ARCHITECTURE FOR A UNIVERSAL SERIAL BUS-BASED PC FLASH
DISK Field and Background of the Invention. The present invention is
related to semiconductor memory devices, and in particular to erasable
and programmable nonvolatile memory modules which are connected to
a host platform using the USB PC Bus. Erasable and programmable
non-volatile memory modules, hereinafter referred to as flash memory or
flash devices, are known in the art for storage of information. Flash
devices include electrically erasable and programmable read-only

memories (EEQR&M& Wﬂ -gate transistors and
are non- volatile memories simiar in fun %%‘@?Me to

EPROM memories, with an addnﬁ@ﬁhﬁﬁih@%ahty that allows an
in-circuit, programmable, operation to erase pages of the memory. One

exampleRbABBRLRRMaEoRRLSIch a flash device is given in U.S.
Patent No. %JQQ 16 mcqr orated by reference as if fully set forth
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COSt. relatively kittle power as compared to traditional magnefic storage disks, However, i
a flash device, it is not practical to rewrite a previously written area of the memory
without 2 preceding page erase of the area This limitation of flash devices causes
them to be incompatible with typical existing operating system programs, since data
cannot i}c written to an area of miemory within the fash device in which data has
previously been written, unless the area 15 first erased. A software management
system, such as that disclosed in U.S. Patent No. 5 404,485, filed on March 5, 1993,

- ‘which is fncorporated as if fully s2{ forth herem Is required to manage these functions.
of the: flash memory device. '
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O.trrently, these fiash memmory devices have a second limitation, which is that -
they must be either attached statically to the host platform, or attached and detached
dynamically vsing the PCMCIA [Personal Computer Memory Card International
-Agsociation] interfacg. Both implementations have drawhaci{s, including xiiﬁiculty of
use and high cost.

_ A more useful implementation wonld foliow the TISB standard, as described in



A more useful implementation would follow the USB standard, as
described in 2 the USE Specification Version 1.1 which is incorporated as
if fully set forth herein. The USE standard offers a smaller form factor and
greater ease of use for the end user, while lowering the cost of the
implementation. This standard is specified to be an industry-wide
standard promoted by companies such as Compaq Computer
Corporation, Microsoft , IBM and Intel to serve as an extension to the PC
architecture with a focus on Computer Telephony Integration (CTl), the
consumer, and productivity appllcatlons The criteria which were applied
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A system constructed according to the USB standard is described by three
separate, defined areas: USB interconnection, USB devices and the USB host
platiorm. The USB interconnection is the manner in which USB devices are
connected to, and communtcate with, the hast platform. The associated functions and

- components inchide the bus topology, which is the comection model between TSR
devices and the host platform.

The USB physical interconnection has a tiered star topoidgy A hub is at the
center of each star. Each wire segment is 2 poiat-to- -point connection between the host
platform and a b or function, or a hub comnected to another hub or functicrn.

In terms of a capability stack, the USB tasks which are performed at each layer
in the system include 2 data flow modei ang & schedunfe. A data flow model is the
manner in which data moves in the system over the TJSB between data prodncers and

data consumers. - A schedule determines acoess to the interconnection, whichis *



in terms of a capability stack, the USE tasks which are performed at each
layer in the system include a data flow model and a schedule. A data flow
model is the manner in which data moves in the system over the USE
between data producers and data consumers. A schedule determines
access to the interconnection, which is 3 shared. Such scheduling
enables isochronous data transfers to be supported and eliminates
arbitration overhead. The USE itself is a polled bus. The host controller on
the host platform initiates all data transfers. All bus transactions involve
the transry('{s ion of up to three packets. Each transaction begins when
the be af:on%‘bﬁ'l’é@ﬁ#‘é“%&??é‘&ﬁmw grintisnséeld S Bepagietdascribing
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have “EdBEHSRRdtSRiGRtee b iwis tnstianafen senvee Thes@ad.adpoint
charasteniepdie itectinnalibs s DuliRL s Sa Mo AlREs.Come nto
existenessien a USB device is configured. One message pipe, the
default co%ro&gﬁo%, always exists once a device is powered, in order to
provide access 16 e Srfvseatmardmbivsolanfosmiatinn:for the
devid€iprRaphpserioiisohatite forthe-418 B stanslar dHRRr it SIQNL of

contropéonsamenshieaii-nines, dkihe natwagelevel, this prevents

situajipng,in Whishyffers, experience underrun or overrun, by USAGS

NAK_ handshake to throtle the data Faters of data bandwidth, transfer service
type, and endpoint characteristics like directionality and buffer sizes. Most pipes come

into existence when a USB device is configured. One message pipe, the default
control pipe, always exists once 2 device js powered, in order to provide access to the
configuration, status, and control information for the device.
'ﬁze transaction schedule for the USB standard penmnits flow control for some
‘ stream pipes. At the hardware level, this prevents situations in which buffers
expﬁrience underrun or overran, by using 2 NAK handshake to throttle the data rats,
With the NAK handshalke, a fransaction 15 refried when bus time is avaiiable. The
- flow contre! mechanism permits the construction of flexibie schedules which
accommodate conctrrent servicing of a heterogeneous mix of sireany pipes, Thus,
muliiple stream pipes can be serviced at different intervals with packets of different
sizes. ‘
The USB standard, as described, has three main types of packets, inchuding
token packets, data packets and bandshake packets. An example of each type of



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 sizes. The USE standard, as
described, has three main. types of packets, including token packets,
data packets and handshake packets. An example of each type of 4
packet is shown in background art Figures 1-3. Background art Figure 4
shows an exemplary USB abstract device. A token packet 10, as shown
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As shown in background art Figure 2, 2 backgroend art TISB data packet 20
also featires 1 PID (packet identification) field 22 for identifving the type of datz
packet. Data packet 26 also features 2 data field 24 for optionalty containing data, and
& CRC field 26 for containing the cheeksum 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
used to report the status of a data transaction and can return values indicating
successiul reception of data, commeand accepiance or rejection, fiow control, and halt
conditions. Only transaction types which support flow control can retumn handshake

‘packets 28. Handshake packets 28 are always requrned in the handshake phase of a

 Wansaction and may be refumed, instead of data packets 26, in the data phaszofa
transaciion.

