packets are waiting to be received. 10 Host platform 44 requgthﬁ t
services fromUSB flash device 46 by sending request packets to U t 2;
controller 54..USB host controller 54 transmts packets on5Ugiapb %488 :
These requedtodiadd recei ved by USB flash device Contm'ﬂcﬁfus&ﬁﬁﬁlﬂenfl 5
flash device 46 is the device on the endpoint of the request. USB flas
device controller 56 then perforns varl{)ous operations such as reading,
witing or erasing data 15 fromor to f ‘ash menory nodul e(s) 58, or
supporting basida @Sm“’““‘t‘gaml US3 f‘?ﬂnﬁafcong@tggs??eed{wegtgﬁg%gggry
configurationg, R v .contro

modul g(s) 58 by us.Jn“éaﬁﬁéoﬁi"#%‘?"l%ﬁ@%ﬁ&aﬁs 153’&!;“1 H%_CﬁB‘WéfQS&EtCL | gghcm )
rrerrglry rmgul &?ﬁwm@?@mh??hfwgg%m%?;mﬁﬂcgmig&bry dul e(s) 58
enable, and r ¢

are al so conngglt ed tba%SSBB ZOE%SIQQ@E c(’fletglge CERET B BF E’%tpﬁé]%fiﬁ" dress/ dat a
bus 62. Addr e8%7eatte ¥SBlestadevice 4hsfers commands for perforning reg(cji, wite
or _erase commands @indclod sherMBIEH Henl LSS packbls el Bk el e, addr esses
and data for these commands as, define y the manuracturer o afs mezz y
modul e(s) 58. “TRPOBFtethidhds 2 egmmined pbyisice] end logical dterfioatist i4f fandtiosal pl at (ﬁrm

on the resul tinitdce 8% hafitsty Glont b RESPLLANRERL AT ANRTIGT bY host

platform 44, USB_.flash device 46 transmts atus packets using the

"status end pHicRficatongndas prepiquilydesqribed wityegsd iodFisurlo Thesp fokerfmaeketsd4 checks

. i | i . # ither an enpty
(polls) fap smatmmqhepaﬁejmma&nalaa@htsdﬁusmwﬁg?re;?edgt@gr&alter hativel y

i f k f w st at nessages ar.e ] |
ot EretnsI t hgosféﬁ@ﬁeg%%&ﬁgﬁeﬁgﬁq?“gérf‘ﬁng 3o,k gyhey weotion Partigtirgerligationof ¢ he
functional corfJé¥iefirsk dojccWSss 4 {lab Hisidaxitag toléltﬁe ﬁr&eﬁh?)&ﬁtjdn{ﬁlﬁhe%ﬂfeﬁf}; . USE Cor
devi | ' and e tr] i.nt er e define
the USB. St andar i i s Seehotveoipled B Bk nfiie I Byt 580 001 60476 5
January 2004 shpem)andet plrgam 44 dnot shedmhtoddemiify d 1SBr flabindesich 4€ sadGllocaldSB f | ash

devi ce conmecie@urdafof BB i@ Sietibesen R Gl T

ﬁl{sgﬂﬁt{ti%ngl E“%r%a(%%% o%f}bl e 48
which carries_electrical signals fromhost conttoller (no
supports USB functionality needed for the identification and registration of USB flash

device 46 on the USB bus.

i

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 preferably a plurality of, flash modules 58, each of which
has a physical address space. Thus, a franslation 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

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



shown). These signals are then passed through connector interface 64. Every
mllisecond, a USB frane is carried on the USB-defined bus, such that
packets could 5 be sent to USB flash device 46. Connector interface 64
then receives these packets through a first interface conponent, which is
a conbi ned physical and |logical interface 66. A functional Silatery 2@ 68 is
speci fical | wodesisgned to receive token packets as defi nf%q,&ls t he USB
specification and as previously described with regard to |g%)r7@71. These

t oken packets to are related only to particular functional aspects of USB
fl ash device 46 which are required foflthe USB standard, and do not have
any relation Pfefddlbo!s 404|485, paRidd | Vi 6 .as a flash
di sk according,to the pre gﬁ? iﬂggﬁ?@%ﬁt.eﬁ'lyhgg@gn%&o Zﬂhﬁ%gt:ég?gﬂ%{ﬁd their
respective relBiPhEENEA B iepwagngpileh veBon@s & fledrliskahd ehiclsié (not  shown)
and host pl at fubtsble fbé oferddion SABWA prekdit ind@mbs.fy USB flash device 46 and

