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UNI VERSAL SERI AL BUS- BASED PC FLASH DI SK Fi el d and Background of the

I nvention 5 The present invention is related to sem conductor nenory
devices, and in particular to erasable and programmbl e nonvol atil e nenory
nodul es which are connected to a host platformusing the USB PC Bus.

Er asabl e and programmabl e non-vol atile nenory nodul es, hereinafter referred
to as fl ashwoewamy or flash devices, are known in the n@o 7ﬂ;};,torage of 10
information. Flash devices include electrically erasable and programrabl e
read-only nenories (EEPROVE) nade of flash-type, floating-gate transistors
and' are nonvolatile nmenories sinmlar ih functionality and performance to
EPROM merori es, wi { RRerasteiUREITa: AfuliebkoRAkER IR adLEGYS an 1n-circuit,
programmuabl e, operation to erase g %es 0 e menory exanpl e of an

i npl ementation of such a flash def*&BASBRIEKgi ven in U. S. Patent No.

5, 799, 168, |ncorporated by reference as if fully set forth herein. Flash
devi ces have {. Of belng relatively inexpensive and requiring
relatively Ii conparedtito traditional magnetic storage disks.

However, in a fl aghe Idmntdmr,emioh id Blafe@to sl@ihﬁ@ﬁdu@t@xl mén?orj} 8Midel, GndAn PT €VI OUS] Y
witten area of. ) precedi ng e erase of the area.

A TR a9
This |imtation iakd e davpregae %’%‘E"’?lﬁéﬁnﬁ%"%@oﬂ esorpdtardl e with
typi cal exi s tdongclep BradiostiptptiomsistimtiprURE POBus. Si NCe data cannot be witten to

an area of nmenorygpWw bl ash.device in which data has preV| ously been
written, unless tﬁ}%ggl}egm% gj??%rmf'ab% L HOae JBFRRRAr BodiadeiiBAter sy st em

such as that refessd losasdlegh mem8y dPeftastnieviNes, ﬁa M%Ehe firt leCheoRdpe Mar ch 5,

1993, zs Yi Ghrodnsatib t rth her is required to
nmanage t hese fancttillg%g&]ggéﬁ&?glc ﬁ él%ctnc"a“] cﬁ%rogrwlgﬁfeﬁg’? Yhese flash

nmenory devi c&MREGE (BEFROMsh dnade of tlashtype, ﬂm:rgmatestrmhabrstaheWermt be either
att ached st atvbﬁﬁllehlyenio@ieé ElﬁnﬂEkO&tﬁJiﬂtzQﬁaﬁlﬂf 4 rf%[:fo 1&@ det ached

dynani cal |y us nﬂﬁﬁéfg ‘Bgﬂ[lPer sonal & Chter nat i onal
30 Associ at i 6‘ﬁ'ih fqngl e iy ‘?’#ﬁl“é‘ﬁ%ﬁ‘tlaicF@ﬁsprhammehlawbaam to i ncl udi ng

difficulty oferasn;;mganxﬂﬂialn@hmgpsjnee ﬁ%}] 4/—} %!;Oc% \é?ul d foll ow
the USB sfan itk 8% g b? p VI)OOI 0476 PCI1/ US00/ 07087 f he USB
Speci fi catl on Xers on (- e T-L6% Heoporaiedbetpfesance ps if Gillyyetferth f or t h
herein. The USantandard offers a smaller formfactor and greater ease of

use for the end e e. COo f.the inplenentation. This
standard is specﬁai%ég L %cgh(r%vélgn ag?? eWE%%@%WHWEF‘%W@B“&)y conpani es

such as Corrpaqaanwmjme@pwer 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 lmitation of flash devices causes
them to be incompatible with typical existing operating system programs, since data
cannot be written to an area of memory within the flash device iﬁ 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 platform, or attached and detached
dynamically using the PCMCIA [Personal Computer Memory Card International

30 Association] interface. Both implementations have drawbacks, including difficulty of

use and high cost.

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



5 Corporation, Mcrosoft , IBMand Intel to serve as an extension to the PC
architecture with a focus on Conputer Tel ephony Integration (CTl), the
consuner, and productivity applications. The criteria which were applied to
define the architecture for the USB standard include the ease of PC
(personal conputer) peripheral expansion, |ow cost, support of to transfer
rates up to 12Md/ second and full support for real-tinme data, voice, audio,
and conpr es¥@&/#’deo. This standard also offers protocelrfidisshdi ity for

m xed- made i sochronous data transfers and asynchronous nessagi ng,
integration in commodity device technol ogy and provision of a standard
interface for rapid integration into aﬁy gi ven host product. In addition,

the USB st andte fiSBSpesfanmsyasisi NOVER R Bx@ﬁd&si?ﬁ;ﬁ?pétifo n3pd attaching
o? the electrica ?uﬁ'ctions,

connectors; s t at( of the details-

i ncl udi ng bus%eg%%#] ﬁ?tdi“gg?g?mﬁf‘ﬁsle‘ég%@é@fﬁdW{eﬁ@S@fmsme&e enfifiseugh t he
standard, t hewhitriowhing dle cd@vf hemmpRinRnG@dl Thisl @afdhivd HebinRGhSHPPOT t
automati ¢ napping. . idefsggggr& orn]_%otcgba driver. Furthernore, the standard
enabl es al | peripheral "devi RegotgoLemases wdas CompaaiGonmatst e and

r e- conf i gu¥ ablaporatin Mot niBdOms fntelas L6hcAS &xEnach e Ftex BBy andard is

descri bed by ; fined areas; USB interconnection, USB
devi ces and thlg{%%%E%ggogéﬁg&ﬂgepfﬁqny%eegrﬁ%@ﬁ}@F&B‘?‘TH‘EE"’:‘F’én is the manner in

whi ch USB dewiredsstivify apigattonst ed t o, and cormmuni cate with, the host

platform The ass¢fd @& WHiAGH .and. conponent s inclu t he bus topol ogy,
whi ch is the connection nodel ebeg‘?@ggﬁno ﬁ@gn@%a%g%ftﬁrégwﬁfg&%%ﬂﬂét pl at f orm
The USB physi®a¥deithereasecb RA &esrsoral compytes) peiiphembiexpsmaion 109 0bsg @ppotoUb i s at

t he cent eto oftra@sherftated it 1538675 d128d BAY [.S..A. DOk Nt -t.0- pol nt _connecti on
bet ween the host %lﬁ‘ft'f orm.and a hub or Eﬁlg({r?egﬁfugg‘?amav?fﬁ%g@ﬁn@ct ed to
anot her hub SPRPEHE] Yige Thinstendardglse pifess pratoedh Apibility foraviked-tidde USB t asks