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



Background art Figure 3 shows a background an USB handshake packet
28, which features only a PID (packet identification) field 30. Handshake
packets 28 are 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 transaction. These three different types of packets are
exchafigEiml P iaasmicH AR devic 4 AR itransa dii Brmhich: inahiges a
USB dedigenkl schismadiccblosk dirgean Ghithe, 3. J0astionas blocks in a
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requirements of tha 1) S Elarflistofomngne example of an

mplementaiion which fulfilis the requirements of the USE specification. Thus, any
specific device for fulfilling the USB specification must have 2 specificaliy defined
and described architecture,
Unfortunately, no suck architecture exists for a flash memory device
containing one or more flash memory modules, which would snabie the fiash memory
_ device to connect to a bus defined gccarding to the USB specification and thersby to

form part of a USB system on a host platform. For exampie, U.S, Patent No.
5,799,168 does not teach or suggest such an implementation for the fiash device, As
mentioned previously, such an architecture would be particu}aﬂy useful for a number
of reasons, including low cost, ease of use and transparency o the end user.

There is thus a need for, and it would be useful to havs, an architecture for
defining and describing a fiash memory device which is compatibie with2 USB
system and which follows the USB specification, such that the flash memory device
counld sit ona USB-defined bus and communieate with the host platfonn through this



specific device for fulfilling the USE specification must have a specifically
defined and described architecture. Unfortunately, no such architecture
exists for a flash memory device containing one or more flash memory
modules, which would enable the flash memory device to connect to a
bus defined according to the USE specification and thereby to form part
of a USE 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, case of
use anttransparency {o the end user. There is thus a need for, and it
would be useful to have, an architecture for defining and describing a

flash e @&?a‘ﬁ’éﬂ@%ﬁ Smpatible with a USE system and which
follows the USE specification, such that the flash memory device could sit
on a USB-défnet i Camitinors ditrrameofathathie trod rp HEB ok dhpetigh
this 6 $u&uBrie Deggi Lion of the Drawin s FIG. | is a schematic block

diagram of a-fiackerounghL HRESKER PACKe] structure, FIG. 2isa
schematig block diagram of a backg?éb%f%nd ﬁ“é‘%’ﬁ“&%?a{ %ggk% 2 Bftidture:
FIG. 3is a schematic block diagram of a background art USE handshake

data packetf¥trdctir&obprafichiecadscieniti bioloskutiagranp ohaihake dat
exemphakytbaskground art USB device; FIG. 5 is a schematic block

diagram of gysystennwith.aflash WSB device functionality according to
the present invention; FIG. %Iﬁis% %s{g%g?h%‘tfi@ BRSER A B Bt

Flash‘disK? FIG. 7 is a schematic block diagram of a flash identification
request padiéx; S I GscBeisaticstive iatianbloeldiagram SHiaflesh device
ide_ntiﬁmﬂmﬁa&&ﬂﬁ@%@%e%}@m@iﬁ&é&?ematiC block diagram-of a flash
Write requegtRacket, . e biock diagram of the USB Flash disk:

FIG. 7 is 2 schematic block diagram of a fiash identification request packet;

FIG. 8 is a schematic block diagram of a flash identification status packet;

FIG. 9 is 2 schematic hiock diagram of a fiash write request packet;

FIG. 10 is 2 schomatic block diagram of & flash write status packet;

FIG. 11 is 2 schematic block diagram of 2 fiash read request packet;

FIG. 12 is a schematic block diagram of 2 flash read status packet;

FIG. 13 is 2 schematic block diagram of a flash erase reguest packst; and

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

Summary of ﬂm Invention

‘ 7 Example embodiments of the present mvention may be in the form of a flash
memory device, containing onte or more flash modules, in which the flash MEmory is
mapped to the address space of an ASIC or a controller which has 2 USB-defined
electrical interface and a USB-defined logical interfa.ca. This controliet/ASIC
{hercinafter termed a “controller”) supports the USR finctionality according to the USE
standard, thereby supporting enumeration onto the USE bus, as well as data reception
and transmission over USB pipes to and from USB endpoints. This controller aiso
supports the finctionality and control of the fiash memory device, as Well as the

proces;ing Qf command and data packets from the host



FIG. 10 is a schematic block diagram of a flash write status packet; FIG.
11 is a schematic block diagram of a flash read request packet; FIG. 12 is
a schematic block diagram of a flash read status packet; FIG. 13 is a
schematic block diagram of a flash erase request packet; and FIG. 14 is a
schematic block diagram of a flash erasé status packet. Summary of the
InventientEkanfietoshbodiie ntssofithe presepédaventianmaybe iadhed
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for coRPBRIRIF e USBdfefinedchud UikHofisending.and seeeilingss
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operation code
said USBon Graphics™; and ofher computers having some version of the UNIX operating

system such as ATX™ or SOLARIS™ of Sun Microsystems™; or any other known
and available operating system, wcluding operating systems such as Windows CE™
for embedded systems, including cellular telephones, handheld computational devices
and patmtop computational devices, and any other computational device which can be
connected to a network. Hereinafier, the term “Windows™ includes but is ot
iimited to Windows95™, Windows 3.0™ in which “x” is an integer such as “I”,
“Windows NT™, Windows98™, Windows CE™ and any upgraded versions of these
operating systems by Microsoft Inc. (Seaitie, Washington, USA).