al l ocate 15 resources for USB flash device 46 on the USB bus. Thus,
functional interf dt&gBnden AP handies date ralatedsmpecignEanyaeraivid sommeadioshdf or t he

i denti fi cabi oconeeyhgtRGiatlthiohghGncRbnaH SR fided | " USB bus. USB
flash device 46.,al@%flf eat uregs an an}:?pl fcat i g%%@?ﬁ’?ﬁ%ﬁ?‘?@'&?‘%?g?o whi ch

extracts the SpiPllznd Brfeskivadasmirndlenifenstfens aunerton eortsBBmapd| i cat i on

packet's, suchdetsdfod o RYpliGabl Qna 3 0 .supports only
application reel it ed p;ckg?‘g.&ﬁlg(t, anghlr dﬁé@'{%@%ﬁﬂé@?ﬁlaﬁgﬁdﬁai ce 46 by

host pl at f or riePAve@adele I athpperats with anainflestying dfemoneBathnolwely Meiver (MEMY i fy and
erase COMMANES to @ik, teld ereRis@d kil ARK AR AL LA LNkSS Preter 72.

‘For any C?Wgﬁ]agﬁ \A@i%i nvol ve data or an address, such as read, wite and
erase comrands, 5.’3‘5 ess resolve nodule 74 translates the address from 25

the |ogical addre#estpphaforn 44chtdks fop Bis Siahged AT Bash BAGSE 46 Rl atform 44

(not shown) | pear, address space of | ogical addresses, while
USB fl ash devéiiagjesi’%.%étstggﬁﬁjaglﬂn@asggwfc& gf”ﬁ lew SHErs prat dpdghleyUsing| ural ity of ,

f1 ash ‘nmodul eshBgstatasrabkets UGH ifledh deviesi6aphiysink b hastl fh@sif APARERsud hUs, a

transl ati on rg¢girh n he,,.l Qgi cal address space of host
pl atf orm 44 (not esﬁtod\%nﬁ?{agcﬁcggﬁ%gith\égﬁﬁg rgégﬁgi?ﬁ‘bcéts tggwahi¥es of USB

flash devite A¥oPlgHsread spmard patuspgeket contrimpbrervé thie asdilalle stathg wetgd ati on  whi ch

are sui tabl e shérastdieeep” ELRRY of WA AR NH IS Qs 4 4,201 €
I mpl enent at i gn,_of. an adqr?ss transl ation’ rre%fﬁogﬁggsh%até)slaé@%ydmw th regard. to
US. k WO 00 1%6tﬁl:flgnet ¢ result of the read command (not shown). S_imi]arly, the 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 read,
write and erase the flash memory device controlled by the controller operating MTD
25 178. 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 flagh 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.



5 January 2004 PCTIUSOCO 07087 Patent No. 5,404,485, previously

i ncorporated by reference as if fully set forth heroin, which teaches a
met hod for nmanaging a flash nenory as a flash disk and which is suitable
for operation with the. present invention. A data handier 76 handl es data
rel ated aspects of any received comands, and 5 conveying #i@n aotddr ough
functional wumkiaece 68 to and from fl ash nodul e(s) 58.P %ﬂi onal ly and
preferably, data handler 76 perforns any error correcti SH GNP et ect i on
met hods. Application command interpreter 72, data handier 76 and address
resolve nodule 74 all operate with an umderlying Menory Technol ogy Driver
(MID) 78 to i Lea rase articular flash nodul e 58 and the
desi red addre\gég'%%? tﬁ%‘f 97&1%1 6? 1955} Ou%iﬁﬁl?f“@o%tﬁq by psEerengs. diselesenqesanapiecks f or
st at us changesfduph WSBTPIfarsiflastedevice 46 and reads status packets from USB

flash device 46 g Ci val l abl e, Using these status
packets, USB flash Qleg\e/hl1 %@%%&eg%ﬁgdté@ﬂ%o %,arcthgecﬂ’(‘.%g’osbpléﬁf?%’r%cﬂ, the results
of different eRiwRtlvdspriemenieny dpplitatet wigtteit fmprlemohthble vithtaiy fegagaest s (not
shown) . Fok 1me@d ad 8 o Hemman at acket. contai ng one of the
avai |l abl e st at us,l\?\{o%ge such ag . "_succes%y?év"cg'r r°6?x"’8’|pﬁ"%"?‘wg‘1‘t?’8“3ﬁdr ess",