whi ch are periooiirnmas adta RA€iarslady £5nBRnbR nleBGoisy SheMH,D 6! data flow
nmodel and a gghedule, A data flow model IS %lh% n%?ﬁ%?%%%%gh data noves
in the system over hiolesy JERPRKFIRR afp YRafard preserderiapid intesttiominbons uner s. A
schedul e det @tveh hetpradre ds additidn)ibe URB ethiRigiést:da sitdld ffket §; WO 00/ 60476
PCT/ US00/ 37083 h hedul.i nabl es isochronous data transfers
to be supported ‘gndﬁa gﬁh%%%g %gtoré’rsﬁ?httﬂgfﬂi?%ﬁg%%&ﬂﬁ% elepfrical fgptionssel f i s a
pol | ed bus. TBiRgSEs temmnations, ae isolated frem lieehd plaThoigh théliddial @ al | data
transfers. brigBbhS1 del RS ALk r RS A the transmssion of up to three 5
packet s. Eaék tﬁaansacti on begi nté&%%ﬁg%ﬁ ° %&sotmag%’r"ffqp&gl"gﬁmtt?ﬁsﬁ schedul ed
basi's, sends *40Y55B Fpdhicratre.deestantlasd engbleswdl resipherahdrtioss tb € tynamically t r ansact i on,
the USB devi emachabtl 88 fe-coafidie@ndpoi nt nunber. This packet is referred to as
the "tok packet, " The USB device, to which the packet is addressed,

sel ects it¥sel f by*BEEHSPATErbacssHPRiothedisB sandud saloforibeddy thrkn a gi ven
transaction, sqpat@, deSinddrapdas TUSD igSrc6inkdiBh, YIROMNLEnd B UsBSE Pl atformto a
device or fr g?fgmdﬁ\l/eic}g If the host platform The direction of data
transfer is Specitied Ih tHEniesiats Bampuser inphish U§Bdewicaskret he transacti on

t hen sends acaatctediiaehdxtonmmunicatd withtRshobiphdt fotnh) hs R ERed RS ta to

transfer. Thg, I i i n neral.. responds, with a handshake packet

i ndi catin mg%ﬁg%nkspﬁ%ﬁd?&ﬁr?g?t@ ‘ﬁeﬁs‘%ﬁw@%?me?ﬂomoﬁﬂém%m a transfer
nodel betXeeffvitesand thedogmtbtfdmst i nati on on the host platformand an endpoi nt
on a device is reaheik8dnia "pi.pey. There are two types of pipes:
stream and message. St ?e%smaggtte%o g&st%rllgaslﬁéﬁfeaétﬁtﬁ%"éf’%’t‘f’ﬂ@t‘ﬁﬁé@e whi | e nessage
dat a does. ARFHICE PiGAd Sfay Eapll wisssehrmsntisapsintiogboinoamn@fiotiadaech & dy dt h,

transfer seryht€smbiPLhubdn dnSRHAPR L REb GRAL eristics [ike directionality and
buf fer sizes. Mst pi pues C(I)]rm_ Boai m eil%gﬁ"eaﬁlc‘;’@e‘\mgﬂf@m@gﬁ device is
configured. One ﬁ%@@é“g’éaﬁ?l?ﬁ@?ltytsﬁét eS8l aske whith b pgopsed antasligerexi st s once
a device3 s ipawayash inblﬂd@arMﬂ&gn&fepéﬁhQﬁﬁﬁé%dﬁﬂ&h&&ggg guration,

status, and control .jnpfornation for the device. e tran °i on schedul e

for the USB BFERJAFYChEHHmEwEs i BosveienorsitheftiiB tebyren datr wadnegs pes. At t he
har dwar e | ewiata cohdninSrspAGYIRAIS dSirkias dd Ik fars ;25 experience
underrun or overrun, by using a NAK h%ﬁ?ﬁ%@é@cgﬁfﬁﬁg’tﬁ%ﬁ he data rate.
Wth the NAK handshake, a transaction is retried when bus tinme is

avai l abl e. The flow control mechanismpermts the construction of flexible
schedul es whi ch acconmopdat e concurrent servicing of a heterogeneous m x of
stream pi pes. Thus, multiple stream pi pes can be serviced at different
intervals with packets of different 30 sizes. The USB standard, as

descri bed, has three main types of packets, including token packets, data
packets and handshake packets. An exanple of each type of :




WO 00/ 60476 PCT/ US00/ 07087 packet is shown in background art Figures 1-3.
Background art Figure 4 shows an exenplary USB abstract device. A token
packet 10, as shown in background art Figure 1, features a PID (packet
identification) field 12, specifying one of three packet types: IN, OUT, or
5 SETUP. If PIDfield 12 specifies the IN packet type, the data transaction
is defined froma function to the host platform If PIDfield 12 specifies
the OUT or “&E¥¥47packet type, the data transaction is gefidigehds” om t he host
platformto a function. An ADDR field 14 specifies the address, while an
ENDP field 16 specifies the endpoint for token packet 10. For OUT and SETUP
transactions, .in which PIDfield to 12 specifies that token packet 10 is an
OUT packet t yB&edhSugh sshedulingpmahlestisockrprous ddbDRbfomltaibelsépponed &BDP fiel d 16

uni quel y i derdiinfngtel RiBin@idhRALMEf OF receiving the subsequent data packet,
shown in Figure 2, which follows after token packet 10. For IN
transactions, in W T Beibissnofled bps Fhsdeticpmiolletnatihe lokipintioacket 10 is an | N

packet type, iADRE dlidets thadsfer2 Al bENERs L& ' ol tl fy.. Whi ch
4 > A Sﬂlvaﬁ??lg:t%%lggg itéﬁglyefhe checksum

endpoi nt stransmt 5 data packet. CRCS

for determ nipﬁ%g{s‘r}:ﬁfah %%‘ﬁ*’é?ﬁ() a‘é?éﬁ%wh%hmt qgeieqiicy, e @ pohediledibesiosendsc or r upt i on.
Only host pl atUsh pvicadesirbigehd ihand Rl of thBactdH e TfiRligken packets 10
provi de contrg&esgvaﬁée&drggé_‘r&ingsiﬁg of the subsequent data packets. As shown
in background art’ °Fr gurermien Egpackst isdoferad toesheideken packt&Tho0 zo al so
features a PIUSB(dswick et whicteth¢ patker ataidressed, sebdcfl itddds fyQecddfigitd f yi ng the type of
dat a packet. . g features data field 24 for optionally
cont ai ni ng da a,&gﬁg&i&%&f' ?leffs%ivefgmf‘sg‘f’m&b‘ﬁf“dfﬁ redritherioarBum as

previ ousl ¥ déetphtiea to pdevicgroofivrd a devicelfo tio hest BasdimWEhealibaok graund art USB

handshake pagkgter ; | P acket identification)
field 30. Elan??ﬁa%gpeggﬂgﬁg{%é%géng)?‘gétigneu%gge ?é)tg)ertg%ﬁcfmtthfé' Bt ys of a data

transacti on S#@Packs orindicaier thahthe earderhel oatatanigtransfer Fasdastinaiac @pt i on of dat a,

conmand accepéndAr esfndd VitleShdn@Rakelh QW iGANkE halt. conditions. Only
transaction t ge whi ch support felpow clont ro?kg%{%prglgtuﬁ?strﬁcrﬁﬁsndshake -packet s

28. Handshak&P5¢Kets 28 are al ways returned in the handshake phase of a

transactiidn and rihy USB de trisfee thoddl BE&WERAR s@ircdli AeBAAKE LS meflast | N the data
phase of a 3 pes o%h packets are