Detailed Description of the Invention

The present invention is of a flash memory device, containing ons or more
flash modules, in which the flash incmory is mapped fo the address space of an ASIC
or a controlier which has a USB-defined electrical interface and a USB-defined Jogical
interface. This controller/ASIC (hereinafter termed 2 “controlier”) supports the USE
functionality according to the USI? standard, thereby supporting enurneration onto the



connector into read and write actions for said at least one flash memory
module. Hereinafter, the term "computer"” includes, but is not limited to,
personal computers (PC) having an operating system such as DOS,
WindowsTM, OS/2W or Linux; MacintoshT™ computers; computers
having 3AVAIK-OS as the operating system; and graphical workstations
such as the computers of Sun Microsystemsl't and Silicon Graphics', and
other computers having some version of the UNIX operating system such
as AIS"T* or SOLARIST' of Sun MicrosystemstM; or any other known
and available operating system, including operating systems such as

Window GEIM Hfar ambedded systems, including cellular telephones
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any otfEP LB pHABRUI tabrcummmie e incsensdisnid st dbostivetesbrk.
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packets frofdhenbiost antielien JihehnskeonilerySREAnE.ahageral

possipleRERLPEISHSither standard, or. proprietary, to signal the next
commipd to he peurformgd, to Ih%%dgrg%é?s tgcrggr%/% 2 TRIZTRE antis

device AR R FoREIIRaN D et amRot e sl vinas vokite Blorage

devicysiative nesepl anfo amt 4V hilerthetintentisinks susceptible to various

modificationstaitk Gan lesdaplRBeRIRHUSIY AN AIRMANS.OIMS, the

em b%ﬂ‘%&iﬂ&&ﬂ? 92 H%}\}N &%ﬂgj—y device and sysiem according to the present
invention. A flash memory system 42 includes a host platform 44 as shown. Host
platform 44 operates USE flash device 46 as a non-volatile storage space.

Host platform 44 is connected to USB flash device 46 according to the present
invention through a UUSB cabie 48. Host platform 44 connects to USE cable 48
through a TUSE host connector 30, while USB flash device 46 connects to USB cable
48 through a USB flash device conmector 52, Host platform 44 features 2 USB host
controller 54 for controling and managing ali 1ISB transfers on fhe USB bus.

USB flash device 46 features 2 USB fiash device controtier 56 for controliing
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 Qne.ﬁash
memory module 58, Fiash memory module 58 is pxﬁfm‘ably an érray of flash memory

moduies 58 in which the data is stored.

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



example in the drawings and will be described in details in the following
pages. It should be understood that one of ordinary skill in the art
appreciates that the present invention could be implemented in various
other ways. The intention is to cover all modifications and alternatives
falling within the spirit of the current invention. The principles and
operation of a USE flash device and system according to the present
invention may be better understood with reference to the drawings and the
accompanying description, it being understood that these drawings are
given for illustrative purposes only andare not meant to be limiting.
Referringaawsg mﬁﬁ%@g@&&%@ a2 hSegmate block diagram of
the main. QmpRReNLS fa I%%h %mor device an s_yste‘Pn according to
the present Invention. A Taeh manmsRIeysterrasmiseisaedt Vs tptatiorm
44 as SRRH- Hiaqu dees rreaneendfates WSEE Ashdfigomd G SIS msh
Son_-vdlartble481ﬁrﬁc_ge;ﬁﬁaﬁes dtentiplatiowmy éﬂﬂﬁpg@gg&ﬁgeg S{,(é i%i%ﬁﬁligf,l %gh
evic q t esent invention through a cable 48.
Host E%:%ﬁ%@%%?ﬁ r‘%In):}*tagntgc()!i U a%éé{ftezm 4:% %ﬁrﬁ’tﬁ%ﬁ% B Rghpd in
conne@b“P%B%‘WﬁMSﬁ%ﬁwmmﬁmum detite 44 Brough
througheedsB:fHeh redice ¢omrecitrsBiliastplaifanmdd feakes a

USE hasgloisqeiteler adnias cantoling 8 ing all USE transfers on
the U%ﬁtgu§.bUSB ;J’ggh%ivice 46 featugr%dslpé% %%ggﬁé}éﬁu%} ai‘f:}{(ae"tf:f‘)rﬁtroIIer

56 for contgroﬁllﬁéec&e other components of USE flash device 46 and for
providing aRIFHEEE fthemEt fiasied dvic 826 AasthievitS Bs buseddiBE flash

device-pennedios H2/anddat toasiens: flashnfeeman PodtsRa- Flash

memg| i ly.an array of flas mory modules 58 in
R S e

whicl‘k}#}geé}d ta is stored. Whenever _

connected T8 RBEESadbin %aicacy tesrirgid YBETemarmalsliSrspfodess
takesprTeler §5 this préoussyvost praticom wkén eoafighresdSEfasihgdexice
46 anebihe: maske oteormmunicaion With.LISE flash device 46, Although

there j %raentme.thodsf onfiguring USE flash device 46, for
the pe Aol IRB i TP eyt

preseRTTRVERTGH R Skplatregsrogretior detaibiiaibinewithereg tush tocaory
- methaedrieichntiesb tatigrmadéuisahe sieRMMANASAPL8RULSIS 10 WISE
flash-ggy iﬁﬁxﬁ@f&h@ﬁgﬂe, Fiash memory modnle{s) 58 are also conpected to USE

~ fiash device controlier 56 by an address/data bus 62. Address/data bus 62 transfers
commands for performing read, write or erase commands on flash memory module(s)
58, as well a5 the addresses and data for these commuands as defined by the
manufacturer of flash memory moednle(s) 58,

. In order for USE flash device 46 1o notify host platiorm 44 on the result and
status for different operations reguested by host platform 44, USB fiash device 46
ransmits status packets using the “status end point”. According fo this procedure,
host platform 44 checks {polls) for status packets and USE flash device 46 retwrzns
either an empty packet if no packets for new stams ﬁmsages are present, or
alternatively returns the status packet itself, :