whi ch enabl es*Hidate 35taadadblpskalevipinterfase ¢y sapnapplidation, essell 4s aofagidie r ead conmand
(not shown) . $bipd Béding “Hahii&r ase, StdklSa; . contains. a.status word

i ndi cating thf cog]pl e/rgi on ofI the er ase_%?gg%géﬁelx&\?%écfce“be%ﬁgt us packet is
used by USB f A NI W¥¢326 to notify host platform 44 about the 20 result

of - the wite conmendn ekipleyraFRkeredBBE AL ent &8 ccessful or
erroneous,,. and _whet h’gﬁrhé’fﬁB flash device 4eé1 S e&g{gg@%ﬂggﬁg,&gg“ onal wite

requests frothhos° ST opAmecied it PR flash dnvies! aoepydims fovkerpresent MFD 78
typical |y conineéntisn isdedcfited svith@egamiaslihe pibdsted oﬁilashti%fiﬁgzgm%gﬁ,mﬁ,{ggsh nmenory
devi ce cont roﬂe&nﬁ%ﬁ}ie}aﬁﬁ &gggsil%gli&r%op er%t i ﬁr}g I\[ITu £ 8. In addition, MID
78 optional Iy contalns an Tdentficatiom'Ps PHgestationabArhaYy t he proper
type of fl ashiniredios ip bdEwitine irf oy wahi teexhMiRary &I BaBsti@Sicg BRGn 2% dehat  t he

control |l er cagodalifhdd [1&h houl activated upon
i nteracting-w th a %Hzliér}fim\gél}{l%’r_eawgs mﬁ%{%ﬁ%&@\?fz%ﬁﬁﬁgdé?g“ﬂﬁia‘éﬂdi tion, an
i denti fi cdti dAPIF Butiiheheiiash feyidsso thatdiost platfoutetrectes itk Ipicakadabssthe array of

flash menory gevdrefsds iddGhoudlichs bltGean Wgk, (%Lic%%dftﬁeal%gt TRARY Yo devi ces
wi thin the array, ar[}g var i Olﬂs features of the as arrpay
carried on USB data packets, and 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 or.a 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 driver. The driver issues an identification request



geonetry, such as interleaving and bus width. This information | ater

enabl es host platform44 platformto determ ne the address space and size
of the storage nmedia. WO 00/ 60476 5 January 2004 PCT/U500/07087 12 U.S.
Pat ent No. 5,799, 168, previously incorporated by reference, discloses an
exanple of such an MID for a flash ‘device. Using the above Sdesuary bees
protocol anwoalsiet ecture, host platform44 can optio lI‘}UXUU{]‘FEQ‘} enment any
application which is inplementable with any regular 5 nenory mapped or 1/0
mapped flash menory device. For exanpleg, host platform44 can give a
standard bl ock device interface to each application, such as a magnetic

st orage nedi uenirhaed ¢b W YRB hdst cangrollarscaddiipotho®adollentotthagsniir @vi ousl y descri bed
U S  Patent o] referred enbodi ment of the
present i nven%H?lglnﬁ%m%aﬂaéggge@?as?@gﬁfﬁ%m {dtm%lﬂggtio&%acé% SHEF to a USB

fl ash device Bﬁ%féﬂl@wdphﬁckm fwﬂdelﬁemdescnh&metwanmw@bdc&.gmnmcﬂmdﬁguret h regard
to the proces § r » I n and erasing the

fl ash device. §eﬁe&lﬁmﬁﬁggd}{gt§g§ggc&ﬁ u@%ﬁ%nﬂp& t?z% nd W thou fion i nt endi ng
to be |imfinepdrfeldsy T\%&?“@‘Wé“@i@é%h@&’@ OsB dﬁ‘heﬁsrhced@wdwﬁmgn an. array of
two flash nenditdyp0Resl 83 traf3GHHe bpe | s e address
translation 15 Eabl e is within th%%%goﬁegggéggéng@ '3?1 érﬁ”%%l;!‘:"pl atform
oper at es wi t h*APBEFfRLgompmd Bdaeter. Al | conmands and return codes between the