?lagfgrx%r%ﬁ(?‘a(j{[én Fdi tThe 36\"t ri“‘re rrdi ffer‘?nt ! ;
exchanged dufing various phasa&Ss™sr FIRETFHAS A RO hasiaEsttwp ietsfles a USB
device. A schipeastiern pldoudssag. Sgeamiad ha e USBWRARALBRALE WRIThLSRO/ 07087
'data does. Additionally, pipes have associations of data bandwidth, transfer service
type, and endpoint characteristics like directionality and buffer sizes. Most pipes come
20 into existence when a USB device is configured. One message pipe, the default
control pipe, always exists once a device is powered, in order to provide access to the
configuration, status, and control information for the device.
The transaction schedule for the USB staﬁda:d permits flow control for some
stream pipes. At the hardware level, this prevents situations in which buffers
25 experience underrun or overrun, by using a NAK handshake to throttie the data rate.
With the NAK handshake, a transaction is retried when bus time is available. The
flow control mechanism permits the construction of flexible schedules which
accommodate concurrent servicing of a heterogeneous mix of stream pipes. Thus,
multiple stream pipes can be serviced at different intervals with packets of different
30 sizes,
The USB standard, as described, has three main types of packets, including
token packets, data packets and handshake packets. An example of each type of



functional blocks in a typical USB device 32 is showm 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
physi cal 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 buf f er®p oekazedevi ce address decoder for decodi ng tagy gﬁﬂg s of the
source device for the signals, and a SYNC field synchronlzer Por

synchroni zing the signals. Information and structures required for
management of USB abstract device 32 ast a USB device are stored in a USB

class 10 cont, i ne ction and devi ce engi ne

40, also terne %tﬁge%‘? | %@Hugér:a,r?ﬁ' lrgagacgﬂ Hﬁﬁgﬁﬁe 4ShEVsAeci fi ¢

functions andemb@rwlesbsmctmeabst ract device 32. In addition, function

and devi ce engi ne no ft data over the
AR HE RISHIBT ARGRLANGER DR e of LS

USB bus. The USB speci ficati on does no hi p bet ween
di fferent 15 Eweket ideélﬁpwou)gslchusspmﬁrmg@wofame@pkehmvm O(Rabxher the USB

speci fi catsonsmrﬂfbﬁﬁf&@izf bdes RGN Gk and for the
el ectri cal gl?‘h ysi cal connse)ctl ort1 be \E/iveen Sﬂggabta Sac “dé@?f@%d 32 and the
bus. Ther ef or EOPAEMene teitew Blaghren. Hé’luaﬁﬁléh%mepéesshﬂﬂwrmrﬂmkground art

Figure 4 are pmks npeehekaRhacRh :?d%ﬁhéﬂﬁo%ﬁﬁ@ﬁcﬁfﬂl&fzbgwfﬂ £hndidh fi11s the

requi renents of the i fication. Thus eci11¢ device for

fulfilling the us@‘@%%?gjﬁlﬁﬂ lFﬁJE%adeWhﬂ@p ificl) 16yspeafiésred and

descri bed ar céndpsinttforteken pder 0 LFR DEITYand BET@NE&&%&E':B%RH@%) ﬁéi& sts for a
u whi ch

flash ne 0 i ni ne or_nore flash nenor

woul d enggi3 fﬁsgecgﬁesgkﬁp%ﬁeﬁﬁ’raggﬂﬁ)\}f% %P‘ffg?fr‘ﬂé’éf’r ‘E%Eréjpdﬁékeﬂ@f’?»ned accor di ng
L 0 theI usz s p&BDPRifhitlidend BNGP fibld f € yiquely iadtifyQhd8nPdid f&fdrecﬁwff}gsﬁhesys'[ eﬂﬁ on a
ost platfor oes not teach or
suggest Such@gﬁf?ﬁmf&%ﬁa&ﬂ{;}% fﬁér‘lv% e Elg'tlrﬁe Yﬁhg%fﬂﬁ"d"é\?a‘éré" enpackedPiFRed
previously, e%ﬁnaﬁﬁtlcalﬁehi”b’ébfm@ld/\blﬂpdnm ttpanokenq:udwioys Mﬂﬂfpd&:kef or a nunber
of reasons, @ﬁdﬂﬁ'ﬂ%&l@ﬂaﬁ@ﬁﬁm @1396%1&%?8&%; LN ,ﬁéﬁ Lo, the end

user. There is thus a need usée
ar chi t ect it e PHPG- feFRG? ﬁ@‘dégﬁpnﬂéeéfﬁcbwhgmafdrﬂasmnmbnyokdew ce vvh| chis

conpati bl e WIm&wlmb&ﬁ$&aﬂm&o%%nﬁg|d%séQQ[FI ne Sﬁlgt%% gag Io %r;u msg;the

that the flash d e | d sit on
with the host? fﬂﬁf%m&%‘g ‘@i‘i@ﬂa i 0 prowjgs conirob ovey BamaiFsisoi0 7087 bus. Bri ef
Descri pti on cubhenthapaikgs. FIG 1 is a scherratl c bl ock diagram of a

background art US oken ket fructure; 2 is a schematic bl ock
di agram of a backgr%u% d%?’é“ﬁ c%@fk%?‘ﬁnﬁl&ﬁtgﬁgdatFPﬁketﬁol s a

schemat i c2b| cisk febluaeyrndid Qjacle:t Wecifigrtion)itlent folibtihapdehgledrdal a packet
st | FUCtUre;  packet. Data packet 20 also features a data field 24 for optionally containing data, and
a CRC field 26 for containing the checksum as previously described.
Background art Figure 3 shows a background art USB handshake packet 28,
which features only a PID (packet identification) field 30. Handshake packets 28 are
25 used to report the status of a data transaction and can return values indicating
successful reception of data, command acceptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can return handshake
packets 28. Handshake packets 28 are always returned in the handshake phase of a
transaction and may be returned, instead of data packets 20, in the data phase of a
30  transaction.
These three different types of packets are exchanged during various phases of

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



lo FIG 4 is a schematic bl ock diagram of an exenpl ary background art USB
device; FIG 5 is a schematic block diagramof a systemwth a flash USB
device functionality according to the present invention; FIG 6 is a
schematic bl ock diagramof the USB Flash disk; 15 FIG 7 is a schematic

bl ock diagramof a flash identification request packet; FIG 8 is a
schematic bl ock diagramof a flash identification status packet; FIG 9 is
a schemati CY®P%846 di agram of a flash wite request packeimysofidbs; 10 is a
schematic bl ock diagramof a flash wite status packet; FIG | 1 is a
schematic bl ock diagramof a flash read request packet; zo FIG 12 is a
schematic bl ock diagramof a flash read status packet; FIG 13 is a

h tic bl Gelstigh f et: .gnd FIG 14 is a
schematic tichaPd RN Qftyifcal LSS Eeﬂe%§?s sﬁ:?rglflﬁizﬁgp (fgﬁ oF

schematic bl %ck di agram of "a flash erase s : ry of the
| nvention 25 SAHKEOHASEINB devigeHSBsevica32ompically fnebidesveldSH slecttizai ce, cont ai ni ng

one or nore fili@sbe PSS 2 dabiethy &&nﬁéaﬁr,wwgghg@ggég%i% Iy ped to the

address space_aof. an ASIC.or a caontroller efined el ectrical
interface and°8"TEEIRPITRIEGE FisgRRATienakiichaweommibie vithihe 638 er / ASI C