A more detailed structare of the functional componenis of USB fiash device
46 1s shown in Figure 6, USE flash device 46 includes the physical and electrical
mterface defined for the USBE standard, shown here as USB flash device conmecior 52



one endpoint. Host platform, 44 queries USE flash device 46 through the
other endpoint for status changes, and receives related packets if any
such packets are waiting to be received. Host platform 44 requests
services from USE flash device 46 by sending request packets to USE
host controller 54. USE host controller 54 transmits packets on USE
cable 48. These requests are received by USE flash device controller 56
when USE flash device 46 is the device on the endpoint of the request.
USE flash device controller 56 then peg)orms various operations such as

readlngrlqu riting or erasing data from or to flash memory module(s) 58, or
suppoftif§ 1EErEy BEefartctio MR izt ds: devicerenussyaiing dwglical

configsiguibriron SEH| esbiic dB vilenceniso URER6.CORURIS Sagky 'Eb%%?lre\é (oot

modul s 8 PMMS to control the power of flas
memoy nx%néod le( Bfgﬁ%;f?%&g;l%o% e‘%rio?{'fgt"ln arloueé’t%ﬁﬁ‘egf%?&’%?é‘ﬁ%h as

chip ena A an’aa RS Ry R R -dxBarbhes, Ficistatenieiscould
modulE‘(§7"SB’ Br@dla doimdéted to USE flash device controller 56 by an

address/dataaﬁu@@anﬁamga@c%%@gﬁzsﬁ mTands fof;cﬁ
perforggmlggﬁlqmcglte or erase, c mmands onf ory module(s)
58, as well as the addresses antYATa ’Gﬁﬁf?ﬁ?aﬁ?déé@ééwﬁbd by

the maRTrsErsmsrifadly H?@Mmmmcmmm WSE fash
devicenssfigimtifyloptplatiyassdbaniieeadiand-stapsiondiftrent

operaﬁg@@a{mg,g@gmt%m rm4 flas ewce 46 transmits
BRI K é% l%,%cléc% ef%cfh & VhsEature,

status TP fI:%eft %Sﬂg the ' status end poin

host p attorm A4 ¢ CRETPBRIP iAot he parkeslationtd tiSEumshpliesice 46
returrfé Eithetsh Aesindly o adket dishacpaciets fiat me%hﬁiﬁfék&meﬁﬁgéﬁeﬁre
presemigiets aﬁﬁiﬁﬁi&ﬁ&l@wmﬁeﬁ}ﬁé%@@%@t g A m II&d

struc nal ts of USE flas eV|ce |s shown in
Flgur%ll&?%%tlli%‘l%ﬁi %%\7?&%%0 mc?t‘fa L ferBidies ﬁhae&@&ﬁ @af allocate
interfACR ETiE Y 512 trde (andumbSBiowTherdasitGhntashde viae

connémpIB VB tmdaudonnestorinier faaifdibhaE s HRMIGLUSE fiasy
conneetis p2He6eives the electrical signals from USE cable 48 which

carries ele%ggﬁaﬁsﬁ als f{gm host controller (not shown). These signals

are then passed through ConnectBr B ARRLSAAn paglsty/extractor 70 which
extracts the application dats and commands from the USB application packets, such

that application packet extractor 70 supports only application related packets. Next,
any requests to USB flash device 46 by host platform 44 (not shown), in the form of
read, write, identify and erase commands, are interpreted by an appncatmn command
interpreter 72. For any commands which involve data or an address, such at read,
write and crase commands, an address resolve module 74 translates the address from
© the logical address space to the physical address space. Host platform 44 {not shown)

relates to a hinear address space of logical addresses, while USE flash device 46
contains at ieast one, and preferably a phurality of, flash modules 58, each of which
has a physical address space. Thus, a translaiion must be performed between the
logical address space of host platform 44 (not shown) and physical address space or
spaces of USB flash device 46. Thers are many ways o implement such  translation
which are suitable for the present invention. Ons exaimnpie of 2 snitable

impiémentation of an address transiation method is described with regard to U.S.



millisecond, a USE frame is carried on the USB-defined bus, such that
packets could be sent to USB flash device 46. Connector interface 64
then receives these packets through a first interface component, which is
a combined physical and logical interface 66. A functional interface 68 is
specifically designed to receive token packets as defined in the USE
specification and as previously described with regard to Figure 1. These
token packets are related only to particular functional aspects of USB
flash device 46 which are required for the, JSB standard, and do not have
any relatigé}et(%ﬁartigular application of USB flash device 46 as a flash
disk accordi Ry 16 tHE pif e SHVIAVEN TSP TRsS MtoitarncpackiditardihBifereis,
respectiviehirres dateibod Ghotempinplentd BARSY) SONHERHAID 4N Oich i«

shown) anﬁkda&&hﬁg&farm%@gg%&%g\@)&%gdentify USE flash device 46

and allocate r?\s&tgarégrﬁnfor %JSB lash device 46 on the USB bus. Thus,
Bisiy Japiot s Aetenaltyyrestied dontiasds, and

functional interface
identificafiStieaing tre gistrmbophhud Gibaf and devics 46 %th%m.p%g-ss,
&

USE flasbggeniae 46 %?af,%p application packet extractor

which extracts ﬁlema@élicatgégﬁjgaﬁtgg@r%gg %—r%ngﬁgngﬁ%%%g@nd
application packe s,ogﬁé?p{ﬁﬁ.‘f%ﬁﬁmﬁﬂm}%@t Exteteiondier 36 ppdEress
0 gl)t/) aﬁpﬁaﬁgm&t%%ﬁ;mmng%W%ﬁ&@%Q%&ﬁ@
46 by ho#t pletfeyreadd- trat sDOWR 1% Jead, write, identify anc
erase CoguANgs. ale interpr%ted by a%\&aqgﬁcl{i@étgi%n %%ohm&rr%rneg "%fﬁ’?)%f@?‘

72. For any commands which involve data or an address, such as read,

. write and era&é%cﬂ‘ﬁ&ﬁ?ﬁﬁﬁ%?@ﬁkaém@ssmmmmmasm

| addressstonpatties Guicaisadiseasepanaiedhenhysical.address snage.