fl ash device and Hrhﬁs;lmgettomeaidfaﬁrfﬁﬂoaﬁqﬂmmga{erﬂagpdeg@eQ,gﬁseg&taﬁl packets, and
are transferr d hrtouaqn E Sgt E@@Eﬁﬁ The exact structure of the
packets, pipé' PUPR ARBRY <Y kege & 1in adqitiopytspihe fields sheweeini on. The
oper ati on 1of Fibee é,xdaampﬁanyn dm/paeleet&ndso&wﬁtaﬁmn&%a{oﬂlamt&@s&mt@r esent 20
i nvention i s hdé?/:ce ice s first connected to

t he host or m ’ha ﬂaﬁégeme St° g%ﬁ?ﬁ ]:5'}; ?vglpasgggéf"&ﬁgn PuipRzEeEht o t he USB

fl ash devi ce IuwmalheraseLUSdem@smathd ﬂadhmnmmgm&ase&amcim@adm described in
the USB specifi camlg@th N CE 8L he host
platformto assign S rgtso%%%gﬁﬁﬁlsgfﬂ T Ao %fl?%‘ﬁ‘g £°pl at f or m how
much of theséc¥t€§8ﬁﬂ63@sbuér@fﬁewbdammh@15 Sblktealllwcmmmednssk 25 can

opti onal | ys SupRGHitted HMREnSOY USB cSRBALS:s td tnd ﬂa&tluﬁﬁut%%%&ceoén&};mr&“ has

al read al | ocate sources to other device
y Chlch tgc cgata packet should be transmitted. Upon successful reception of the packet,

the USB controller issues a USB ACK packet 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 o the USB flash device. A write data packet 90 is shown in Figure 9,
which again includes the fields shown previously in Figure 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 wn'ttén; 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



The USB controller also negotiates with the flash nodul es and determ nes
the size and manufacturing type of these nodules. The controller then
builds an identification structure holding this information, as well as
the translation table and 30 |ogical address space. After the USB host
controller identifies the USB flash device, the host pl atf ériameiy 2004

upl oads a USBoobw®nt driver. The driver issues an 'dentlﬂcfrhﬁd%ﬁogﬁﬂ request 5
January 2004 WO 00/ 60476 PCT1U800/07087 13 comrand to the USB hos
controller, causing the controller to transmt an identification data
packet 80, shown in Figure 7. ldentifié&ation packet 80 contains PIDfield

22 and checksgymaldifl e ﬁl?ﬂ(:ﬂﬁd &S, Gh cﬁﬁgrgét?\ﬂal&%ﬁaﬁ c{o(s)%rmgrae‘%t I’0und art Figure

2. ldentification packe SO contain 58Pt i on code in
an operation %%bwémméw\d@ blOFhéfhprEhltb@)ﬂtmaasteea“wﬁtet’ bmmhifﬁBoﬁl ash device

recei ves i dengyb fidtgaddieddbus ddtch c&ﬁ@éﬁﬁhe £ %gulgsrtgﬁtﬁgghsde%hgcog §l.ft 1 ng code of

the "identify! commnd to the application command inter er I n response
to the "i dentPreyheBrRtgds complets angd & plafgendcke 1StrPFEIrIteC!;Terﬁl¢§VI§ﬁ, thé idewdit i fi cat i on

dat a packes %,m&jb@:ﬁﬁbﬂ iBtririsRile® to8he Hobt BEtEHIES ﬁ@pﬁsgedttgﬁlefdéﬁée%vérﬁpm in 10
Fi gure 7, |de£%{§%l | on data packet 84 also contains information about the

si ze of the f e in a flash device size field 86, as well as
i nformation about Vﬂhﬁﬂﬁlﬂz&l daﬁtrdlllaﬁﬁmdllibﬂh@ﬁhm%r @ssbtﬂé éon{r&ler SpR&ig the flash

menory in an er size fiel packets described in this
exanmpl e are otﬁ?y E%‘#g g@kéﬁt G\ asgg’ﬁ‘t‘mléfﬂe‘f‘?fémfﬁ@&?ﬂsby Bef ore each
dat a packetI mmi;M“wme BB padkern 0fas et ibFigbe 10, AR AL 4tk ﬁt:lﬁ@%vlr1 UCL' nﬁ the
USB contr e e oin I ch the
data pac kg(% s ou?(at‘l %peatc% é‘?n‘fsj"%gt ng%““t‘fp%%‘&@cﬁ?ﬁ@?‘ﬁ@%%&@ |“t?r?"’8'ﬁ t he packet,
t he USB cont rrethetsifropsthefash metySs dadic, paidiont wits std@s packd @0, e hodte USE

