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ARCHI TECTURE FOR A UNI VERSAL SERI AL BUS- BASED PC
FLASH DI SK Fi el d and Background of the Invention-
5The present invention is related to sem conduct or
menory devices; and in particular to erasable and
progr ammabl e nonvol atil e nenory nodul es which are
connected to a host platformusing the USB PC Bus.

Er asabl e and progranmmabl e non-vol atil e nenory

nodul es, hereinafter referred to as flash nenory or
flash devices, are known in the art for storage of 10
information. Flash devices imnclude electrically

e e SERS

transi stors and are n@OWIASH bEKMenories simlar in
functionality and performnce to EPROM nenories, wth
an additional functionality that allows an

| el bidCBrckgro fthe fimedtion, operation to erase'pages of

t he an i Ienentat on_of .,such
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MBANGE LCasSHRh Ao g&f 5K Rash VRYL bre Uldwdl if lRSLt B8 \lCe of

it s not practic to revvrlteaprewously witten

arlopnasiontIHesh deviersynchelegiecmonlty ensphle erddiragrapugide @rubgléy

%erﬁ&]ﬁs EROME! Badel §8 fALIRR. Abardhb 350 1HAENLGE S BHS LR
themto be_inconpatible with typical existin

9Pl PHEOTES SN B G SRRy S e Ao BN @nemorics,
Wit mdklenaaﬂmam&ah@fmmmrsm% tijult, Isrhgmﬁﬂnaﬂa of@xtioti &

in mhich ta has previo bee itten, unless, the
Pt 9 PR s B SRRB oY st A L hay B
ssigikernm W.Rakataht ol ﬁ%%ésnnbd:rﬁuataat)enferm asHif 40¥: sét3brth
fhl Ieed on March 5, 1993, 25which is incorporated as if
fquy set forth herein, is required to manage these
f unct Flestedegicestiaee the adhntagers byingleslatively inexpensive and requiring
gtmgi thidde potn’\%ﬁ%ecorn:pg&?toat ﬁn.l*?xai qr%ﬁ&g’eg,@agagg@sgr $EEORH in
at Ragle ﬁ@@ces tt &t 1 @racycat ¢ qewgter?o@rtmwsb't Wigtemareg of ety
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Conput er. Menory Card International 30 Association]
ﬂi‘ﬁ"éi""f %éw%fe‘ﬂe P B@irehtiting ARCHRG SY YL NBERRE sinct data
icaglot gé wneh fof drCatbd ¥f @EmstS aviafdhbifBkh 9%k .in AhitArdeta has

usef ul enment ati on_woul d. ftol I ow&he B st andard,
é’ée"lfé‘?érﬁ%g%&“ ﬁl unless the area 15 first erase software management
system, such as that disclosed in U.S. Patent No. 5,404,485, filed on Mareh 5, 1993,

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

Currently, t'hes-e-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
Assaciation] interface. Both implementations have drawbacks, including difficulty of
use and high cost.

A more useful implementation would follow the USB standard, as described in



10

15

20

25

30

2 the USB Specification Version 1.1 which is
incorporated as if fully set forth herein. The USB
standard offers a snmaller formfactor and greater
ease of use for the end user, while |owering the cost
of the inplenmentation. This standard is specified to
be an industry-w de standard pronoted by conpani es
such as Conpaq Conputer 5 Corporation, Mcrosoft |,
IBMand Intel to serve as an extension to the PC
architecture with a focus on Conputer Tel ephony
Integration (CTl), the conséner, and productivity
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manner in which data moves in the system over the USB between data producers and

data consurmers. A schedule determines access to the interconmection, which is
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initiates all data transfers. Al bus transactions
i nvol ve the transm ssion of up to three 5 packets.
Each transacti on begi ns when the host controller, on
a schedul ed basis, sends a USD packet describing the
type and direction of transaction, the USB device
address, and endpoi nt nunber. This packet is referred
to as the "token packet." The USB device, to which
the packet is addressed, selects itself by decoding
the appropriate address figlds. In a given

% tlog(w?ata is transferred either fromthe 10
HO&t™ Siicalf FOrIH RS engblgtiirtoneys data saysircie e ewportsd vk
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?lrectlonallty and buffer sizes 20
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g gepopdpeith 4 adaeteaaibite ﬁ&e&ﬁlg bhRhR%he BhiBYeS €X1 ST S
é?;n‘% 3 device is powered, in order. to provide access -
the confi guration, status, and control information

f o r fTheUs® ditg gansfer model Ba@céﬁm&a@&id@esnﬁ&hﬁdﬂ kR nb@T
o 1@1§rse‘;r w contraql_for some
ﬁlQﬁ)nyg‘tl,ld?’a %L@Bﬂﬁ 9 ? ﬁg/ 1 tOla%% ayipe tﬂ}egﬂ 3,5‘}‘@'9 el

stream pi pe
RipE pEEImDRNS qusaﬁhlsﬁhalbdﬁfti @sso PSBebfiedi |sem&e , UWhil e R8s e

EAMRIOEY R it e, t ttle the
data rate, aHBS e YRAK E gf‘s(ﬂ%kt bangw ranméséctrf%ﬂc
YRSt 3y éﬂdﬂﬂﬁé?i‘aﬁ’ﬁ@“%ﬂcﬁtkq @reqmawtjaw@ufﬁmef Mt pﬁ;ﬁ:ﬁ]tdn&l

115166*]&5}105%&191 IﬂSE Sevidags &Qﬂ Bkl ﬁ&sg pe, | S t?efa%lt
dul eﬁv whi ¢ch acconmpdat e concurr servicing of a

Cﬂ‘éff EP‘B‘@& SHURISH Secot dvice dpervsicpds ordqie Brovide kacesp foghe

celtf'fgﬁﬁmsrplstﬁteﬁ aﬁ(ﬁtfbnb&l isRfie 8 br tle adliff erent intervals
i ffer ent 30si zes. The USB

ets
st a%{:\r g acus?n& Pif a dre YBestandprd gerppip fow poree! fof some
stracigegies. Atittetatitharedestel Iﬁﬁ:ﬂprﬁﬁzﬁfé @ﬁtﬁlnoﬂi@ﬁ fhieRGkRls and

glﬁempackets @/n each type of 4
DREDRlEn B L. (BT SEED B
“Bﬁm@wa mhdarake fa tQusactioh lshmm wiieh 19 GiR IlsaafvyuanéEme
180 %&Jn@?ﬁlmﬂ%\ﬁr& Serm:fs the construction of flexible schedules which
accommodate concurrent servicing of a heterogeneous mix of stream pipes. Thus,
muitiple stream pipés can be serviced at different intervals with packets of different
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