Host platfessAd faetshoyn.delates to a linear address space o?'logl al
addressggmhile USE flash device%%g%c‘éaﬁtg?ﬁ%"%tt 13 B Bigtom, the results

preferably a piuraiity of, asr e direE! e 44 mdrvamichs hassaophygical
address*SPate e correamd g tonpacitst e aiasma ROHMBRNINE words

logical addresswepace ‘efhiost aHeiRd4.(n %Q&OAMBE%‘BQSP@%A% e to
r

addressisipass: o SRAGES.2F LS8 flash evice 46, [ here aré many ways
to implem%lt such a translat%gﬁscmwda?’g%s&ﬁm@swm% Presusetatus

invention. One exarmproFadintisies fhptommuiotiotiotasaddsess writs

translatfSiPHietkd i ised ésdiiBethstitevieges ekl Sdh platforn 44 about the
result of the write command, for example whether the command was successful or
sironeous, 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 fo read,

write and erase the flash memory device comtrolled by the controlier operating MTD
78. In addition, MTD 78 optionally contains an idsniiﬁcation routine for recognizing
the proper type of flash memory device for which MTT 78 was designed, so that the
controlier can determine which MTD should be activated upon interacting.with a

particuiar fiash memory device array. In addition, an idenfification routine shonld be

_ able to detect the size of the atray of flash memory devices, inciuding the number of
flash memory devices within the array, and various features of the flash arvay
Eeometry, such as interieaving and bus width, This information later enables host

~ platform 44 platfonn to determine the address space and size of the storage media,



Patent No. 5,404,485, previously incorporated by reference as if fully set
forth herein, which teaches a method for managing a flash memory as a
flash disk and which is suitable for operation with the present invention. A
data handler 76 handles data related aspects of any received commands,
and conveying the data through functional interface 68 to and from flash
module(s) 58. Optionally and preferably, data handler 76 performs any
error correction and detection methods. Application command interpreter
72, data handier 76 and address resolve module 74 all operate with an
underlying Memory Technology Driver (M*#D) 78 to write, read or erase a

particulatkadhtenicéu 78 mabthendes Erehaddie sy o thal Hashnodule,

58. Host gilaktpumddchesksdql.siatus changes in USE flash device 46
and reads staElJJs g%%k:%ts from USE flash device 46 when anew status

pacis available; Using U SeHhee maoReld gskitnanp, brsyiveaGaciman

transmit, RS FREEY Brattot v, amdioativuvdiafidiferenhaommands issued by

host platfarmwdninrts sepuesisatshaun), BQL.cxample, fhe re al%tfonnﬁiti
c

command,siafls packet coptains one of the available status words “Sut
as "successwerror" or "Invalid adarass® RS s ez

to deterfiie e BB iRBkdRE e evirrpbintiotshowsty. Gimibatly,ghe
erase sttt PackétdeBatains a status word indicating the completion of

the erase process, AMpite rStRSRRAGKe! is Use USE flash device 46
to notify o ult of t(é?vtg%l eI\t tats o)

ol’ﬁk%%goggs A4 about the res _
example Whether the Commantivas SicEst debsievistremening, tafi prosent
whether USETi&Frefebréarsrisaaapéoraesitionabmiipg easestsmfiom
host platfadine4dd abligmersherlinolRgDEYELQLMERAS MRICAUY ipou
containggerines §9 ifx%ﬁ%g Jvrite v<§,1_dr1dt§ras,e the flash memory device
controlled bg/ the controller operatirig Wﬁr‘pﬁy WA dah SRRt ey greperay of
optionalfy ¢ _?ﬁﬁ??fg‘%mﬂﬁﬁﬁﬁ%ﬁfwmé féMioo gizitiy ahizepropelatgpe
of flash #irowideticiefbriwhicks MTBoR$MasOasioRed s hal ifoses.
_controlIe&m&ﬁa&w&ﬂ&ﬂ&h&&b@@é@%'ﬂa?&d@%&'é’%&ﬁ?e“ﬁoop atform are
interactigg.yith, %Sg%rn%}:uIz%éreflast}1 memory device arggy. n aa_cﬁ{lon, AR
identification routine Should be " S151& T8 HETEE rusd s B it Beralisrrresh
* memory BEHESE tin ittt gitre adibieeoifiashivatimbs B dsasheitbin
the array, andweviousdestuiesanihe #osh aoystem according to the present
invention is as follows. When the USB flash devics is first copnected to the host
platform, the USB host controlier assigns an address to the USB fash device on the
USB bus, and alsc assigns resources as described in the USE specification. The USB

flash device actually asics the host platform to assign these resources, and must inform

the host platform how much of these rasources are needed. Thus, the UUSE fiash disk
can optionally support slower device speeds if the USB bost platform has already
allocated resources to other devices,

The USB coniroller aiso negotiates with the flash modules and determines the
size and manufacturing type of these modules. The controlier then builds an
identification structure bolding this information, as well as the translation table and
logical address space.

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

plaiform often uploads a2 USB client driver. The driver igsues an identification request



geometry, such as interleaving and bus width. This information later
enables host platform 44 platform to determine the address space and
size ofthe storage media. 12 U.S. Patent No. 5,799,168, previously
incorporated by reference, discloses an example of such an MTD for a
flash device. Using the above described protocol and architecture, host
platform 44 can optionally implement any application which is
implementable with any regular memory mapped or 110 mapped flash
memory device. For example, host platfprm 44 can give a standard block
device interf?ce to each aEJpIication, such as a magnetic storage medium

"hard GPER G PeRE S s SRERIThaapTaibe sep el in BEruie™ Patent No.
5,404 Sgsifipes crdeix arioeStf shoprafefigd=c Hdeaitfienton it (sesanins

inventim, iz PRy atiereh ados, 5YalemeopReied B A MeR MRS Fre
devicezgfa%grgéngogo 5@&&5&%‘3@& A%”aﬁi%is described with regard to%ﬁe
processes 0 identifying, programming, rieglgfﬁ'g OPREPRPR SRG TR Fsetion
devic&Eoth BT BLde! TGS ftiom iR Reshodevith owtiinialdifigrionbe

limitindaimpaskendynd hemieriplanpmakisidis oh Hevigadiospmanayel two
flash mpman.Rodies eapf which is 64Mbit in size. The address
translation Itgllcéle is within the flash device so that host platform operates