(her ei naf tser seeifioatidn & prexavuksty @bdcAbed) THIRRRAK bt thel addRo b yRehi Onal ity
i ng enuneration onto the 30

according to.th B st.andard, thereby supportin

USB bus, as \I/\I}efirface;é?’ ‘ﬁ%f]émgg‘ieéﬁf‘? B FPOERY Iiséﬁ“s‘?ﬁ"’§§i“¥§‘ﬁsiﬂf‘é?d°[f88 pi pes to and
from USB endpepditsthe ddiress afaint soodct €dvica Fo he S14RNQ hiida $HGC Figct i onal ity and
control of t .devjce as |1 as the processing of conmand
and dat a pac%&fﬁsrblﬁ%gﬁqgﬁﬁe 08t e GW%‘D}"%‘REP‘@“ TRYSGEF Wt Riontrol 1 er. The
host cont r ol maragemeasofdiiB dbtraederival? pasisHiceicpioto®als: U (gr st andard or
proprietapy, cdnfolSh@Binel06n Ql%glg 3§ HRAG, 1.0y Jgeic‘gge}%r f Oggeﬁgs Epgmédhﬂele e Hash

controller. Thus, the entire-device acts as
at t achabl e/ dePRIERUI contenks asd maniges tbe eecifiefudaivhcand bapertibmofigBt pl atform 5

Accor di ng t Oatshi®t @RS SN InlafiMEdN FA&k: - rqvided a USB fl ash nenory
devi ce for connect i ng to a U%%f def %oﬁgﬂﬁ%glg%&lgﬁ'ggyfﬂg%ﬁon%mﬁ% devi ce

conpri si ng: Payeeamestofdhe d3fpeventhedySEisor y nodul e for storing data; (b) a

USB connect or f OITheUSR ggkifiogioh Gods A6x déﬁ%-tﬁﬁﬁiaﬂﬁghipﬂﬁwg&%f?&e%hs?n?i nguggcket s
us; an C) a

cont rol 1 d 1 SEESa DR eFRE Sotier b Bt G meviSmibAyeribonl & and f or
control | i ng eriethtSRuicornte bir dte padkes;adi R the Qledticd @AShySOE.RALKST T ecei ved
T ;gg}( t gﬁeuf:s[ggﬁéefﬁgﬁg rags%n% 3%\}%%%259@ ¢ bt Fhetctors the E{En?lgcti%r?s a?ig d read fromthe at
relationships shown in background art Figure 4 are only one example of an
implementation which fulfills the requirements of the USB specification. Thus, any
20 specific device for fulfilling the USB specification must have 2 specifically defined
and described architecture.
Unfortunately, no such architecture exists for a flash memory device
containing one or more flash memory moduies, 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 2 USB-defined bus and communicate with the host platform through this



Hereinafter, the term"conputer” includes, but is not Iimted to, personal
conputers (PC) having an operating system such as DOS, WndowsTM OS/2TM or
i s Linux; McintoshTM conmputers; computers havi ng JAVATM CS as the
operating system and graphical workstations such as the conputers of Sun
M crosystensTM and Silicon G aphicsTM and ot her conputers having sone
version of the UN X operating system such as Al XTM or SOLARI STM of Sun

M crosyst en¥PM/60816 any ot her known and avail abl e oper abingsodiaie M

i ncludi ng operating systens such as Wndows CETM 20 for enbedded systens,

i ncludi ng cellular tel ephones, handhel d conputati onal devices and pal nt op
conput at i onal devices, and any ot her cbnputational device which can be
connected to ggnetwork. Hereinafter, the term"WndowsTM includes but is
not limted to Wndows95TM Wndows 3.xTMin which "x" is an integer such
as "I", Wndows NTTM Wndows98TM W ndows CET"' and any upgraded versions
of these 25 qRfBbicAficsssiheMawdpsM crosoft Inc. (Seattle, Washington, USA).
Det ai | ed Descri pthﬁg of t e I.nventjion The present invention is of a flash
mermory devi ce, i i ic Bipck fingeant of 4 dpckemound astJSB fokentriacdet t he f 1 ash
menory i s Srappedurt;0 the addr ess space of an ASIC 30 or a controller which
has a USB-defi ned ctri terface and a USB-defined | ogical interface.
This controller/A Sﬁ‘@l”lg 3?]{’]8 diagrappf a hackergpnd ash YSE dapa psclsbor t s t he USB
functional it iradwer ding to the USB standard, thereby supporting enuneration

onto the WO 00/ /07087 U s well as data reception
and transm ssion %\%ggﬁgmuﬁ% %g’agﬁﬂl PB#@Q@WW@S halep|gpta conltorol | er

al so suppor t Pagkhiesiricipres i onal ity and control of the flash nenory dev, as

well as the proc ackets fromt ost
control l er. The ﬁ%l?tm%c?%%}?o r&gsdeggmnogg%?xgm@\?’gr Tkgf%g%‘f‘rbhﬁ%@pr ot ocol s,

ei ther stand&fHes or proprietary, to signal the next comand to be

performed to the 1gBs fsl.ashna@sRll itgndevi.ce acts as a
dynami cal |y tach bl e/ det achabl e r?g{lm\?ogatgslgfee ‘Qtﬁgﬁd%eﬁ e\gn &€ for the host
pl at form WhiffPSHPRRY perorling;te e peseatiaveafiem bl e to various nodifications and

can be i npl enent dﬂGUGisﬁ@cHE&BiYclﬁ&ckﬂfan%'o‘f@nemBrﬁash&19? enbodi ment i s shown by
way of tO0,,exanpl eFIF Ihe dr be described in details in the

fol | owi ng pages LR&GTE™S 5%‘%@8?%‘?’6653 flash fdeptficatiom requait peekst skill in the
art appreci ates tIHGtSislaechsmaﬁﬂmickﬂﬁmbf@ﬂasﬁméhtﬂic%nlsfﬂﬁis%&&t ed in various

ot her ways. The i ver difications and alternatives
falling wthin thﬂgbg@fs“{hchﬁn gﬁgugr,wgﬁ F%gé’ﬁfeirﬁqr?es tpp&ethr i nci pl es and

operation of a UST%GflOashSO@ervatcéloelndjamb&rﬂaaicmrredaamgpztc@et,lS t he present
invention may be fgt {18 » LRARH hof e Lo the drawi ngs and the
acconpanyi ng descripti on. Q— t%%BQQd;%%% gqueftﬁ’é S drawi ngs are gi ven
for illusfrative %ﬁrﬁd&%@hmﬁhybbﬁtﬁlwm vﬁatﬂaslelamam;)bekei imting. Referring
now to the dravi 1706, 13/l Qe bbciduiREhe 0 DLOS uggﬁaagf;e?m of the main

co onents of a f devi ce and system accor 0"t he present
mp F118 14 1saschen¥atxc block diagram of ayﬂash erase status packet g

Summary of the Invention

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

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

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



20 invention. A flash nmenory system 42 includes a host platform 44 as
shown. Host platform 44 operates USB fl ash device 46 as a non-vol atile
storage space. Host platform44 is connected to USB fl ash device 46
according to the present invention through a USB cabl e 48. Host platform 44
connects to USB cable 48 through a USB host connector 50, while USB fl ash
devi ce 46 connects to USB cable z5 48 through a USB fl ash devi ce connect or
52. Host ple¥EMHf 44 features a USB host control |l er 54pdmwsemeugzr ol |ing and
managi ng all USB transfers on the USB bus. USB flash device 46 features a
USB flash device controller 56 for controlling the other conponents of USB
flash device 46 zﬁgdggoi; Qrovi fh%’g an interface for USB flash device 46 to
the USB bus, UBE'FI a8RWE Pt ine obievesl passibleprotpeolss sithgrseanddrdish 30 menory

nmodul e 58. Flagptvpriesg;ty signd the @e:b SorinBandhebeerbinétd e thalsB Y@l 1 ash nenory
Whenever USB fl ash device 46

nodul es 58 i heh~the.data i s. stored.