A token packet 10, as shown in background art Figure
1, features a PID (packet identification) field 12,
speci fying one of three packet types: IN, OUT, or 5
SETUP. If PD field 12 specifies the IN packet type,
the data transaction is defined froma function to
the host platform |If PDfield 12 specifies the QUT
or SETUP packet type, the data transaction is defined
fromthe host platformto a function. An ADDR
field 14 specifies the address, while an ENDP field
16 specifies the endp0|nt fo# token packet 10 For
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pankied typé tCRER tfahfbithn 181 EAGE Al o h&@p&lﬁo%liéyf&afoﬁf
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a Iﬂﬂﬁeﬁaﬁtwm an wiick BiiD fest 120pedifiep ticwtokai patkegiodaidiN @ a
C%ef ABDR ﬁ%ﬁ 1k Qha EIQBP "ﬁlﬂ:lﬁ '1@ gnlé"ﬂeg)kl%en%& dl’ii tinﬁlrw_mnt straéxsxglt a

preV|oust escrib
s Hefgackety é&%%&%lsa@pwwsﬂ@ Ch@h@tsrh&kéctpramk@ th@&;ken

Wbtcﬁcbt foeas &%@&c&%dﬁx@oﬁ%&&u&@@% hdsfj c%tsg;ug rlef:n

k i$ H F hake ackets 28 are to report
t H%C £ At qechdiat 5’1‘8%\? &l‘%lé'r%%‘iq ceﬁtr%ﬁtir:r é‘aﬁmrsgplmpfrihe
vaﬂm&mauﬂdhpakumg successful reception of data,
connaqg ceep ection, flow control, and

ce o
hal t cont |t|0%§° @aq?%W?&cﬁVﬁhy?yﬁéguﬁﬁﬂﬁﬁp§ﬁﬁﬁﬁrt
f alowfeatomt 2 BID @mkewleenuﬁmb@mkt& PG K@l IeAGe of data
t are a returned in the
gshaE‘ g@g a% o %Sé‘ﬁ%%i%?ﬁ for ontignaly Batipe drirand
i h@R@aﬁ‘}ld@ﬁ f@ra:pataqmg I&etcseczﬁnm asrprévﬁtaslgl dtsaiiphase of a
30tra ree d| rent
rBSa dug@aﬁ ure 3 dsI ssaebac ound 8{5 gﬁlg% lgﬁ%g %ﬁ 2g

packets are exc nge uring Rar
t Vhipls &etuice ool PE (Paske! 1am§c=amns&lmnwshane SehaymBtdrc

biseg rgﬂoﬁgﬁ@s@t&fof b Gﬁa tré'lsactlon 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 retumed, instead of data packets 20, in the data phase of
transaction.

These three different types of packets are exchanged during various phases of

the transaction which includes a USB device. A schematic block diagram ofthe
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functional blocks in a typical USB device 32 is shown
in Figure 4 for an abstract background art USB
device. USB device 32 typically includes a USB

el ectrical interface 34, featuring a cable and a
connector, which is a physical interface for
receiving and transmtting electrical signals which
are conpatible with the USB 5 specification as
previously described. The signals are then passed to
a logical interface 36, which includes one or nore
buffers, the device address® decoder for decodlng t he
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A4 deRbANRAkaLon for the flash device. As nentioned
previously, such an architecture would be

par t Hefprtypatsly. ne shqiarchisectige enintbler 2 Sdshneamoniyice
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%he end user. There is thus need
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systamygidiwhech follows the USB specification, such that the flash memory device
could sit ona USB-defined bus and communicate with the host platform through this
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FIG 3 is a schematic bl ock diagramof a background

art USB handshake data packet structure; 10FIG 4 is

a schematic bl ock di agram of an exenpl ary background

art USB devi ce; FIG 5 is a schematic bl ock

di agram of a systemw th a flash USB device

functionality according to the present invention;

FIG 6 is a schematic bl ock diagram of the USB Fl ash

di sk; 15FIG 7 is a schematic bl ock diagramof a

flash identification request packet; FIG 8 is a

schemati ¢ bl ock diagramof a flash identification

bst atus packet; FIG 9 is a schematic bl ock diagram of

A>flash wite request packet; FIG 10 is a schematic

bl ock di agramof a flash wite status packet; FIG 11

és. scrlema ¢ bI gck diagram of a flash read request

a schematic bl ock diagramof a

f | asHIG: & éxch sShematis bpacKirim bl dGacklBuh SarflUSS RRBBIdiet

Ellr%gg di agram of a flash erase request packet; and
'14 is a schematic bl ock di agram of a flash erase

st at ¥§- paaisettemaBobinel diapnim dthdadkproand iroSB & fieket

shicgRent invention is of a flash nmenory device,

cont ai ning one or nore flash nodul es, in which the

f | asdiGneiresghemstinklpikatipatao dffa backgidnelsst Shbadofikeatata

phRbtG@ing control ler which has a USB-defined

electrical interface and a USB-defined | ogical

i nt Pt sefiaticprkdistamyof ASpEpherbaieatubéart USB red a

devgentrol | er’ ) supports the USB functionality -

acc B standard, thereby supporting
enu%@ga{’gﬁﬁ WQ%d%rﬂgéEBﬁ?m"é@ h UgB detégea

fung®aity seording td tha peensisidio@ver USB pipes to and from
USB 0 ontrol | er also supports the
functi (cj)aga Ftl’ﬁm%lthgﬁ%cgﬁlaig‘&’inoéfhemé Habdinenory devi ce,
as b7 ias sdhbeatpridek gspmag o6f 1o mma&nﬁaﬁﬁit adRacket s
fromydg ek, oIhe t.controller uses
e bt QRSB 8F 0o B Rt b il o

one of severa pOSSI OCO
FIG. 9 is a schematic block dlagram of a flash wnte 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;
¥IG. 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

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 logicat
interface. This controller/ASIC (hereinafter termed a “controller”) supports the USB
functionality according to the USB standard, thereby supporting enuineration onto the
USB bus, as well as data rgcepﬁon 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
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i nclud ng ¢
cgtemt@e@’(l‘amjm{gah Bh@Eing OFERMt Atk QNRDS, §BNIRES, 05At RANY

or proprietary, to signal the next conmand to be
perfornmed to the USB flash controller. Thus, the
entire device acts as a dynamcally
attachabl e/ det achabl e nonvol atil e storage device for
the host platform 5According to the present
invention, there is provided a USB fl ash nenory
device for connecting to a USB-defined bus, the flash
menory device conprising: (a) at |east one flash
menory nodul e for storing data (b) a USB connector
for connecting to the USB- defined bus and for sendi ng
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ved fromthe USB-defined bus,

gogﬁetsfcﬁ%%d (f% OrmeEOSF l?tgﬁmt o and read fromthe at

| eastAcemding o a@iprmﬂmwyntnmdhére is provided OB ifadfhidory t he

deolb%: not limted to

pers Gor CHRBUEHD o UEDE R e 0 Bty 1 Pt Bt e
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pﬁ efsiome B Balelinedfbus gpd QCM U&Trl egljasiﬂ@ﬁs‘fmtaﬂmg&elat con
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Iof t he N X .0 at| n% system such

SURRPETRI SV fFombe o By stinatdrrpuch ﬁhaawa igwitien t Awsian
rana&omwmdt&b&ten@mhaiemﬁgrﬁdaﬁteem i ncl udi ng operating

syst W. ndows ,CETM 20 for enbedded systens,
n ﬁ“@ma%ér IE\P}%ﬁfnar‘"’(’ln@\‘térp AEsiges, by éf'ﬁ’&hlé‘P‘éedé%l?ﬁ‘é‘t‘%l i onal

LmuerYI compyt ati gnal device which can be connected to
WOrR™ ™ FETRIFEPRPueE fryed ANATNPR dothe Taratipic| udes
sytein; bsd geagphichil wirksetiohsuy d%@@%x%gu-@ﬁ ot %%S}é&%@