- with logical RETREEEEE KB ArHR A e fiah Sotredhspemées the flash
devicéigmidianiondss pickebbn shewn coFiEed: 6n I SHitatapieckeissiand iare
e e M%Ei ib %mlg%%s ificati gbgr‘f‘ﬁt@‘g&%g&gs’ f
p1pes S SCripe t specification. e op_eratlon 0
the ex%gr#p# %Qgé%?éagha%aﬂ?y%%%fr%gdaggbar%?ﬁgi f%‘fﬁ%“ﬁ?’ggréﬁkimfh‘%ﬁfﬁ)ﬁ ®as
followENAPRSTEER BE) SE Frsig the drsh methesy sormrsetethitstiditio st.
platform, théll$SEchesteoniaited ashigasasadsiassite. ek lash

device-an e HBERUS.BALAISAASSIONS GROUNSES BR desglibed in the
USE gpecific tE?xthLTch? SES lash device actually as s the 10st platform
to assign tese resources, and st s are-REz bbb BheaEh

of the¥@ 5296 s drs Hedd belrapimisethBgSEdlesiulbiskooandptisnatly

suppast Bsmenedidcesspeamnihiiie jdHE nestistiormbasaleation

Er e

_ vers can start 1ssuing read and write commands to the USE flash device with the
application commands, When a write request js sent, 2 USB data packet with the
operation code for the “write” command, and the buffer containg the data, is
transferred to the USB flash deviee. A write data packet 96 is shown in Figure 9,
which again inciudes the fields shown previcusly in Figure &, except that write data
packet 90 also includes a write fieid 92 with the “write” operational code; an ADDR

" field 94 with the logical address to be w:*iitén; a LEN field 96 with the length to be

written; and 2 DATA, field 98 which contains the actual data 0 write. The packet
extractor sxiracts the operational code from writs data packet 90 and transfers this
code to the application command interpreter. The logical address is transferred to the
address resolve module which transtates this logical address to a physical address on
one of the flash modules. The data handler optionally caleutates error correction and
detection mechanisms if employed by the USB flash device. Onee all of the flash

~memory modules are ready, & “write” comrmmand i¢ sent to the flash moedule or moduies



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 USE host controller
identifies the USE flash device, the host platform often uploads a USE
client driver. The driver issues an identification request 13 command to
the USE host controller, causing the controller to transmit an identification
data packet 80, shown in Figure 7. Identification packet 80 contains PIID
field 22 and checksum field 26, as described previously for background art
Figure 2. Identification packet 80 also ¥ontains an "identify" operation

3235:3@\4@@ gﬁm ﬁl’gvé]gfgh mid%tg Q an:é transf%r%,g #légh (%gﬁ)%%ftliﬁsgh
code %fetgea%i%entify" comrtggbr%d togt e ﬁ?ﬁ%&%ﬁbﬁ%’éﬁfﬁ*{&‘ﬁa SRS, In
response 16 TR iRk cammrrsae fiehmeashvidoite UiBrisemdsmnlier.
identifieatibin WatetipaisienBiticsihdwsainshiguseiS=tadditionierhafields
showaefithe bigition’s identificationdaia Rac 4 also ains information
aboutydhg sizeof the flash device in a flas%lﬂ%%?c%asgfﬁgg) rf}}éfc? eé’éc,aagg‘{fvrelﬂ as
information about the size of the minimal erase unit for erasing the flash

memory in AH@asashoaalicisnies: o terpackeots: ceseibed-hads
exam@we}mmW@smﬁigh@@s%g@ ek cjgy&ﬂ@g{p re

each Qaia packeatis.a6n token packet is transmitted, Instructing
the USE contro(!gl[%r as to%af%éig(?e%tlatsys%? & §&E g pethetgaitd e

data packet SHEHE bE fAIERTREHIUisiH S Fredsiubiabentiodsahdbetus
packétckerdrsedbsimimrissuds ald SAGIE Rackatas desetbed in the
USE spesifieation; Gree:ie deyicssess in s fost platiorm receive

this 45 Ragkeldng, dri %sxg%nlstag Issuing rea ancia Wiite commands
to the USE flash device wi fRamal5 St SaSrresmndaTis renme B fisl
requdsfis SENEHAISE erdtalpribkbesumititme opevaticfeacadathegwrite”
comsmeind ndkthis dusfer eontaining the data, is transferred to the USB
flash devicg, H-wHtg £ k is. shown in_Figure 9, which again
incluges ftg}?}]gerlgﬁ,shogvé% E?&ig%gﬁe%ﬁ% &r%"é,i%‘%’étpaf%%‘fﬁﬁﬁffé“a‘éta
packet 90 also NCIUTEs & e Pl doo iRkuap & psient sidoratibiha ioodé:
“an Ai@clﬁtﬁn from which the fiash controlier shonid read in an ADDR feld 198. Upon

receiving this command, the flash controller issnes 2 read comerand (o the MTD
block, after the addrees resolve module has transiated the addréss contaimed in ADDR
field 108 toa specific physical address in one of fae flash components.
Wher: the flash controller receives the data from the flash deviee, either afier
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
platfom issues a read request and ieceives a “read stams™ packét 110 asshown in
Figure 12. Read status packet 119 contains the address of the read data in ADDR
field 108, as well as the lengih of the read data in a LEN field 112 and the data itself
in a data field 114. Read stams packat 110 alsc features the siatus word, according fo
which the operation was completed, in a status field 116, The read operation can be
completed with many different starus situations such as sucoess, fail, exror detected,

invalid address, invalid length and so forth,

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



field 94 with the logical address to be written; a LEN field 96 with the
length to be written; and a DATA field 98 which contains the actual data
to write. The packet extractor extracts the operational code from write
data packet 90 and transfers this code to the application command
interpreter. The logical address is transferred to the address resolve
module which translates this logical address to a physical address on 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 mbdules are ready, a "write"
commapriAt St iserehienflamshe modsepatken oy @S vhdin GORIAININGL D Sacket

physicaimddresseudaiadiagsh QRtianall SRILATASTARLS. han.one flash
modulg g, IQEAN'EM&%{%;{'{‘% I\[bTD block then issues a _'\ﬁrlte command
on the dataiaddress bus which cONREtTs e TRER Herds fsthonysier
device BBHSIRS logiirtaidres sperhrinliswo mmileéran drosiatiuBopaghed is
returneditssheds Ebhtastasuitief eieperalionisimpsniites -4he Hast

--controller amﬁﬁg&g& edeyicg driver in the host platform. When the
flash Wtrqjﬁlier finishes th% Writin pro?:zgrses?nfﬁg g%ﬁf%ﬁgfgf&ﬁﬁﬁcﬁ&the
a

host platiorm har the gtatt &g Setnlieraiéasdry aevibeidmas: new

ChangERBSRcist Hidhsdy 4o weriteis StusbpatkeintdBxas showaxs: Rigure 10.