becones conn (I} ¢ %AAE% § hﬁb@% ety %‘%ef”(g? ﬁﬁ?séf‘ﬂ a dynamically pitselpbledgtaghelts 1mo 0l 07087

st andar d USB veltilestosdge devigerfodiesesttpidtfesn.pl ace. In this process host platform
44 configuyes USB [ nd the .node o ication with USB

fl ash device 46. ﬁlt“lfoﬁg%gtﬁ‘a}\é gegeenét}lgly %uﬂ%r?‘fredff’r?‘é‘fi%{ﬂﬁ%g&@m%’r confi guring
USB fl ash dedeeiee Bconfiesing the USBrsbawdbug fthedlast dmyorp tdvice atispritinp@ut i nt endi ng
to be |imtingiead B Pl ' ' i S, ined in _greater detail

bel ow wi th regard to a ngrtﬁﬁghm!d'ﬂy%ﬁ%dé%hdg%tﬁg&%SW%%f‘%ssues commands and
requests to W3nepingdmthg P afiupg basand figlsending panketp o, lnd foHesdivigyg at f or m 44

queri es USB fasi sdaie esARehii8u0 ind OF, (I Sk SRPROLAL fig) pstat us changes,

and recei veslrel ated packets if any such packets are wal P?trillg to be
recei ved. %10 'fgape gi’sgf’?eﬁ’r"ﬁﬁ‘ﬂ‘lﬁ“}céﬁ% eaptrgling/the UEB conmetiSBofdiresh atdevi ce 46 by

sendi ng r equéait opapicRét Sectived 422 hOBEBGOfRCH Bhd, Slch Rt dHSBWBRSL, GQnt rol l er 54

transmts packet.s B .cabl e 48. These requests are received by USB fl ash
devi ce contr 6f 5‘?“3@‘%%%8%0%@‘?Wa@ﬁwmwe-e 46 is the device on the endpoint

of the request. USBeihifasithedem wompaat imlui®! mdf nbhgrieRed, QAR vari ous

operations such as ing, witing or erasing data 15 tromor to flash
nmenory nodul §§Tp@§§ {P(;&?gasv’ PPfirﬁ’&gg‘%i?f“cS“ﬁS"B StindewsT 95/2%eeh as device

enuner at i on  dimixcdntiitgtiMabinpiters; dSBpdraBbdind XA 0.69 98 hobJeBling0 control s
flash mmryS%dQI e F§‘8 R%éoﬁusi_n a_control line 60 to control the power of
flash nenmory e&hf"é@%’a Kal wariptatipds sushias Gisgpmenters ofifun disrewystenefhads such as
chi p enabl e, sSHizeh GRpltlcs®¥) dndthdr Corfiudidtading Hme AR e Ehﬁg ry modul es)
58 are al so connected to USB zo n?ﬁtashadlg%/_i ce cont rootlhfer %’e@ﬂ%n
addr ess/ dat a SHIFR ¥P s " s SPLARES hefSup Mierpiptendiior ewmtenkimwhor per f or i ng
read, wite afdRhaSR o} ngthldﬁg . ell as the
op AR %enf hcf dgbpaagggggteg;g%ﬁgﬁm%ﬁm

addresses_and data for these commandS as n e manufacturer of
flash menSry h5ehedded sysiems, fisluding eqllufapiclepigess haadireldicowipatetiondl dedicasot | fy host

pl at form 44 e oy aihiaiarictRess idlatPol oofb 1 BbviRAIALLORS T euest ed

by host platform 44, USB fl ash device ransmts status packets using the
"Status end BYRARed o aApetuerl; Heretnpfter. ey SindnwsB™ insbides hut anétor m 44 checks

(pol I's) For siabdts windd@bsm ansladdal i asiidley £&, ﬁﬁegér%ﬁc‘ﬁraé‘sr’ei ther an enpty
p

packet if no_packets for new status nessages are esent, ot alternatively
returns the tigdoys NIFE NErdowsRaY. fWinduysLHTbamd actetrgiaddatvessiansicttze of t he
functionak copRmaeRemeby MR bE as! A 1S owm in Figure 6. USB
flash device 46 i%%fsuﬁlesyti res phyglsgﬁq’gﬁﬁlgﬁ%ﬁé{tltjs‘g)éal interface defined for
t he USB standard, shown here as USB fl ash device connector 52 WO 00/ 60476

PCT/ US00/ 0708¢taildd Description of the Invention
The present invention is of a flash memory device, containing one or more
flash modules, in which the flash memory is mapped to the address space of an ASIC
30 oracontroller which has a USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed 2 “controller”) supports the USB

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



and a connector interface 64. USB fl ash device connector 52 receives the
electrical signals from USB cable 48 which carries electrical signals from
host controller (not shown). These signals are then passed through
connector interface 64. Every mllisecond, a USB frane is carried on the
USB- defi ned bus, such that packets could be sent to USB fl ash devi ce 46.
Connector interface 64 then receives these packets through a first
interface oUngsmEat, which is a conbi ned physical and d@agjsgeahesh Nt er f ace 66.
A functional interface 68 is specifically designed to receive token packets
as defined in the USB specification and as previously described with regard
to Figure 1. These token packets t0O ar®& related only to particular

fucti onal uir f t he USB

st andard, angﬁﬁ3t ﬁJrslg'{s wﬁ\%egafﬁrs&p%ﬁ%&Eanél‘?lsgx%na?vf e EF%%P*’S %’fd °§¥'19 of USB
flash devi ce endpoipis. Bhig P@ghllqyﬁb«suaw@ﬂmmtmmwmd pnedefitheilashent i on. These

t oken packet e USB host
controlor 5311&%[( nb%(ot&eb%sﬂveglgﬁﬂgﬁﬁge\séﬁn%&tc& aﬂ@&a?aﬁ&&%s%o?n t?@ 01 i dentify USB
fl ash device cﬁ@“’é}ﬁfd'r‘%ﬂhO%aiﬁt@HPr‘ECSrO@%iFF@é%P@@blﬂmcﬁk@ﬁhﬁrd@nﬂa@ 46 on the
USB bus. Thusr plophistdr, aaknai m&%xt%%é@tmlpxﬁamm&ﬁ&%ﬂunct' onality

needed for the identification and registration of USB f| ash device 46 on
the USB bus. SPRSllen Ty, thesptitedlevipe agfsapa fmamisalbeattachable/detachalls »on- packet
extractor 70 vehiileBor)t deaizt for tth@oapRifbeat i on data and commands from the USB
application packeﬁ‘@11 @uch 0 t hat I%Egl i cati on packet extractor 70 supports
only application A BVPHeRBresceniRi o vanays medificalong andgaress | ash devi ce 46
by host pl at fimplmne’med(mmgnmmmaﬁdemmﬂ@,&hémmﬁm@wnwwﬁ)e‘)f identify and

For any commarst R b SEBEELESRE (P00 Al b3 SETERE e Baal et and
erase comandsouldhe ua(liﬂst@slshaﬁ exalf vré:ruawdlmlllen thd at ap@nsiaak that thdy@esagldr ess from z5
the | ogl cal @[Mﬁtﬁﬁ%oﬁ@%ap eﬁ’;&ﬁt@@xnﬁgﬁ’ 8@[!’:1‘ g ?1‘?1 en| 35¢ HOSt pl atform 44