speci fi cati onatfRg ferdddss I%Mﬁa%ﬁn‘dl{éhé’@ornﬁﬂéugnhﬁﬁs&%?t L atormyreceive this

status packet, the drivers can start 'Issulng rea and Wit & commands to
the USB f| asHeadingistams field 403 %thlszeana»gppthp@aahmmmmmmeawmkaew| te

request is sentandaEwsaddatraorm%ﬁtehﬂétbﬁtf&ﬁﬂoﬂ% %ih:@ﬁl:e ng%ct he "write”
conmand, d the containin data, Is trans err to the USB

flash device.%® GiJrF teﬁé‘t%ﬁ“ﬁé’éﬂ‘é‘tl%go is shown in Figure 9, which again
i ncludes the fi el dsstelainFipirevi, atshdreist™pAuEta08conBYE @Rlplih Wite data

code for the “read” command in a read field 106, and the logical address of the desired
location from which the flash controller should read in an. ADDR ficld 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 components,
When the flash controller réceives 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” packét 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



packet 90 also includes a wite field 92 with the "wite" operational code;
an ADDR 25 field 94 with the |logical address to be witten; a LEN field 96
with the length to be witten; and a DATA field 98 which contains the
actual data to wite. The packet extractor extracts the operational code
fromwite d (?@?acket 90 and transfers this code to the apgancay 2004
comand i nt erq%) RS The | ogi cal address is transferred rardeoromrddr ess
resol ve nodul e which translates this |ogical address to a physical address
on 30 one of the flash nodul es. The data;shandl er optionally calcul ates
error correction and detection nechanisns if enployed by the USE fl ash
devi ce. Once alltosigrlatiora ispycaan ‘cravereguest” poilet| 1868 shoven in Bithe, 13 ATHidMabilee” conmand
is sent to the dhash e : S Ja 2004 WO 00/ 60476
PCT/ US00/ 07087 14 Qgﬁ?gihgr?i %%; %“%%@sﬁn?a © éeﬁiés@g%?%ﬁ??@?%ﬁﬁ%nal ly
span across nor¥&St Wahnane DR Gl 23p YpdrereteivinghracH\iByobtobik flaskbentd$? bl ock
then i ssues a "whilites'th€R A&k : us i ch connects the
fl ash nodul es tq.the USBgig%vi ééekgéooaﬁl@r?%‘%ﬁer?{e%gl%@ggsf (ﬁneong\égtr%r}fygﬁﬂi s conpl ete
and a status’ pdCREL spes Ahsilaehmedyles pad ivfes an dnse pawwrnt idthoMTDHdockper at | on
is transmtted to t ke a8 pro6@BfdnelaliPlakad MBS, ox adtopaﬁg%\{&c%%_ driver in

e "Wl

the host platf h controller finishes t i ng process,

qﬁn Wien the fl ]

the control | er CIGHEF E25HTo0Fs & Hiked. te soigHennptifies thefhest platforea o t he USE
flash menory detaius padkerss ehiyrig eshsmbly TheRREHIREhe rabhtSnStalUsisPacket 100,
as shown in Fi %H{k@ 9 Isﬁlv%l.age of ?ta field 98, 10 wite status packet
100 contains arstatus Frald 4 5suetf T976 Stptus pasket 434 foptaing the edsess pthes

packets froff t lsesdduait in ABPBIfiplddag,iteesby artiding GE Hoktipleost RltScRagket 100, the

host platfor ' i nfQr Lon on the.conpletion status of the wite
command by r g‘;ﬁﬁ%éﬁ%}fa agstgflﬁlg cﬁ]‘i%ﬁ(.’rglflﬁavﬁ?@ tg‘g‘ﬁ’ﬁﬁf“é“, wasitempletsd s menory
devi ce repeat s PIRPORI Mjagtagns figld 136d LEN field 96 in order for the host
platformto have a reference to the specific 15 conmand related to status
packet 100. As shown in Figure 11, a "read request" packet 104 contains the
operation code for® VHreepaigtiatedBatihismbove desgriptiongiors intended b0, to semek 2t he | ogi cal
address of tsheeampiesefd thasaliotRr dtRRadhk G foli ! r shoul d
read in an ADD&JA&J& 108.t.U on receiving P%%gglecdgmgﬁ tﬁtgdth%ash

control ler issues & reag CONTEIY to the MID 20 bl ock, after the address
resol ve nodul e has transl ated the address contained i n ADDR