IS an integer such as "I", Wndows

SW%%’(X‘B‘@%‘ VA R GoP s lﬁ’ﬁﬂaﬁﬁneammw@ﬁlamwi@nens
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nmenor IS
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' a’%’ﬂ#‘ﬁ%‘“’g‘ﬁ%fé’n@f degigespmyl@ngethes POIBP‘@@mlai d¢\11®rwlwlh icehbehas

co&néd&@‘t(ﬁﬂﬁdt\{?&ﬂ BbeRifd SR telllrp‘t\?l§1§ S %%F‘&‘% WeRmgef i ned
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lipigadrie o indowsQ§iY, Mbindasys' 3)x“§mpgmm it einldSB sﬁahmst‘i ‘onal ity

Wa6A HrBgwsfioh RAnLSRBLANIAN o N\BLERY RHEROMLED

enuneration onto
OHe@%}Wt@nSWMmmSaﬂ@m@sat@}%mgtdﬂSES@] pes to and from
USB endpoints. This controller also supports the
functl onallty and control of the flash nmenory dev, as
Dgscoption ofthgdweriiong of conmmand and data packets

Fr omy heschaslendant 50! fiaaq me g}gdmt coﬁa{ﬁg%%hé s

f several possible protocols ard 5

one
flagh mﬁ‘?% rip ahigh (he flagh WerpeTais mappcdie e adtvsmemace qf@n BEIC
or pesH@NERhidhGad MOSKISE el 88 0CH H&eﬁ?&el aRd 2 UIRYShinel Iﬂ')%lcal
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to various nodifications and ¢an
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i mpl ement ed using many alternative forms, the
enbodi nent is shown by way of 10 exanple in the

drawi ngs and will be described in details in the
foll owi ng pages. It should be understood that one of
ordinary skill in the art appreciates that the

present invention could be inplenmented in various

ot her ways. The intention is to cover al

nodi fications and alternatives falling within the
spirit of the current invention. The principles and
operation of a USB flash defi ce and system accordi ng

t QSbdsNe Wi asent r&eﬁﬁ&%ﬂ %SHFSXIOQ gvér) ekhef g gey{&%% 85,0948

with refer ence to t draw n conpanyi ng
d 8ROt iThin contpligralsp sppperidhes i senqlwam@éofmﬂmngs

alGen@iy @, sWeltiak ihd §£&@§1hg@fc@hmeﬂoﬁ§ﬁ 4R L%k&@ AR nBQt
neant .to errin now to the raw ngs,

Frcﬁ‘ﬁﬁ"é‘efsTF?"é‘ °§E‘iﬁ‘é§b‘tsre§:°“6 obRekerafipagsToirATRpeoisheithesiandard
C @Rpoedtirg (@figmal fhk s csRbTiYo BB A RAnSY S @lh
acg r% to,th JJJesent 20 invention. A flash nenory
o SERIle Bl eRCeTRR B oy e sbleRgRbo Ao
plvalatile stnadeldevipe fatlesiolpBiibinash devi ce 46 as a
non-v latform44 is
connect e(%lé thigm?}é% Suﬁ%&%é&t%‘émﬂgs ‘3@@%%‘? ‘I‘iﬁ‘“f"ﬁe
p rrerﬁen@tqdnmemmﬂmmltehmgm thiSimiedinicat 14&owhkb$ t;vay of
p i - t abl 8 .th

R R ANRGES SR ot R AP b e Rl 1

host COﬂﬂECtO evi
t ghouiipbe apdsrsiood hat gnetaff P@wgh' SﬁllILEQefﬂT apectiey iteethe present
C ORBRGH BbuiPre imbRakned A t
control | eur 54f Fgr Iéto nt ‘rvgx%u?hééra %@%ﬁ%&nﬁon@ﬁ JE%%EI
t PdiSrations ad aliqmpativesgalfpgwithin the spityg)f thefcimeshindeniive e 46

f eat Ures pandifi® ahli 3sdhatid ¥ LEsI® A% 10 ide8hd %@teﬁn@%cordmg to
ntroIIrn the o{"h r conponents of USB flash device

© RIS VAP URA P e R e rshce st Apsyipgs and the
dwomﬁnﬁaﬁg ﬂ@cxidmen USkigusderdtold thdt BSR deONeS BreGRRARET OF

Sglugﬁqv%gl %% "g’g ajﬂ(emnatsh 30? gegm nodul e 58. Fl ash

nenor ref ‘ray of flash
menor )REMI ney G e ﬁnwms,rfhgme dathamiti: tdch dagam of the

Vg eyrﬁronmffa'mhm ﬁ&c%ggg Sy (Plﬂg&eﬁ}e%gesén?

host platform 44, st an :
pruEtes A ﬁréesneproacsefstem 12 itigludespriog etdolnost asphetst Bpom 44

GONforIUH 85k ASh adakiag s, ANl B IRAROf oh

communj cation with USB fl ash devi ce
t her e HRpt@latiamy 44 cowpdst o MSBrbelsdevise 4cesndriliga td thepreses
1h&;iihorﬁtﬁx\6hglﬁa U6 cfup4st Irestmmﬁ @5 checki@ikBYadyy and

imting, the 5 present

V\h'i? 7 % ”Fé?&gr%rﬁmﬂﬁ U&Péﬁ'ﬁ@“kﬁ@‘t‘%ﬂ“@@l%%ﬁﬁ%
mgamghtaama &k Beded cBrusbibedd. MRstpiRloat iPfiudd . UBB UGS
Ot B bl B i Syt o USH st oh the USB b, 9"
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
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
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one endpoint. Host platform 44 queries USB flash
devi ce 46 through the other endpoint for status
changes, and receives related packets if any such
packets are waiting to be received. 10Host platform
44 requests services fromUSB flash device 46 by
sendi ng request packets to USB host controller 54.
USB host controller 54 transmts packets on USI3
cabl e 48. These requests are received by USB fl ash
device controller 56 when UYS13 flash device 46 is the
devi ce on the endpoint of the request. USB fl ash
deanidgrd USBrinnioérhiion po@edsitkes ek {10 HiSpry@sd W12 4 | Ons
or .erasing .data 15 from or

A
B OB vty bl RS R b e b UBA B s
fdswice #@Adthough tmm mgnydiffirae mmm:abn@gma@ USB flash

h.devi ce contr
om0 1 epo IR AD Bl oSGt e ke Pl e o
| Argsent Gy ention dorrplabied intacatyoden] tofowf \hasdagmnnmyeﬂmd in
geste it }%&ﬁ;\atéﬁm mﬂgmé\&o?&mgﬁ‘sf 24 gé?, gﬁ$ %ﬁ§ NRLicSdanal
such as chi p enabl e, rea e SI gnal s or
SRGFspaint. HP%@HWH@?M qrengsd1HBdlagh dEBe 46 Graieh dleotmn ect ed
tefdpoBfof Gtaluk b SNl 68616 ML) a@ﬁeté@a:t}%u& ackets

addr ess/ data bus 62. Address/data bus 62 trans ers
BB P her forming read, wite or erase commands

o n f | FiGd0 p TSR 44 re@dué s%&)cs B&n 138 148l devRS 4é tsﬁsendl

ues agsi { Qﬂqﬂ;’l} 1 t hese commands as defi ne

nBHOFHet "S‘ka“‘f‘? GeH- Héﬁm coRSliere( spmsoss pqchets

gn I:HéB chide 48)FBest he&;ﬁ&ésd&:\kb&ﬁfeéﬁy U?B nedu Jewcg&g{mm} adpm

nd 25 st af us ere

Rl il 58 ) e RS- B2 R SR0R atferbimeiral S e

grniro e S8 Ghep perfosmms vagiost iatemsoxpawdhek s:adisg Rt 6r crBing Hits
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B o i el D oD B B IS8 i s i