(not shown) relates to a 'l near address spa Gdal gihbsses, while
USB fl ash deW@éﬁc@t@n&‘ﬁﬁtaﬁ?fﬁ%wa“tfalll%‘sﬁhﬂmﬁeSpllatrvdﬂplc'efeetrabdnyora plurality of,

fl ash nodul es 58, T&%&i@gs Mbﬁéﬁaﬁﬁgfﬁjﬁﬁéhggdmewgyﬁgﬁa 1o 1NUS, a
transl ati on rgj?st be orned between the ca res ace of host
pl at f or m ¥4 d’fﬂsg%a\xﬂ)m&ﬂ’ay B%%Ff&aﬁefﬁwr“é@gefsrm@ the drawmsqoaaéé@ of USB

flash devi ceaéeempaaye.@aesaﬁlmoaﬁabemgam&eﬁt&dmmhemmm@g9:@ feh fornsl ation which
Lnvention. One exanple of a sui tabl e

are suitabl eﬂu%tl hem_g

i mpl ement ati On ot Ak CTEFrO sa"fll"]raﬂgt]ra‘iaf‘tdﬂb‘fwlé‘f“ﬂ% is described with regard to
u. S. WO 00/ 6047ﬁef¢?ﬁﬂ'dﬂd806mm7ng1,’ﬁ£ﬁé £t sé¥ematiy b&ﬁl@rd{i&&n oID!hEVI ously

i ncor por at ed set forth h teaches a

net hod for mnﬁégloﬁggeﬁgﬁpaﬁéhmm 5‘%‘“ 3 éfyzﬁtgﬁ‘aﬁoéﬁn Q’E\Rﬁerse&’ﬁ is suitable

f or oper a%0i ofnvgition. AHleshomemen sysiemvid irtcludes. a hastghdet farnhddng Iskeown7/Bodnandl es dat a
rel ated aspeglsomf 44p¥ratk .hg the data through
functional i %t ecr)f ac@aég e@g@gﬁgﬂf r o gg§ﬁ°n%§djm? s a% %})tl onal ly and
preferably, data Feshelptérm g isrenrteeiedio USB flagk dayice d@@m@dmg trthegpresendet ect i on

met hods. Apphﬂveaioha{amfgﬁmnciammaerrmsﬁglafonza4 céii.ﬁécﬁ tbe@ﬂ' &[};4736 and address

resol ve nodule 74 al| operate with an underl chnol ogy Driver

(MID) 78 to WFpyska Uiséabasta?mé%rssé ‘ahlbéﬁﬁ@ah@amp @1 w@de&Bs@leand t he

desired addr asgrdighh 188 flath deliosddniREHEE 123: pidtReh 4Pfadfc0h B doghecks for
st at us changes |aﬂg§§gflas dev ce 46 and reads stat us packets from USB

fl ash devi ce “H#® “‘ﬂ%ﬁg dl %%F%%{S@n%%uﬁ ‘hese stat us
packets, USB f| astsBifash deick@é eamrets hUSBHakh debide bRAGbIPEGLE Sntoififly the results

f diff LY ds | t t t
Chown) | For . £58B Anapiet BFsy faeh Bt B Rovidig Blticedatng one of e

avai | abl e st Stshslevicr4bso thy TISBass, USBAzesdVice Eahdcti 52 01d af lehy alel flstaddr ess”

whi ch enafyl e de r result of the read command
(not sho?ﬁ) ﬁglahg@tm%@ts&?ﬁggh rasog' (}u ﬁl%&%ﬁyé%ﬂaaloﬁga%"??aﬁyus wor d

i ndi cating tn“edldGﬂﬁSIHewhldnthgﬁatahetowdase process. A wite status packet is
used by USB fl as 0 4 ab t, the 20 result
of the wite comman wefg?ﬁgléalodeﬂgé%%f e§tb BC%edmﬁOrqnéat\Na‘g uccessful or
erroneous, and whet her USB flash devi ce 46 is ready for additional wite
requests from host platform 44. A Menory Technol ogy Driver, or MID 78
typically contains routines to read, wite and erase the flash nenory
device controlled by the controller operating MID 25 78. In addition, MID
78 optionally contains an identification routine for recognizing the proper
type of flash nmenory device for which MID 78 was desi gned, so that the
controll er can determ ne which MID shoul d be activated upon interacting

with a garticul ar flash rrermrx devi ce arrax. | n additionI an identification



WO 00/ 60476 PCT/ US00/ 07087 12 U.S. Patent No. 5,799, 168, previously

i ncor porated by reference, discloses an exanple of such an MID for a fl ash
device. Using the above described protocol and architecture, host platform
44 can optionally inplenment any application which is inplenmentable with any
regular 5 nmenory mapped or I/O mapped flash nenory device. For exanple,
host platform44 can give a standard bl ock device interface to each

appl i cati on"O¥#846as a nmgnetic storage medi um "hard dbcisegiizisse, as
disclosed in the previously described U S. Patent No. 5,404, 485. As an
exanpl e of a preferred enbodi nrent of the present invention, the 10
operation of a host system connected to a USB flash device accordi ng to the

present i nverfahdard USB dﬁﬁﬁfaii&ﬁ;ﬂodéis&&]cé??ﬁhﬂﬂ%@pﬁ&?s }Bétgﬁﬁi%ﬁﬁ% of identi ;yi ng,
ash devi ce. r the purposes o

progranmm ng, readin d.erasing the ce or t

illustrati oncﬁﬁagi’m%ﬁégaﬁh%ﬂfe 10 3pd hamade o sommunizatipr Wit USB flashy way, t he

exenpl ary USBevideatShAlt@utoRerbi@® may diféEmhe@bds hohidsil (RARLY, modul es, each
i t 5 table is within the

of which is it in size. The address translatijon >t

fl ash devi cegé‘l(;@l@et“tﬁa‘lf’f % ‘{rp"ﬁ?sa“? Farthoply apdyidoutinerding g be imitiagidheesses. Al |

commands &nd presntinventioiie sxpiteieddegtedidi dethil Besdw iEyiesRd BNnddpA ost pl atform
USB dat a

are carried : ckets, and are transferred through

pi pes. The eg’gg{ﬁ% ?lg%{?ﬁragmgfesf%%mﬁ’ %%’8{%‘{“65&"39334}%81@% o4gle descri bed
in the USB sprasnfipoinitbostplatiire 46 peried USHAlsh dévive 46 ¥860ph @cywit@eVvi ce and system
accor di ng t 0ot dASinPhESRRL j ' I.s.as. follows. en the USB fl ash
device is fi ?s._ (I:]onnect_gggng%g’ %}\ﬁg&h%%’%pefﬁ a't.’afd({)?tsfﬁfmfyﬁ&c}lj\ég‘eﬁd‘éet control | er
assigns an aﬁ’ﬂlflé%@_b?lfcfl]’\f@- USB flash device on the USB bus, and al so assigns
resour cesjpas desqtdsﬁﬁﬁfohﬂdReue%Qﬁ&%%o&'L%%Lﬁagﬁdev%@%H B hihash device