field 108 toa specific physical address in one of the flash conponents.
When the flash controller receives the data fromthe flash device, either
after the read command was issued, or if an error occurred, laneary [288h
controller sends a signal to the host atformto indicate that a new
status packet nust be read. The host 25 platformissues a read request and
receives a "read status" packet 110 as shown in Figure 12. Read status
packet 110 contains the address of tHeLABdd 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 al so features the status word,

according 1o WAITUSB flash PERLAL d¥iceBS MR8 d USBLdafisddaudsthb ingsl 116. The
read operation can be 30 conpleted with many different status situations

such as sueeBes); devigeicomgrismg: det ected, invalid address, invalid | ength and
so forth. Wen t t.f orm needs Lt @ _erase .erase unit in the flash
devi ce,sht he V\D%‘g?%‘g%gngh%%hlﬂgmﬁwﬁaiule%E‘FE%@%F%?OS? 15 host platform

i ssues an "er asg)aaIBEsénneMRE ke lcoddddting RO UIB-Hbfineiud 3nd Thisendiae ket
contains the "erase" operation code in an erase field 120, and the | ogi cal

addr ess of padsets ogr apsifonrsiceiving rankespimms the| §SB-Apfinaddns; r ecei vi ng such a

request, the flash troller. transl.ates.the |ogigal address a physi cal
erase unit addr@czgl‘@ﬁ;]%?{gmb) r{%go%ﬁ@b?%%d %tqg@apgggas%agggryd?o#uﬁeeaqqoash
nodul es, aftf cb&sdIBSy id EISRS@naetHRRdoldthg 0t MAR IRk Paket rebbiR e £ FBSALPT OCESS
generally takes nore tinme then a read or wite process. Wen this erase

pr ocesH} i sUBBrdesined bus, Rechctbait date is evrittenttd fpd eead Heonhesid atgeast e flask new
status packet is r&algy to transmit. The controller then transmts an "erase

st at us” plélgﬁlgfy oy

, as shown in Figure 14. Erase status packet 124

contains the addyasslcefrichin@tefic@fcd $6fhdeths td RidOBB dbohfdctbrbdd fort A& Gy

providing the host platformwith a reference to the erase requests. The
st at us accesidipardets droph paith USPecompestar asarplweaditycefmbdctricadisiggals;pr ovi ded in a

oratus 11 128 ot oo R PR RS MR B SR IR  ,
S)gﬁ a ; Piy fz\(/)\soaz@plﬁareuﬁﬁoﬁaeaﬁ&al NalsIE 1oghC AR kaiti ISP ERAAD bein P YEREY R said
at least one flash memory module;
(f) 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;
20 (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 packet and

for determining a command according to said at least one packet, said command being

25  passed to said USB controller.

2. The flash memory device of claim 1, further comprising:
(i) an address resolver module for receiving said at least one packet and for
resolving an address contained in said at least one packet, said address being sent to said

30 USB controller, such that said command is performed according to said address.



16 CLAIVM5 1. A USB flash nenory device for connecting to a USB-defined bus,
the flash nenory device conprising: 5 (a) at |east one flash nenory nodul e
for storing data; (b) a USB connector for connecting to the JUSBuaEikd bus
and for sending packets on, and for recgeiving packets from the

USB- defined bus; (c) a USB controller for controlling said at |east one
flash menory nodule and for controlling said USB connector according to at
| east one packeth¢ Hady memonydsirice lé claimg 2Usrdiafseifeepninand is aotrite Rammaad a i s

witten togand..r fromsaid at | t one flash__pemry.nmpdul e; .(d) an

el ectrical fo?r‘f% g%”%a&taa_ oF ldcag%eﬁgcaﬂnleﬁgagﬁ@egﬁ%mﬁgaeeg%ﬁ%@t%‘?re%f‘nla_a]ﬁ%glé ecei ving
sai d packeiddrédsanr willifly $ARBAA8HIEE HRE sAS addrBdsUEsdver Ynddlleae @Sl dsisarll logicanal s;
(e) a logical interface for connecting to said electrical interface and for

transl| at i ngddrass te aipliysital pédressyof gpidet eastrang dlasksingmarsmpeduleogi ¢ signal s, said
| ogi ¢ signals being passed to said at |east one flash nenory nodule; (f) a
functional interface for receiving said logic signals such that if said

| ogic signal s TROASHENEMEryWRRick UREhiR RaWhReRmieald cordhshdf iy A¢édduRalmanat er f ace
sends a USB command to said USB controller according to said USB

f unct i onal fqyaesdeng dapofrog)saigat gapl ensdiash mepmek sodubetand seidaddugss iserogicali ng to

T oo ot ! . "4 Logic st anal e
ol i cati onremieae 300 gr oo T iy iRk G o Rl BB Psienl
logi ¢ si gngddressand phibica BdBBR! Ifeali0 RaGQUHEHRSh MR HPhelee. for receiving

said at | east one packet and for determ ning a command according to said
at | eatt one packet, said command being 25 passed to said USB controller.