fevics Kngsiticn amfbcqnézwws WSH fiash darme@mptto}de:pﬁﬁmmztolﬂ ffastno

tI’I&) B C £}
m‘f‘@n gﬁ’@“@e‘?ﬁ‘?ﬁfeﬁ’%ﬁ%ﬁﬁ&g" R ooy

L2l o Breugh vaiions her siealy et Birshaldt ppiaerdrand
wﬁte qug&lf foas:hnﬁie:v IFCEh ABmér§ n&h@!@ Sghrd i1 UoBnebred HPRBR

| nc physi cal and el ectri cal
1 30 S R Tt R 521 MG SRS as
maﬁﬁﬂbmmmlﬁgéreﬁ?mm@dr@fas&&nnﬂa@ds (ﬂxrftislams«ﬂ&pz RGEM(s)
n USE S evi ce co 52 receives
LIRS Frollore s Rant TRy P ERSRlS et R
m@nﬂfap@l@reﬁ@shmematy midgle@) 38.f r om host control l er (not
sho rdek t h d through >
co n\r,g%:? g }qﬁﬁfﬁg?%ﬂ ﬁtl:vgcz?%% E} notlglnhcp ;ﬁatg)ge 8?1 8n ngreﬂétgmd
sfafug fer differend pparatignomquelied byIBsdddtions d4,MIER el odme hat
Rasket .fl,ash,. devi.ce
Con ngcS tiSd 8% Q%Hr%(?l 6 ?;12%%@ s eg%h? @c el VRN I s oo Eﬂ“é‘f s
bos phfgrn 44 sheskst(pqlist for wa@semd@mom BHB flasthiegine Mﬂetams
aRuFah BBsty PRxEd iEAd pRRel hORWGa]
) unct i oﬁgF [ ntler %ce 6% I'S sé“éé’ﬂ%&% I efr%g% (gned to
IRV rigRBthe 5‘3%‘?(%%‘%‘3‘ dsclidef i ned in the USB

s peCAfmcﬁ@adtﬂl@d AR RS RSN AU Yontl SR GHd MB"Ha&lﬂi (z‘é‘cg ar d
hese token packets to are rel at ed G

1.
g%‘?‘f prdiiguss o nkcasih feyice 46 peludes tasf phgsip! fﬂllcbf&kﬁtlﬁéw c e

lm&fa\ﬂhﬁdﬂﬁuﬂfoem{e QP stRrd, Qo 1RSSBS BRCAN e caRE il %
not have any relation to particular application o
USE fl ash device 46 as a flash disk according to the
present invention. These token packets and their
respective returned data packets enabl e USB host
controller 54 (not shown) and host platform 44 (not
shown) to identify USB flash device 46 and al |l ocate
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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 USE bus.
USE fl ash device 46 al so features an application
packet extractor 70 which extracts the application
data and commands fromthe USE application packets,
such 20 that application packet extractor 70 supports
only application rel ated pagkets. Next, any requests
to USE fl ash device 46 by host platforn144 (not
Sommeelor inpeefagefAmUSB flagtndviopegnmestori5g enstivésythekaitrical

ers ey mmmdm £ Ohibd84RE

c %1; inte reet er 72. ,?g r 1‘3%12&1 gg%lrrrraaﬁqir? g%m%g&%&?& (ot
zﬂ"ﬁ 21 hgsgisH F afﬁrﬁheams@s@mu@u@nma@r interfekce 6 e and

e ﬁﬂﬁﬁc@ﬂj’ﬂm framaR caeidd 85he USBALNRJ BRI S chlefpackets could

t e address from 25 the | ogical address
s{;%\sg'é“ gﬁ?ﬁ{és §‘§F€§ address space. Host platform 44

( not shonmt)or mlrmes@: m@ recelveiBae pmistﬁ Bfche® PARLinRitce
devi ce 46 cont ai ns

btk WD S55E b Bielap LR et 65 of Pl
nipigtfees $8 BQpecifzathy Mmgmm 10 E’Bclﬁl&StoBerﬂ:ﬁM&ts GallefReEnmeReISE

1 |s pre Wi f t
S A IV 51 S, B8 0
stivvked aplyl iqepticuten Fungitianlespots PEUSB Bish 3&;@5%&1@& USB
f d
@Sl Beik ©8B46md -FQ Gh& d(ﬁﬁog P&e%% %N? g?neto ]pamgﬁﬂ é’nﬁfcgtg’@ nt

such a transl ati on
|°ﬁ VeRtegyleviengs Wa%l! 'élsliﬁcchlsg: fot thpresentripleatinenTigsd token

q:fackaf& aﬁtduiéle&gpetﬁ@}&bakd & ﬂzalééﬂ;%aﬂléué’@ RSt LG sl Paot .
ent No. 4,485, previous

ar d
hp ﬂf*gf@am%yn A4 ot e denety (5P %ﬂshs@wc# 6w allocute
hevetes, fonMSH:ﬂlnsh eaadeas | ﬂﬁglémlsm L@ﬁus ! @zﬁlﬁtgﬁzﬂ‘b Qate@faf:é @%nly
sk_an ich is suita
B V88 e on B o o B B Gnd espbon oFidfe
¢6V1¢?&i6®hé®[$éllalsr el at ed aspects of any received

comeggls ; ng the data through functjonal
interf acgﬁgg%%%%?ragu% faf‘a%mn’é)ﬂﬁ?c itﬂ“g‘be r 70 which

EPTris Hglapificativa dpteahdsoaishands fikat the NEdebﬁrcathﬁl ﬁaa{efspsfuﬁ’ﬁ

@RYapBhdafién 2l
Ap et L P O i LG DR L ekt et

WSt @SB sk iricert b h@st Diatfea 44@@ Flata), i lhh fm of
waﬂe«rrlt@( idegi VBN Yse TRERRRL, %Qer &'y @%@lwz 8ntS and
t7as dur&oEg

j Ed or erase a parti cuI ar
i“F?@“’%f%f Pr 60f 234 APwands hich volye gty gr@n afrtyebe sachGE read,

Wb&tancpér%ﬁ:&ﬁxmﬂ‘g AhAGKS rfsBfve RbalLHs CRANIES !zdareg%één
§ﬁ=a%§\Y;' ce 46&aﬁd reads status packets from

FE 8P He Avsoa addres apage Heaotatfornn 4 (natshewn)
:tgbten ) ztlhlea?eddi'ésatsphﬁze pate&eatl SddrédSB, FhiRS3BARMA §8id86 CAN

SRR Rk 8 AR rPnELL S S rier oot i
g g plsica afdrets sgivewius, ﬁ%si%u@ﬁﬁ@ﬂlﬁp@nfoﬁd@@ b&tRAd the
18;%1%9&19@? %pg(t,e%% hgﬁ%i(a%m? 2{] gngtl sgomg and ;gixfymgarl] zeldd?‘é/sg Is;l)agcbclre
spaces of USB flash device 46. There are tany 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.



such as "success", "error" or "invalid address",

whi ch enabl es host platform 44 to determ ne the
result of the read command (not shown). Simlarly,
the erase status packet contains a status word

i ndicating the conpletion of the erase process. A
wite status packet is used by USB flash device 46 to
notify host platform 44 about the 20 result of the
wite conmand, for exanple whether the conmand was
successful or erroneous, and “whether USB flash device