S
actual |y asks the host platformto assign these resourtes ™and nust inform

the host pl al*RUFHR2AGH OHER het canfrelles 54. gteantepller S4dwuketts pAhets, t he USB
flash di sk 2an OSB caRt480THRE HqRHPROFbei R BPRIRIRM &eicé&%%%eris&r hdie USB host
pl at f orm has devices. - The "USB

gﬁrﬂegql% .al460.c ted resources . to ot her
control ler alsd REGEEFAPE Hridericaqnéherandpoint afyieAeaussiaHEB dathdevitnes t he si ze
and manuf act esnirelipr §6/then ffoinfseatounbsbitions sudiha r&@iﬂg,rmting;,rg,gg{édgtgi | ds an
identifigati i is informati as well as the
transl ation ?‘?a}ﬁﬁltetgg%%gmﬁélg’?dgg )é‘ga’r'%‘g%" geic UAP (ptioiey gk ahost
control | er i&ise priumemtiorhand oSHighlatah USR iasheleviteh@ntidit Sedoakdionah of t en upl oads
a USB clientyughdYeh ' ' identificati request WO
001 60476 PCT/ USO /o%gg‘}%gg& g%%%dﬁgéﬁgﬁ?ﬁ{ebfﬁg‘i%%P%%ﬂf BHRERY causi ng t he
control | er tB°teihSfriand alve thigeshrvarious athexsignala sah podietnalle) andsdeatiadi n Fi gure 7.
| denti fi cat iorite Pighdiseb ﬁ&n%gnﬁﬁh%ng%gdugksysszée glgod(iogpc%%g?ca%l{ leld 26, as

0 e 2. ent |

T
descri be?0 previ ously f { ackground "art Figur n I cation packet 80
al so confai n¥SRHFvce lgr g6 by eaddiessislata bBp@. iAddeses/dapeuadl omsBiscode fiel d 82.

The packet extirasdsdor poffortrig reddBwite 858 SRS AL SEBIs ﬁ%m&?f%@%@égfa“ on data
Identity” tommand to the

packet 80 argg atlsrwgierﬂsfs ﬁr s.the glgf‘{ atfi ng code of the "
appl i cati on cofmend® "RFETHTE LY pf Heseeagmeapds 35 defined by hent i f y" command, the
fl ash devi cendnhfrusesfdiastanemadembdfid(©agi on data packet 84, shown in Figure
8. In addition tg the-fighds shown in 10 Figure 7, identification data
for UL ’ '
packet 84 also contains i nglga?hrr&a]e ‘lc‘ﬂ(:fhd 3By E?Sgﬁla'g‘?’?é”(?f‘ theygesult and
25 status for different operations requested by host platform 44, USB flash device 46
transmits status packets using the “status end point”. According to this procedure,
host platform 44 checks (polls) for status packets and USB flash device 46 returns
either an empty packet if no packets for new status messages are present, or
alternatively returns the status packet itself,
30 A more detailed structure of the functional components of USB flash device
46 1s 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



flash device in a flash device size field 86, as well as information about
the size of the mninmal erase unit for erasing the flash nenory in an erase
unit size field 88. Al of the packets described in this exanple are only
dat a packets which are sent on the USB bus. Before each data packet is
sent, a USB token packet is 15 transmtted, instructing the USB controller
as to the identity of the device end point to which the data packet should
be transm t@W6pon successful reception of the packeigridguhisB control | er
i ssues a USB ACK packet as described in the USB specification. Once the
device drivers in the host platformregeive this status packet, the drivers
can start ISSUI ng read and wite commands to the USB flash device with the
z0 appl i cat i GAd & earneping dnter{Anefd. dJSﬂ’ﬂ$bdwequmbctmr§2$£ab¢stEedl&Sﬁcﬁlat a packet
with the opers dtheb fer cont ai ni ng
the data, is t%?gﬁgogr?%gézfd?gda%&%#%m 9al |gs)efro ;\ho\iﬁ'ﬂngoge gt packet 90 is
shown in Fi gihevm, These denalsges *hemmbdjﬂi@sghmndctoeinwammem eviously in
Fi gure 8, exelgm’@ecbmamlfgagm wite field 92
with the "write’ operational codg@%mgksg% ﬂ%ﬁ? %L&%FW%%SCOW% | ogi cal
address to b&®§§ iofB flash dgvigefe| d 96 with the length to be witten: and a
DATA fiel d 98 mcmme@amemesme@@&m&m&%%&@mﬁ@ b8 first A JQ%Cket extractor
acket 85’ an

extracts the operati code .fromwite data ransfers this
code to the 3%’8?‘1 E'H’t‘f%ﬂﬂ'ﬁ Hgleﬁkﬂﬂél%wafquﬁ@cF%llﬁﬁlncm&r ess is
transferred nmrfabe@aeleb“eaﬁ&myaeﬁn\é@toﬁaﬁﬂb&k&ﬂ}ba@l&tsta% agib@naRe di S | ogi cal
address to a e@%ﬁ?ﬁu%ﬁ‘ ddress on 3 of the flash nodul es. The data

handl er opti vocar P Rusly fesyry °€8ftf‘§§fffléﬂf‘%!ﬁﬁl dbessdaemprokic hani sns | f
enpl oyed By tanqeelusemﬂy mmdammum@mecalomsﬁ fledhQictibodvii@igpy y nodul es are

ready, a "wi nt .to t nodul'e, or nodul es WO
00/ 60476 PCTI RS 060 %gtﬁ%dg‘ﬁté'afdr‘?f’ r‘f‘g’qu’fﬁeea“tﬁﬁ‘i}"é‘f’%%&lm’a’aﬂ?‘é@%‘maw| ch may

optional |y speST8ssbdevisesibas ¢ Aash dishecchidingho i phatent iveentidie TAERokdnoCk. The MID
bl ock then i s&u&SaA Hhel¥rk dre i ch connects
P r sfp.@cthf}EﬁEféﬁqathm : Oﬂq E%jS 8% c?nrsﬁrgﬁ%éérrg

the flash rmcLﬁIestote device ¢ ion is
conpl et e andSWWa}apf hest platfpa 44 (ot shawm Weélentlfytffﬁbﬂw ﬁl;vmlrféaudeﬂudate of the
oper at i onsi Sret;dmﬂﬂ‘USBdlaﬂﬂieﬁnh@M'&ﬁBe@sﬁ'gﬁso&hl?sr ﬁlﬁ&\q eé onE e device
fer nls the witing .

driver |nthseuhé) IUO%@ X Wien the flash contro
process) the®™€Bnt® pe g’i’e’g‘] egdefiéo‘tﬁff’éd%%‘ta“?ﬂ@@Fmsﬁﬁttoha?fUﬁhéa@t atus of the
USB fl ash nedsvicy 48evine®&Shaas.changed, by sending a "wite status" packet