In plapesod datadialst glie atatus BakeLA00 GOUIANS. 3 Sals o),
as

102. lat the status  packets from the memory
devic%%?ﬁo%n%g %r?%%gép%%%&%ﬁfﬁﬁ%‘ﬁ&ﬁ Pl fesh i relrmgce

_ infornaliSAB RSB ThetaRsspndnafiovdsinisite opnutiane:byorgiadinig
statugfieided 02 dnrthid@xample, the flash memory device repeats ADDR
field 94 and LENT field 96 in order for the host platform to have a
reference to the ﬁgecific_ command related to status packet 100. As
shown in Figlre 117 BrepiRsey Patiiedievsdesmiption ersrivsnisiivaloperation
code TSR red drew it antedeanfield 4O antihedegicaaddress
of thesaesitrtle fpeaticnviiam which the flash controller should read in an
ADDR field 108. Upon receiving this command, the flash controller issues
. aread command to the MTD 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 receives the data from the flash device, either
after the read command was issued,.ogif 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 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@gthe 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,
accotding 10 WHiIdHTh&' BpEratiorcs s commsidtede in BSStekiesiciysthe fash
Themeadropstationmedasidee completed with many different status
situations %cah as success, fgil, error d]q_tected, invalid address, invalid
length and 'so {‘ortﬁ.o\I]\?heh tﬁeiﬁé\éfnﬁfgﬁbrm needs to erase an erase unit
in the flashlidevigeglthe:lkcthosiplatidrmisseanan "erasetafiest: packet:
118 in.Fi This packet contain "erase” operation code
i o St el T A e i U O bR
fielrnPEcepem ek eliing sadieta treyd st thed fléhdsdnediler atrénslates

the logical geldress toARNysicaberaseraltaddress.on.ang.af the Rhysical
address spaces of the flash modules, and issues an erase command to

the RFFD) BIJER! THESS AL SEasyyarbraiiytakedthioreasinastifier aneady

Or Wt s e8serdiMbe R TS £F aSeHiosRas i fnished.the sonraller being
notifies the host platform a new status packet is ready to transmit. The

contPONSH tHE 8 B 14 SNy 58 SRSIE S PRt e 3410 S8 S PR Pigire
34_dorasestatuspacketi 24cortbiomiberaddiessiofthe carased HBlR as
ADDR field 122, thereby providing th t platform with a refere‘nc’e to
the 8?5%5%&%%5%? tee}ﬁs é%s%c%:‘be?gﬁgﬁgﬁ? hh BIsEFsLBITWEY! USB
compilatethisniprevided imie staitus fielshid 26t swilldhiappeecigted dhiattaen
aboygfesaRlAng A% NisAded.an 1@ Renie 201 CXAMIES. AN R o,
many other embodiments are possible within the Spirit and the scope 0
the présehtevyention. rbesicidtis s nouSB ek nedrotydevic8adrmemory
conpggting to a USB-defined bus the flash

2. A USB flash memory device for connecting to a USB-defined bus the flash
memory device comprising:

(a) at least one flash memory module;

(b) a single connector adapted for connecting to an external device that is a
USB connector adapted for connection to an external USB-defined bus and for sending
and receiving USB-defined packets to and from said USB-defined bus; and

(c) a USB controller which mterfaces with a host over said USB connector
which at least carries out one of reads and writes to said at least one flash memory
module in accordance with said USB-defined packets,

{d} a housing enclosing said at least one flash memory module and said USB
controlier, which housing said single USB connector crosses,

wherein said controiler comprises a command interpreter which is adapted to
interpret read and write commands received as operation code extracted from received

USB-defined data packets over said USB connector into read and



memory device comprising: (a) at least one flash memory module; (b) a
single connector adapted for connectih to an external device that is a
USB connector adapted for connection to an external USB-defined bus
and for sending and receiving USB-defined packets to and from said
USB-defined bus; and (c) a USB controller which interfaces with a host
over said USB connector which at least carries out one of reads and
writes to saitatdeastioneiflaskanensdiashmecute imdadecandaneedwithrsalder
USE-defingd packes, WOGISIA SRIAARICE [ a08 AIOYIAPAAS A dofined

integral unit with said single connector and said controller comprises a
command Mtseprater ahieerisdarp e drodieysreltsrehel ke weiftesh memory
commands,gggived as operation code extracted from received
USB-defined data packets over said USB connector into read and write
actions for said at least one flash memory module and an address

resalver madute whishisdapteddadransiaigna logica mdenress from.saidn
USB- defined packets into a physical address in one or more of said at

least BHEFESH HTEMER odule. 2. A USB flash memory device for
connectingdo:adasbB-afinachus theileRsh memory device comprising: (a)

at least one flash nory module; (b) a single connector adapted for .
oot ) S S B BRI s«
conhéttionuiwtanzdxtednal USBdefinedbusmand foB-demdihguand feceiving

USB:defined packeiso apd from, said S Badefined. hus: and,(¢) a USB

controller which interfaces Wlth.a h_ost over s_aid USB connector which at
least carrid® dut Bheodistsvaish Wistéseo SElidi s 5o radEHSE rensory

mo%ﬂ%ﬂrh@&ggr%@&ee\ﬁ{i%§%igrg§§ﬁg@m 9@95@@@ @)staoﬁplf'l%yﬂgnemory

enclosi&c};3 said at least one flash memory module and said USB
contPfiEF, WHRATABEIRG s At sthgte'tios darfsetbherdssed, diHerembsiig
conpiellekcamarises:a eammand infaan etanwhichhissadapiedite: intgnpeat,
read and. write commands received as operation code extracted from

recEVBE Y SETHEAR ST Gats PARKES BUBPSHIF LSS KoKaaBrAts ey’ «

andopdration code extracted from received USB-defined data packets over said USB
connector into read and write actions for said at least one flash memory module and an
address resolver moduie which is adapted o translate a logical address from said USB-
defined packets into a physical address i one or more of said al least one flash memory

module.