46 interrt éhd%(ﬂearssaﬁeuxdujs@ m@brpu\me& Ey &.?&éﬁ%é&ﬁf Eﬁ}? 0 Po?tﬁ kﬁ:r n,

pl at, Menpry Technol ogy Drive
78 typ| L&ﬁ%ya Bhed Oﬁ’ga‘%’ﬂ%?ﬂé@ GO R, ﬂﬂﬁh‘ilil@ﬂéwdlch is
er agiiahlifor fpezation mithuireypradey inoentisnt r ol | ed by t he

control le e In addition, MID 78
opt i onalﬁ{/ a&%ﬁ 5 ‘}r@%’é‘mgda@ﬁ?l?t?q WBRCISOh 2P Beel eé cdugnands, and
f ecognivirigiig daheh:pﬁgmmcubnapﬁte%ccfds S Ihd RPN, %zfdkgg 58,
forg %Q} aclp l\g é}ﬁé\@ desi gned, so that the controller
can deter i nEetRrP 1o dlFio @ RcforEns geY ¢rona eestctigromd

. ntcereemm@wm WhpRoap@f Jomah@rméﬁra%z%&gmd@r%

arr d-ﬂd‘i’ i dentificatioh routine sh aqdffss

%}é ‘t"éL‘fpcfaFF Wit 2B andrlyin MegoraTechioldgly stver (MTD)
et wwdte\m@es prasparttbRONAsR oMLl Mo RQrei biRls o that
MR GNisges Within the array, and various features
of the flash array geonetry, such as interleaving and
bus wi did4st platfioe 44 ghakeiat stans dhadges in@BBMNLE RS U6 and reads

pl &htﬁ;@ A CQ erm ne the address_space
an si ge %ﬂﬁm gkfg%gﬁa%g; rfgg e apov glags p@éﬁ"é’i’ﬂabhowmg

Y SeEs pac[!thé\H%g?S? divire b p@ﬁaﬁl@ﬁit, b()/hdselﬁlﬁfcﬁiﬁm,; the results

d| stﬂlmaﬁc@mnﬁmmmeﬁb fosP Dior afl
sdeyi ce ing the abogeode gtg)rlﬁ%%g Breisas(no %8“'“) For

? ar CRIPE R reaT compgand Sli=43 P"@kff‘rPW@mue ofth¢ mﬂhﬂkystatus words
[ np!blewémccﬁﬁ Y “cxfit dtrc‘ﬂﬁfhlmrhdm&sc th'lc% ehzﬁ}i’és%gﬁ;;fa V¥I th

a ed or
nena/ﬁtt)ﬁ&g eh\%/ r%sg’u OSEH r%‘?(%‘t’FFE‘F (’Hb%‘f’wb)l ﬁ’ﬂffigflmlmr@aﬁatgs ve
a Btkehebaiaihs blsotk WdEMndléhtxhgl ihe Eélﬁfﬂ&wh Qf BChAse

appkis C storage medum e hard
Psgﬁ' $gérk|a\?gm§ H§§S ose ‘If’l’?gt‘fﬁ sy g@[f%‘l“y“%g‘éltﬂebed

20 | regult p’é@l@mterqgmm@mﬂ@t eld@fple WASHRNhE ¥aRAR W s@kcessful or
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Preeb@bh€ thaaRedl 18R h. L B‘t,1 Srgg@%radgventl on, the

itional 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 thie controlier operating MTD
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 shonld be activated upon inferacting.with a
particular {lash memory device array. In addition, an identification routine should be
able to detect the size of the amray of flash memory devices, including the number of
flash memory devices within the array, and various features of the flash artay

geometry, such as interleaving and bus width. This information Iater enables host

platform 44 platform to determine the address space and size of the storage media.
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10 operation of a host system connected to a USB
flash device according to the present invention is
described with regard to the processes of

i dentifying, progranm ng, reading and erasing the
flash device. For the purposes of illustration only
and without intending to be limting in any way, the
exenplary USB fl ash device has an array of two flash
menory nodul es, each of which is 64Miit in size. The
address translation 15 tableids within the flash
devi . | atform operates wth_|ogica
iy sorend M oI5 R P P s e e
f | @dpucey MID Bndflidheletiost platformare carried on USB

dat a pagk; e Lransferred t hrough USB dat a
pi pes. ?ﬁlgé El;(; aa%{}ggtgs: ﬁ%etdllf %éocg ang ﬁrgh%gtgf?egoﬁ plfﬁ}f‘aﬁ@'g“ &id

ti PPHRPEhaiepletestanyaplichtiputwhich ISBpEpenkile ok hyegulbhe
0P &eiiol vj ce. and syste _

"accor d Pﬁga@gd %Jl}g) E‘?@ég %]%ﬁ%gg{%ﬂfvéé%ﬂltc T :i)} n ‘?x}s{m%\lg’rqoﬁtlpfa% 44
WhEFP $¥fe da blosk derispiietistofephapplivaime sichds & magdatc
hosforagPhadiffRrd tHe’ diSB ab Qi§(;losg@ﬁqﬁe(qr%vgguﬂgag%ﬁ&% e

address. t he USB fl ash device on s, and
al ﬁerﬁi\g’rgﬁé"‘"fgésources as described in the USB

speci f i Al cRiinpid BEa pdSiBddl aSBaiflEH bE e ﬁ%e&iﬁhbégti@xﬁ 'ﬁtﬁ the
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i nfor mt PSR SPTETH RN SHUtesh device preaiding dathe prossat
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°p&%ﬁ&f&@¥m§%$ﬁ%&&g§£9£§r q$V|ce sp?%ds I f ﬁ%e U§§
host plattornthas al ready “arf GeRised! Husktipn ady prg without
ot qq@p‘_iiqgtpih@éi@iting in any Wiyetht/SBmphnt s gﬁg daliGehas an arra)tqof'
n t _ - ..an termnes the
R oy PadbEE ol B P b b B e T e peaton

Sl ze and nmanufacturin

15 o A% i the Bash Wavitoags thehhdstistforrh opadtésorittsib gitid hdi@ses.

h ANl idhghndiah Snd B QY s ibOFbecrAfe [ARslakion
tabl e ang,%Ological agdre?§53%§%g§ﬁ%f%£§eﬁﬁ€&- "ROst
c SRTIES P EPB g Recke s ced prsdranstmred fhaih HSBidete pipeh Shhostt

plsatidio of OF heRetblPhRa s nikdRBreded 8Pl ifl e &R spdd¥ation.
driver dentification request 13 command

i ssues an
to the HEE® gg‘f OfSH P BP i devieend pfiym 4eerrding torth presentt o

20 t femestintis asolleesn tWien et GImiiaR e P adltcoBRete $RAMhoLN

Fi tifi i on. pack 80 contains PID field
5 5 ofn, i WAIERL ConiPlc: SePEE FlrelRy HobS B dsvr o0 P
b &tSgrusand alae tssiEngrasopreds asldekeribddfih daUSBRpRAEKI. 89 USB

algs g j il i fyv" operation code in an .
oA IS Ry Bk 1 AB bl RS 8 et b n p R o
t M hogBlaform hoveupicef theeceionsss irdantdd Tinaf thoUSHalka disk

25 P _@%ﬁip%@y Qﬁlﬁgoﬁ Eﬁgéxf O%Q'é?];é)ggis i) é e ;glgtggi%&g%s zglrhesdy

30

“identify” command to t application
i AQsiisd ep@ces fopthadpiissse to the "identify" command,

t he flaghigeshesd QE&&%@&% WAt 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
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
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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

i nformati on about the size of the flash device in a
flash device size field 86, as well as information
about the size of the mniml erase unit for erasing
the flash nmenory in an erase unit size field 88.