100, as shown in EOHL ce of data field 98, | o wite status
packet 100 cont aldr?s a lg?evfce“&?lsog%e%“rfﬁaélapﬂ‘fi’é“‘f’?d’é?keb‘f"gf‘f‘%r”m“fh@hds the status

packets fronextthes the epplicatienrdaty adevinmends &osl the 0SB WplidaBorSpadkduSsgRcket 100, the

host pl at§ or gy n t Ietlo at of the wite
command t%y reggﬁﬂghﬁ%gtgﬂég{%‘ﬁgﬁnqg%pgrfsnongfﬁpghcé palc#f‘és #’F’ﬁsh nenory
devi ce repeat™ rHPER to USBdiagiudesinel4d tHNjobtiplticn® 64 (mt sbawdf),rmimrforhm host

pl atform to Raveri, ey g o6 nd rel ated to status
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be 30 conpleted with many different status situations such as success,
fail, error detected, invalid address, invalid I ength and so forth.
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ggg ?ngﬁeﬁgggﬁﬁpﬁﬁﬁﬁ?ggagd for controlling said USB-connector according to

at | east one packefostptebmeds cfhEdkﬁfdrR@tu%&?fnimﬂﬂﬂﬁevic%#ggﬁtrgﬁg 298{”8’;6' S

i ' | eas ne flash menory _ .
ey e e,
interface for BoApeBY kst USB adh dBR 450aMeSEET:, ta]?&t %l@t('i;%#iﬁgh é’ﬂse%hg% Z I's: and
packets from sgiifretdmRom@RRGG:0 Fhod pl%lfgéna‘ltilirta s 1%que(sats (enot shown). For ,

15 example, the read command status packet contains one of the available status words

such as “success”, “error” or “invalid address”, which enables host platform 44 to
determine the result of the read command (not shown). Similarly, the erase status
packet contains a status word indicating the completion c;f 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 78. In addition, MTD 78 optionally contains an identification routine for reco gnizing
the proper type of flash memory device for which MTD 78 was designed, so that the
controller can determine which MTD should be activated upon interacting.with a
particular flash memory device array. In addition, an identification routine should be
able to detect the size of the array of flash memory devices, including the number of
30 flash memory devices within the array, and various features of the flash array
geometry, such as interleaving and bus width. This information later enables host

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



(e) a logical interface for connecting to said electrical interface and far
translating said plurality of electrical signals to logic signals, said

| ogi ¢ signhals being passed to said at |east one flash nenory nodule. 3. The
flash nenory device of claim2, further conprising: (f) a functional
interface for receiving said logic signals such that if said |ogic signals
represent a WoBokasmeti onal packet, said functional interface sends a USB
command to said USB control | er according to said USB fulf&tiU§¥4r®%packet . 4.
The flash nenory device of claim3, further conprising: (g) an application
packet extractor for connecting to saiditogical interface and for receiving

said logic sig | d | Lcation packet extractor extracting at |east
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6. The flash npsmEMnQaY: 4GrdUisk® ha ; rein said commpnd s a wite

command for vvritiéh data to sai d‘wg{gsiaggs Sb"ﬁ&ew?rf‘g%“ﬁlyr‘i’ﬁ%?%%dul e and said
address is a |REENP “04r85s for witing said data, such that said address

resol ver nodul e remlaue,&l@@i(@aF@%ﬂm@gg{Ei%?th%%mgenpgl}égniﬁggI Aaddress of said
at | east one flash ne rg{ nodul e. The flash nenory device” claimb5,

wherein sai'dl cOTHRCG D0 systetroapstizh e WO flask devio gecduling 6 hopesai d at | east

one fl ash menonyentiviy deschbrd with rddaa doihe ceiss%s@fihéﬁgfy !prﬁggjﬁrﬁﬁl for reading
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i5  table is within the flash device so that host platform operates with logical addresses.

All commands and return codes between the flash device and the host platform are
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 on the
USB bus, and also assigns resources as described in the USB specification. The USB
flash device actually asks the host platform to assign these resources, and must inform
the host platform how much of these resources are needed, Thus, the USB flash disk

25  can optionally support slower device speeds if the USB host platform has already
allocated resources to other devices.

The USB controller also negotiates with the flash modules and determines the
size and manufacturing type of these modules. The controlier 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
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pl atform compyi.si.ng: . (i . USB host controller for controlling said host
platform an p%;ﬁ“: glacoﬂgé“%gl,g "¥8hnect or for connecting to the USB-defined
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ca] ca PKFLL transmitted, instructing the USB controller as to the identity of the device end point to

which the data 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 to the USB flash device. A write data packet 90 is shown in Figure 9,
which again includes the fields shown previously in F igure 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 writtén; 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
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packets from the flash memory device, and from write status packet 100, the host
platform retrieves information on the completion status of the write command by
reading status field 102, In this example, the flash memory device repeats ADDR field
94 and LEN field 96 in order fof the host platform to have a reference to the specific
15 command related to status packet 100.
As shown in Figure 11, a “read request” packet 104 contains the operation
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 field 108, Upon
receiving this command, the flash controller issues a read command to the MTD
20 block, after the address resolve module has translated the address contained in ADDR
field 108 toa specific physical address in one of the flash components.
When the flash controller reéceives the data from the flash device, either after
the read command was issued, or if an error occurred, the flash controller sends a
signal to the host platform to indicate that a new status packet must be read. The host
25 platform issues a read request and receives a “read status” packet 110 as shown in
Figure 12. Read status packet 110 contains the address of the read data in ADDR
field 108, as well as the length of the read data in a LEN field 112 and the data itself
in a data field 114. Read status packet 110 also features the status word, according to
which the operation was completed, in a status field 116. The read operation can be
30 completed with many different status situations such as success, fail, error detected,
mnvalid 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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The erase process generally takes more time then a read or write process.
When this erase process is finished, the controller notifies the host platform a new
status packet is ready to transmit. The controller then transmits an “erase status™
packet 124, as shown in Figure 14. Erase status packet 124 contains the address of the
10 erased unit in ADDR field 122, thereby providing the host platform with a reference
to the erase requests. The status according to which the operation was completed is

provided in a status field 126.

It will be appreciated that the above descriptions are intended only to serve as
15 examples, and that many other embodiments are possible within the spirit and the

scope of the present invention.
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WHAT IS CLAIMED IS: -

1. 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)  aUSB connector for connecting to the USB-defined bus and for
sending packets on, and for receiving packets from, the USB-defined
bus; and

(©  aUSB controller for controlling said at least one flash memory module
and for controlling said USB connector according to at least one packet
received from the USB-defined bus, such that data is written to and

read from said at least one flash memory module.

2. The flash memory device of claim 1, further comprising:

(d)  anelectrical interface for connecting to said USB connector and for
receiving said packets from said USB connector as a plurality of
electrical signals; and

(e)  alogical interface for connecting to said elecirical interface and for
translating said plurality of electrical signals to logic signals, said Iogié

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

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

D a finctional interface for receiving said logic signals such that if said
logic signals represent a USB functional packet, said functional
interface sends a USB command to said USB controller according to
said USB functional packet.

4, The flash memory device of claim 3, further comprising:

(&)  anapplication 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
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address being sent to said USB controller, such that said command is

performed according to said address.

0. The flash memory device of claim 5, wherein said command is a write
command for writing data to said at least one flash memory module and said address
isa logical address for writing said data, such that said address resolver module

resolves said logical address to a physical address of said at least one flash memory

module.

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

memory module.

8. The flash memory device of claim 5, further comprising:
{ a data handler for performing an error detection and correction routine

for said at least one flash memory module.

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

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

functional packet.

10.  The flash memory device of claim 9, further comprising:
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performing said write command to said physical address.

11. A USB flash system , the system featuring a USB-defined bus, the
system comprising:
(@  aflash memory device, comprising:

)] at least one flash memory module for storing data;

(i)  aUSB flash device connector for comnecting to the USB-
defined bus and for sending packets on, and for receiving
packets from, the USB-defined bus; and

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

(b)  ahost platform for communicating with said flash memory device
through the USB-defined bus, said host platform comprising:

{i) a USB host controller for controlling said host platform; and

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