2. The flash menpr evice of claim1, further c rising: .(i) an.address
Fesol ver  myaul eTPbHaatanop 6 P onetdhe Bhe G atisy bt form ity g
an address cont gj pagtaihBndiédl ©r ﬁérfdrﬁﬁﬁ% arPEPorRBEK Bn arRPeHreBHSH RRSind firigids ent
to said 30 USB controller, such that said command is perfornmed according

to sai d adalrleass onsflghmemyryagsilel7 3. The flash nmenory device of claim 2,
wherein said conmand is a wite comuand

15 6. The flash memory device of any one of the preceding claims, further comprising;
(k) a status 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.

20 7. The flash memory device of any one of the preceding claims, further comprising:
(1) a MTD (memory technology driver) for receiving a write command and
physical address of said at least one flash memory module, and for performing said write

command to said physical address.
25 8. The flash memory device of any one of the preceding claims, wherein the device
emulates a hard-disk in acting as a non-volatile storage device interfacing with said USB-

defined bus.

9. The flash memory device of any one of the preceding claims, wherein the device

30 receives commands from said host using a standard protocol.

10.  The flash memory device of any one of claims 1-8, wherein the device receives



for witing data to said at |east one flash nmenory nodul e and sai d address
is alogical address for witing said data, such that said address

resol ver modul e resol ves said | ogical address to a physical’® RawEZ80bf
said at |east one flash menory nodule. 5 4. The flash nmenory device of
claim?2, wherein said command is a read command for reading data from said
at |l east one flash nmenmory nodul e and said address is a |l ogical address for
readi ng sa?%n‘aé@ch‘,ff%éﬁdﬁﬁ%&us@&acpraﬂéert@é@r?@%{ ver nmodul e resol ves said

| ogical address to a physical address of said at |east one flash nenory
nodul e. 10 5. The flash nenory device of any one of the preceding clains,
further cobfri sThgflash(hmgmerydiave bt aie dfalc precddnigdlnignsawherelnohe dedieet i on
and correction routine for said at_ |east one flash nenory nodule. 15 6.
The flash #iheyadaairically gitadiyblelletachble pan-yeletieioraeecdexiass, furt her
conprisyng: (k) a status handler for receiving said USB functional packet
fromsaid functional interface, and for sending a status packet concerning
a status of2.sai TheflashaaghogiRevick ashiny drerotie prackdig dsied! dhagird Qidailehst/SB
functional packet. 20 7. The flash nenory device of any one of the

precedi ng enesflask memgry pradulesippririspngplurglity obflagnmepemysrsdulaschnol ogy dri ver)
for receiving a wite command and physi cal address of said at | east one
flash nenory nodul e, and for performng said wite conmand to said

physi cal atdlr esa.dedfe 8ecoldifg td Aain 1B WHercid W E&RiRfiindidesab Bagfc4Miat F ecedi ng
clainms, wherein the device enmulates a hard-disk in acting as a

non- volGt i fleshspeperye device interfacing with said USB- defined bus. 9. The
flash nenory device of any one of the preceding clains, wherein the device
30 receives commands from said host using a standard protocol. 10. The
fllash menmor4, devheRashim@nyry@eeice bf ahypéderof thprevdiiiLilfinishwhelei e deheei ves 5
January 2004 18 commands from said host using a proprietary protocol. 11.
The flash wekbry USBAngpodts. any one of the preceding clains, wherein the
device acts as a dynamically attachabl e/ detachabl e non-volatile storage
device. 5

15 15.  The flash memory device of any one of the preceding claims, wherein the device

uses a software management system to manage said flash memory as a flash disk.

16.  The flash memory device of any one of the preceding claims, wherein said USB
controller further comprises said application packet extractor and said application

20  command interpreter and is implemented as a single integrated circuit.