Al'l of the packets described in this exanple are only
dat a packets which are sention the USB bus. Before
each data packet is sent, a USB token packet is 15

tﬁaﬁg’ﬁﬂw& UiEhisest epetrelisy cpyring dsmoptenlier o iersmites t o t he
| deésntifidalorDdatd fackdd 8y, isksvnan ﬁlgaw mtld&r@lﬁwioﬁbacka%o Ak s

T R R S N T .

USBIditipamketicas) Sasoniahedn 1‘!&nﬁﬂe oblSRioh R8I if hifdpkiaGoh

VIC r|v ars J.n | atf orm r.ecei ve
OB el G okl (I iR iR rd b kel igfon
r datd paket Sdand mfamtmuxbswttﬁg doleo B idenash cil@Mina® mt t h
tgﬁﬂégmﬁ%gbhﬁﬂ?hg regrmands Wien a wite request is

Ket with the operati on code for
the ' WhWﬁeﬁw%bﬁhﬁh@mﬂﬁhdmtmambméﬂemd@naﬁammmmgmthe
O detiiohon AR £ holuf i ﬁgﬁ%’%Eﬂ adgﬁﬁn S s shontiin €

dat a packet OISS own In
i Rierg éT eldentifisation dpig packeiSnlsp F@W}@ﬁ}sﬂoyﬂaﬂnn ﬁboguhesx@ of the

eRgRRbvideNAk Jeexccdﬁic%epﬁ%k gstwe?l(%s ﬂ‘f&&ab&%ﬁg éée of the

wite field 92 with the "wite" oper ati ona
ABN3 §rapg witforprasijerthe faplpmpryeny dman el peikazet fislds.
Wi tt el ofdhelgalietd cﬁ&tﬁb&ﬁn Whid &ty axle%m}tdgta_tpgckgﬁ which are

MWItt |d 98 ich_contains the
qpéd‘égé;g'fs Bﬁ\@f e&"h ReagkatR apt @ S5Bdekegpadstit act s
t msmpted asironiak tediB donettens b e,edmlmyraamk abviQQndpifihnt to

t I catl man
R b AU e Do S Y e Pl e
t heUsH densoderrissy o M&%@KIP@CMSMI}@M {hatuss sb&lf&auon

l ogl C C €r511 1+ 5.51310 C

b  PacPHERARS dha Rl A EaR il p RIS 1
VTS Py st gsing rfe"é@f*q’ @e&e comman taibe ESB |ﬂ@fﬂn dmgmm B
I *Pmﬂ%ﬁl@lah&'s W‘h@n WREtefib ey £6sp %9 S&C%t biftnet he

no dul es are ready, a "wit command i s
°8ﬁ‘i‘f‘“%no°°f‘%{s ! R SR i R ond shsshflissontzipng dhordetai i n g
tﬂ%ﬁsfﬁf&d% ta USBijEIe&eﬁnce Wiveik dAR YRt 9000 b¥ iR
qé )SS . @ t? ne flash nmodule to the MID Iock
THE g P Afds shavprreyonshy in Figure o sregnt thap virite Hgga
datkal saxwlsroemdauswml fie:hi azamﬁaé ‘Swﬂtﬁﬁ)pfﬂlaﬁﬁﬁl d¥ag dh RBHRO
e o eration is

t SB t '
g R o S e L
Mreten,esnuh DAZ Acfield 983wmp‘e¢‘oatahﬁ hel aStullIdaia $dWviife EThe paekbh e

S R S e E Rt RS R

fcpdsite Hlespnlmﬂ anrciotnimagyd lpreqnﬁ&s',{‘het 1bgicat adilkdsols |t1€iisféilleg fa)ahﬁ
t&@dr&sg ?es«ggﬁ?llltng@h f’lgﬁ Q:E; thtl{\gglgeg ﬁ‘é ress % a pﬁW? & ress on
§t1<a<tf flaptamkéul esmme daaidlasdimﬁomllfc@nmia&s &for conedibraaa
Qkiediah f‘heéﬂaﬁmgs %%m ﬂoged/\lg)al thceU§]§ A P ac k(?nce épof tﬁ OI‘P @i ns
a status field 5 The host p at ormrea

Sremperydngshiiek éqeseaﬂmnv-mrﬁe chingaty irembloyhaftash meduiaeandiniem
write status packet 100, the host platformretrieves
informati on on the conpletion status of the wite
command by reading status field 102. In this exanple,
the flash nenory device repeats ADDR field 94 and LEN
field 96 in order for the host platformto have a
reference to the specific
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15 command related to status packet 100. As
shown in Figure 11, a "read request" packet 104
contains the operation code for the "read" conmand in
a read field 106, and the |ogical address of the
desired |l ocation fromwhich the flash controller
should read in an ADDR field 108. Upon receiving this
command, the flash controller issues a read command
to the MID 20 bl ock, after the address resol ve nodul e
has transl ated the address contained in ADDR field
108 toa specific physical dddress in one of the flash

C oopanienihs ph%ﬂrﬁdﬂﬂ&& ‘fvhlaliiﬁia @ﬁbﬁz@l& s aF186:8hokE thatt HIR

“data fr t h C er after the read
cg] i noéiul\cn\é &g Bfg[h)a%m M?Qﬁ’ P iSgHes fr Vg, coppgand on

f thasihtafdintss b¢3| veticls@natsts Eﬂae&la@fhﬁbdtﬂc@ td aeUkB sat-,w&l hifdPem

t at us ket nust ead The
Ot BB SRR P E i B ot Bl
P@@@wsmawughmpanwﬂnoﬂmmma&n&hnmmmdpmﬁﬁguhed&axdﬁﬁﬁﬁ

shatbgpRdgiset 110 contains the address of the read

data i h ADDR field 108, as well as the length of the
read d%kea therflash eomiolldr Shidhes 12 varitig pioess) aha@onttdbi figniala tea

dat Bost bl@tk(gmlﬂz&the@ﬁﬁg oBhaUYs ﬂgﬁl\fﬁ %r}é}% sochf e r eS

the status word, according to o et atd
cHRfRE Site Fipfusy naket 109, 4sishaven in FigureTife Iir @a@@p@: ﬁﬂld am

Cirfite DRIuSPack T &Su@ShsWi stabhis FRIAN 08! "Ifhtv fid B Pkt cg'ltnquﬂi!? the status
S|tuaﬂgpqg ﬁ §h as success, fail, error
MLAE st remopy davice ang fiom RVt Rtaspaskst {09, thv\h@h
t it ﬁdtneﬁﬂ:ﬂhfoﬁﬁmoﬂ%ﬁ @ bl RnART B A% dointand B t he
latformissues an "erase

Vi.C 15 host
‘W%?“§SF£“ ﬁs@klg% 1 Samplpyfhe Paskmgmpry dgvice rpprals ADDR fagld
c%rm@Lﬁﬂ ﬁbldéﬁ ‘resrderddr thplesailithim Coiee i ffdshcetoafidspbdi® d

a@@gk%gg,g 23l fglfress of the erase unit in an

on recei ving such a request, the
f | ashAggrvpon Flevretlil,am s¢aétﬂges:’1mclteogi4@aﬂuamddib epgatibn a

RBYESHEBE « re;dasmmmam &8 168 égtpaepo g,ﬁdlem,m% liraa

address spaces of th I Ssues

e foghwhiphythe E?a@lf@“tmﬂg %\P@ié kead in an ADEﬂh eldaps éipon
PEOE RS Thi @R Rkl tMe Bk esntdN SsshdsKBeaki REAmSnd 5 @8 NPFD

%%Jﬁe roc%&@ %in this erase process Is finishe

& EBHeaEss rrsolyemadule hpdramgated the address sAnkined jp ADDR

Sickdt108 top gkt phisidabamdesd i@ ohd (ﬁfﬂﬁdﬂa%h coltpBnén@nt rol | er

t hen ﬁ%mﬂﬁnﬁtﬁ q@g:erase status” packet 124, as shown

in Fi gure qAsh gpnielicrpogivas thp dyig fipm fhydlaghicyicr. sither pler

thedead semmfindtra xslseedemaSﬁobmnmltcuﬂrﬁu &B@&hfdﬁﬁlrdi}erlaf%&s a
atformw t re ence

A e RO ko Gk S iasd ittt Tt ot

phb’orgpeauma ol ms:st@odrmcmeed “tead ﬁﬁtﬁ&?’lpd@ﬁt i10 aaslﬁwtvaﬁ[us

Figﬁxle(h 1%9& status packet llb conl 4 the adél%) %{f@ﬁf{ 1‘83 % ig)?

above descri p fons are 1 n ende
894 APt eswelbasdbetivagth ofdiyrest dagrin e BN dichian e snchﬂledata Itself

gx%gg{eaﬁiteﬁl 1\34\4/ telﬂzla? g&ﬁ?paﬁ;%t b algont‘nj:at%.lhcs the SR w? word accordmg to
which the operation was completed, in a status field 116. The read operation can be

completed with many different status situations such as success, fail, error detected,

mvalid address, invalid length and so forth,

When the host platform needs to erase an erase unit in the flash device, the
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16 CLAIMs: 1. A USB flash nmenory device for
connecting to a USB-defined bus the flash nenory

devi ce conpri si ng: (a) at |east one flash
menory nodul e; (b) a USB connector adapted for
connection to a USB-defined bus and for sending and
recei vi ng USB-defi ned packets to and fromsaid
USB- def i ned bus; and (c) a USB controller

whi ch interfaces with a host over said USB connect or
whi ch at |east carries out one of reads and wites to
said at | east one flash neﬂﬁry nodul e i n accordance

\(,:wolﬁsiﬂ lr)%fmrﬁh 1&&5@-&“%&%@@1@@%@1&51 18V\§h§€vﬁ ErﬂF 1@1@'& 93 This packet

R e A ode i it e 130 Gry e ook iR oF the
r e@ﬁﬂmﬁl AATIPR Faldil0n) G ek eio! gg@ﬁta nést, P S Qh ¥

dat ckets. gver said B connector into
bR L R A e

amtfiress spaces of the flash atdaiekl mﬂﬁ&ué’saﬁ QadRmBREHo L MITE Blok B
adaptqﬁsggs g% %&g tk i cal. address from sai d

USB- de gpagk e ?Buﬂe U &[R4 P HHEPRESS | n
o%mhlsm@rm&cssaﬁnislaﬂ theaastmmm)ﬁﬁl:asmdmfoym mﬁau I e;
\Mgg§y ' r. e d S agda te

recei \?Fkr?gﬁg%flﬁgﬁggéﬁt 1%§ 90 b ﬁ?r%%n %%'ﬁg’t‘%an an Wﬂ’s
rReslst {3 shewr indiauee Hoﬁmn stasg pmkelslaﬁ ot thkeddireaschf the
dadsed BAGK ADDR Sad ﬂzzaﬂ% by &ﬁdlﬁ%%l@ gosi.S ;ﬁgﬁ'orm w1§1% rgfcrU:%%

controller, such that s are

40 U6 earhigaiess s Bictagig arcentingdo whiclT He obi@iof r“as tpmpéﬂimlny
demlidea incaMisidngideo cl aim 1, wherein said device is
bei ng provided as an integral unit with said USB
connector. 3.The USB flash nenory device according to

cl ai mitixill bdvppetified itht thadbdvCREIRNGhs i ieldel bRy AR R
id at |east one flash nenory

[ data
o8t LM BB BBl TSN RS Fhe
WrAPE phige pradedt idadnign. sai d addr ess resol ver nodul e
resol ves said |l ogical address to a physical address
of said at | east one flash nenory nodul e. 4. The USB
flash menory device according to claim1, wherein, if
said command is a



read command for reading data fromsaid at |east one
flash nmenory nodule 17 and said address is a |ogical
address for ‘reading said dat®a; said address resol ver
nodul e resol ves said | ogical address to a physical
address of said at |east one flash nenory nodul e. 5.
The USB flash nmenory device according-to claim1l
CIfaiMsher conpri Si ng a data handler for perform ng an

L OGRS AP SRR £ RS 3l e

deﬂaﬂmhmndﬁglce according to claimb5, further
s handl er for receiving

salnga)@gg %8‘!"?%@%%’599”5 dtéltet s and for sending status
packetalU s asasdiiragapiedsdbadonsecibn ®ailibRBadefinediats aodifr sending

o B £ e RS T SR bt (Rt R g T

cl ai(en20)SH eontrblés mﬂh&hﬁxﬁtéﬁdcﬂg\mth a host oveasanﬁﬁrﬁﬁ yonnector whlch at

s g okt o Pttt il BT pilith BRlbhi g

acdaiﬁﬁﬁcfewﬂmmﬂlEB adfthed packprer f orm ng said wite comand
sical address. 8. The USB flash menory

dew“"greg'gsé CAHYE YTHRSSof clains 1 to 7, wherein

sai d deviagemaaidinaspréchylienis addpled to interpret ‘commands recelved as

o AR S LB TR SN b, R 08 SRS
intb Gctidiyfopfaiddt &abmont flash fnenidigmeiiule;sad d USB cont r ol I er

is inplenmen as a s t.e circu
The UBe P AL RERRny R e S SRR G g e
frofil saidrmsmd&fmeﬁ datbeRkes ﬁxtcSﬁ}blﬂSledeIéB@ fuf @leloe moterddf edigatdéast one
f ite co nds after extracting- correspondi ng

ai\‘l\s‘%[% Bdes from sai d USB-defined data packets.

11. w-ﬁblemu% afifirasessbaDmydukel iadpted daroeadivirg shid (EBydedibed data

SN PR R R R L s T e T

addreREERRELS séid tesaldd) ISBnonér @kh that sdflicaogmand3racgyretfeinaidy
t ocol 2. The USB flash nmenory device according

a"@&’?‘b‘;ﬁ?%? ‘2:‘1165?‘??5 1 to 7, wherein said USBdefined bus

i s connected to said host and wherein said host

pro mands to B, cont r.ol

51 i e Pa Bty SO setor OB R LG isbeme
prodﬁMdi geandfe@uldinngvithGa@nySPfonatcairns 1 to 7, conprising

an address/data bus interconnecting said. .USB

controller and said at |east one flash nenory nodul e.
3. The USB flash memory device according to claim 1, wherein, if said command is a

write command for writing data to said at least one flash memory module and said address is
a logical address for writing said data, said address resolver module resolves said logical

address to a physical address of said at least one flash memofy module.