17.  The flash memory device of any one of the preceding claims, wherein said USB
controller negotiates with said at least one flash memory module to determine a size and
manufacturing type thereof.
25
18. A USB flash memory device for connecting to a USB-defined bus, the flash
memory device comprising:
(a) at least one flash memory module for storing data;
(b) a USB connector for connecting to the USB-defined bus and for sending
30  packets on, and for receiving packets from, the USB-defined bus;
(c) a USB 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



12. The flash nenory device of any one of the preceding clains, wherein
said at |least one flash nenory nodul e conprises a plurality of flash
menmory nodul es. 13. A device according to claim 12, wherein Xlsuag200é

i ncludes at |east 64Moit of 10 flash ry. 14. The flash nenory device
of any one of the preceding clains, wherein the device uses two USB
endpoi nts. 15 15. The flash menory device of any one of the preceding

cl ai ms, whbBBrdefinaé busvuahethat dogasisvrittshtioand raed dge seidh at lsgst paarflesh nanage
sai d flash msm)rl%ﬁ a flash disk. 16. The flash nenory device of any one
of the pret&RG™E 'il’ms wherein said USB controller further conprises

said applicati om)@%J@.@ﬁana&f@&émpeeme$@bﬂr&pﬂh¢m~a&m@ﬂr thrk
interpreter and is inplemented as a single integrated'circuit. 17. The

fl ash menopacketeveasevedfviasayd emmedbr;t he precedi ng clai ns, wherein said USB
control]er negoéel)at es W one flash nodul e to

det ernithe a si z&’ 2588 &Ftﬁ@tr%?rl CFPG“&VBEO %%P@BFald E%IW-EWXSA USB fl ash menory
device for conngghi AdhrER r@SOH’%BUH&EﬁM rBdébve 4 t&glcﬁi ARifess TREBRKIdEH &5

conprising: (a) at |east one flash nenory e for storing data; (b) a
USB connecccanmandm@mphxsmqahgddrcsStfbaecaUSBl-gdaﬂsmédomdmldf or sending 30

packets on, and receiv ackets fr t he B-defined bus; ) a USB
control ler for ﬁt“?%?‘?riyﬁ Ihg‘gllogy PV RS lgﬁg)?qnggﬁql{g ﬁlﬁamrﬁeagﬁén for
control |i nﬁsﬁﬁsgt%g&ﬂﬂ%&or according to at |east one packet received
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comands;  £dg) %Sggﬁ{rﬁﬁofﬁgﬂm%oﬁgﬁgﬁléye to resolve a | ogical address
associ at ed vm h sa command 1 nto“a physical address for carrying out said

command; and (g) a nenory technol ogy driver operative to control said flash
menory neaps in . . . . .
y S(? A device according to claim 19, wherein said flash memory module comprises at

15  least 64Mbit.

21. A device according to any one of claims 18 to 20, wherein said device uses a

software management system to manage said flash memory as a flash disk.

20 22, A USB flash memory device for connecting to a USB-defined bus, the flash
memory device comprising:
(a) at least one flash memory module;
(b) a USB connector adapted for connection to the USB-defined bus and adapted
for sending and receiving packets via the USB-defined bus; and
25 {(c) a USB controller for controlling said at least one flash memory module and
for communicating on said USB connector, the USB controller comprising:
(1) a functional interface adapted to receive a packet, such that if said
packet is a USB functional packet, said functional interface acts on said packet;
(ii) an application packet extractor serially connected after said functional
30  interface and adapted to receive an application packet, said application packet extractor
extracting at least a command from said packet; and

(ii1) an application command interpreter adapted to receive said command



response to said conmands. 10 19. A device according to claim 18, wherein
said at | east one flash nenory nodule conprises a plurality of flash
menory nodul es. 20. A device according to claim 19, wherein BTy

menory nodul e conprises at 15 |east 64jpit. 21. A device according to any
one of clains 18 to 20, wherein said device uses a software managenent
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interface and adapted to receive an application packet, said application
packet extPRuidsd asa@hitacting at | east a conmand from said packet; and (iii)
an application command interpreter adapted to receive said conmand 5
January 2004 20 and to carry out said command, such that data is witten to
and read fzem f Aakhicersmiding twshil & ths prebedifBt]ainkhe whbici @idl@dicss adlash as a
dynam cal |y attachabl e/ detachabl e non- vol atile storage device for a host
pIatflo1h king said USB-defined bus. 5 23. A device according to any of
the preceding clains, wherein said device is provided as a unit. 24. A
devi ce according to any of the preceding clains, wherein said device is a
flash 10 di sk.