4, The USB flash memory device according to claim 1, wherein, if said command is a

read command for reading data from said at least one flash memory module



14. The USB flash nenory device according to any of
claims Ito 7, wherein said USB controller negotiates
with said at | east one fladfl nenory nodule to
determ ne at | east one feature of the fl'ash nodul e
geonetry. 15. The USB flash nenory device according
to claim 14, wherein said at |east one feature

an€ HIPAddsRSis A I&dicaPaddretbfor reh@ind SR ddta sdid sRirees \esdlesr inaule

ding to claim 14, in.sadat |
e B HROBEBIFaL HRSFIAETD PTG 4 gt on° T veAEny aggle

flash nenory device according to clainm 6, wherein

said USB control |l er uses sajd determ.ned type .to
5. det SHRUNE ESHBRBPY deReHRGTOG “heitdr RN PE tEe f or
sai ¢ data hh@B&forgRGori aSdh DAoLt BDeHdl BrrectidS roufihefol IR at least
fl.ash nmenory_ device according to any of clains 14,
ongHRP SO Nt rol | er notifies said host that it is
ready after said negotiation. 19. The USB fl ash
menmpry. devj ce accordi.ng to. claim.l14, erein.said at
6. | eadit b ihpere dotiricsedte g Sy cSnpriff
man ldfs?_ﬁis WeAdNG fcfr)f@ﬁﬁing%\%ﬁ UlBededpi (Ldteg&bkm_ ok sekeMigGeatus
according to cl ai : erein sai et erm ned. si ze,
Packfy Cﬂ%ﬁﬁ*fg%&tswﬁ?‘ﬁé S%@ﬁéeaafr%w %%“W%Qﬂg‘ﬂ%i‘cé"%mg fo said USB-
defifealasth phdien. t abl e and address space. 21. The USB fl ash
menory device according to clainR0, wherein said USB
control |l er generates said translation table and said

7. add rmg SISBARGIEmemad ?eﬁf@cmfé fo&%ﬂmvmﬁfmwembﬁgng:
according to any of clains._ Ito 7, erein said )
confsIoBY teplpelogy didves (Y for reegivige 2 pifsrommant aodrbyristt
addrbdd @8 sai D4t 1@biloA€ hyRGndn@rampdil, ahd foy p@forhing s41d MEEELYhmand to
- nodules. 23. The USB flash nmenory devi ce according

saifl ghygiegl a9fr<8 aims 1 to 7, wherein said connector is
attached to said controller by a conbi ned
physi cal /|l ogi cal interface. 19 24 _The USB_flash . .
8. menging UdBv]ademeeers enisrorgdins i ST e Y3 o i seid device

actS Qddy&ically attachable/detachable non-volatile storage device for said host.

9. - The USB flash memory device according to any of claims 1 to 7, wherein said USB . -

controller is implemented as a single integrated circuit.

10. The USB flash memory device according to any of claims 1 to 7, wherein said USB
controller interprets write commands after extracting corresponding operation codes from said

USB-defined data packets.

11. The USB flash memory device according to any of claims 1 to 7, wherein said USB-
defined bus is connected to said host and wherein said host provides commands to said USB

controller using a proprietary protocol.

12. The USB flash memory device according to any of claims 1 to 7, wherein said USB-
defined bus is connected to said host and wherein said host provides commands to said USB

controller using a standard protocol.



physical /|1 ogical interface is part of said
controller. 25. The USB flash nenory devi ce accordi ng
to.any of clainms 1 to 7, whi¥ ei n said at |east one
fl ash nenory nodul e conprises a plurallty of flash

d 26. The USB fl ash ce of any
ot e R RO G progdi e ORI 6 e PR RGP
ad&r@ﬂm’ataSﬁs interconnecting $akd ESH uhtiollaral sdiditésfane fladaningdy
0. recei ve sai d USB-defi ned packets, such that if one
mplesai d USB- def i ned packets is a USB token packet,
said functional interface acts on said token packet
and packet extractor .seri
13 e LS Pb b B HAT S R P ARl R B Yigrens Sid D5
colit@tiel MRotsuddsOvitiSBrddefchs o6k Rh mepaskaidle 16 adtehmPRCKRES one
extrﬁééﬂr extracting at |east said commands from said

- feafjipo FaPGUE YRt s; wherein said device is ,
dynan1ca||y att achabl e/ det achabl e. 27. The USB fl ash
further

Egl{h% égﬁgdagl?mgr&mr%n &.%‘: ?ﬁcéélr glgit%%la%‘?%\)’l’h&feﬂ’gsaﬁi gtjleast one feature

(mmpmﬁﬁﬁaee functionality to said connector; and
wherein said controller further conprises:
(i) means for extracting flash nenory commands from

16sai Th/EBBARE Redottakacpackaing ¢ gl ¥,acherirbsatiad thast one feature
- _connector ;. and (ii) means for
COPAET HIPTHYERER St | east one flash memory nodul e in

response to said conmands. 28. The USB flash menory

device of clainms 1 to 0 sing: . (d),. nean
17 or T@P Hgfﬂﬁﬂ%men%eewm wredEg tcr SffiEd PoovaTert i?*dtl&ﬂ%sqna“oﬁer
useB QI aet@inedand tvlaeiine Sabmorg @thiodddy @Fivdr TG ko use for said at
[ (i) a command extractor

| con?rlies: -

cagsar oMoy BR¥W4ct f1ash nenory conmands from said

USB defi ned data packets received via said connector;
driver

opeﬁa? IV g le%w%‘ﬂl?wc&gﬁﬂa g et B iR controler

notifRBAIY howd thal i€isiréhdl @BEGRIE Actddiats@. d commands.

19. The USB flash memory device according td‘clair'nlél, wherein said at least one feature

comprises a size and a manufacturing type.

20. The USB flash memory device according to claim19, wherein said determined size

and manufacturing type are used to generate a translation table and address space.

. 21. The USB flash memory device according to claim20, wherein said USB controller

generates said translation table and said address space.

22. The USB flash memory device according to any of claims 1 to 7, wherein said
controller includes a plurality of chip enable signal lines for attaching to a plurality of flash

memory modules.

23. The USB flash memory device according 1o any of claims 1 to 7, wherein said

connector is attached to said controller by a combined physical/logical interface.
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24.  The USB flash memory device according to claim23, wherein said combined

physical/logical interface is part of said controller.

25. The USB flash memory device according to any of claims 1 to 7, wherein said at least

one flash memory module comprises a plurality of flash memdry modules.

26. The USB flash memory device of any of claims I to 7, wherein said USB controller
further comprises: ’ )

(1) a functional interface adapted to receive said USB-defined packets, such that if one
of said USB-defined packefé is a USB token packet, said funbtional interface acts ‘on said
token packet; and B

(i) a packet extractor serially connected afier said functional interface and adapted to
receive said USB-defined data packets, said packets- extractor extracting at least said
commartds from. said USB-defined data packets;

wherein said device is dynamically attachabie/detachabfe.

27. N The USB flash memeory devi;;e of any of claims 1 to 7, further comprising:
(d) means for providing a USB interface functionality to said connector; and wherein
said controller further comprises:
(i) means for extracting flash memory commands from said USB-defined
data packets received via said connector; and
(it} means for controlling said at least one flash memory module in r‘esp'onse

to said commands.

28. . TheUSB flash memory device of any of claims 1 to 7, comprising:
(d) means for providing a USB .int_erface ﬁmctironality to said connector;
and wherein said controller further comprises:
(i) a command extractor operative to extract flash memory commands from
said USB-defined data packets received via said connector; and
(ii) a memory technology driver operative to controlling said at least one

flash memory module in response to said commands.