4. A USB flash memory device for connecting to a USB-defined bus the flash
memory device comprising:

(a) at least one flash memory module;

(b} a single connectér adapted for connecting to an external device that is a
USB connector adapted for connection to an external USB-defined bus and for sending
and receiving USB-defined packets 1o and from said USB-defined bus; and

{c} a USB controller which interfaces with a host over said USB connector by
providing a block-device interface which at least carries out one of reads and writes to
said at least one flash memory module in accordance with said USB-defined packets,
wherein said device is being provided as an integral unit with said single connector and

said controller comprises a command interpreter which is adapted to interpret read and



write actions for said at least one flash memory module and an address
resolver module which is adapted to tt&nslate a logical address from said
USB-defined packets into a physical address in one or more of said at
least one flash memory module. 3. A USB flash memory device for
connecting to a USB-defined bus the flash memory device comprising: (a)
at least one flash memory module; (b) a single data connector adapted for
connetirigciocamenddratidevicetbatiis sodd 5B eaameciotadaptetifokined
con ion.to an external USB-defined bus and for sending and receiving
S e e P AR St S e o G
confrefieprspiicterdrfaces with a host over said USB connector which at
least carries out one of reads and writes to said at least one flash memory
module in accordance with said USB-defined packets, wherein said
devite is bEIRY PBrdetiewae viriiteared ding withy saasingté.connector and

said controllgEcRMRnlsesas ARl dnterpraisrwhich.is adapteditas ang
interpret read and write commands received as oaeeratlon code extracted

fron FERVEY 1SS AN AL FACRMEC VIS rSB dnTsatiopaitE SB
readeandimitacdctionsiforsaidiat ieastons dashaemenaduleiand,aniq
addgg&csgsressolver module which is adapted to translate a logical address
from said USB- defined packets into a physical address in one or more of
said at least one flash memory module. 4. A USB flash memory device
for gconnecti USB-defined bus the flash memory device comprising:
(a) g't Ieasc:[fEI ger?g as as?nlg%ng ry %rﬁ‘élaﬁ 'flecf:%%mé sing iénr(r‘,%oﬁér%’grg 37123 Aptedr RSt
conféctifily torameesternaidaver thatiba 4w BicOaricotoradaptet: farl said

conpeetionstoian exiganal {sBrAefingd bys and.farsending. a%guﬁ%%g'vw'
USB-defined packets to and from said USB-defined bus; and (c) a U§%
contisl et irdiliritcastssikitndime st svd skt usBled mrettorbydule.
providing a block-device interface which at least carries out one of reads
and_writes to said at least one flash memory module in accordance with

said USB-dBfiNSY Hatdataion Hersmiestl e e Belrigiprovided esrannd

integraktuditwith-saichsiogin CONNERIAranth: least one flash memory module and
said address is a logical address for reading said data, said address resolver module
resolves said logical address to a physical address of said at least one flash memory

module.

8. The USB flash memory device according to 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 USB flash memory device according to claim &, further comprising:
{f) a status handler for receiving said packets and for sending status packets

concerning a status of said at least one flash memory module according io said packets.

10. The USB flash memory device according to claim 9, further comprising:
(g) a memory technology driver, MTD, for receiving a write command and
physical address of said at least one flash memory module, and for performung said

write command to said physical address.



said controller comprises a command interpreter which is adapted to
interpret read and 18 write block comifiands received as operation code
extracted from received USB-defined data packets over said USB
connector into read and write actions for said at least one flash memory
module. 5. The USB flash memory device according to any of claims 1-3,
wherein said address resolver module is adapted to receive said packets,
andl for re$olvingradeie ssestontaineddinanid packets; saidaddiessesms,
bei tt id.USB._controller,.such that said read and write
corﬁ%%% ssglégsgffeorar%seés écf%)?{a?ﬁﬁat% %tfé?a[ 1%?19%%25}13@66{} thvé)% SRRtk
merfredenied Brscording to claim 5, 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
resdiver mbtfuldSe dbifegeaniy dryical aseelins to enplvsiabaddtasscfims,

said-atleasiionsash-meman,madule .f . The U dashmegmory device

according to claim 5, wherein, if said command is a read command for
reading data from said at least one flash memory module and said

address isTdogiralfagdiesscior deading.saig dalansald Addressi#eselves |
mode]Ie .resolv%%gaid Io%ical.address to a physical address of said at
least One flash menary “hiodtiePE THE"t) SEHALSA RETh ST HfEcd to be
accerdingftorctaien&kéurther comprising: (e) a data handler for performing
an error detection and correction routine for said at least one flash
memory module. 9. The USB flash memory device according to claim 8,
furthér comprising: {frla statoy handierdor degeivimg sdichpaoketirandafor

senging-statis PREKETS ;CQIERINING,A siatus of &%i%%&lsggﬁa%ﬂgshmdes

memory module according to said packets. 10. The U ash memory
deViEBARRETHIFYGE Tham D lIRs Hbies oAEH€ingi(e)-a memory technology
driver, MTD, for receiving a write command and physical address of said
at least one flash memory module, and for performing said write

c orﬂlﬁn and ?BSSEI%Bp%Czapa%rélggpﬁgccording to any of the preceding claims,

comprising an address/data bus interconnecting said USB controller and said at least

one flash memory module.

16. The USB flash memory device according to any of the preceding claims,
wherein said USB controller comprises a Memory Technology Driver {MTD) which
negotiates with said at least one flash memory module to determine at ieast one feature

of the flash module geometry.

17, The USB flash memory device according to claim 16, wherein said at least one

feature comprises a size.

I8 The USB flash memory device according to claim 16 or claim 17, wherein said

at least one feature comprises a manufacturing type.

19. The USB flash memory device according to claim 16, wherein said at least one

feature comprises a size and a manufacturing type.



if. The USB flash memory device according to any of the preceding
claims, wherein said device acts as &bynamically attachable/detachable
non-volatile storage device for said host. 12. The USB flash memory
device according to any of the preceding claims, wherein said USB
controller is implemented as a single integrated circuit. 13. The USB flash
memory device according to any of the preceding claims wherein said
USBlcontréliek Fitdipietsrwitedeoremands afteciextregtiigrdatatodoermined

writfen Jﬁgr@p%qi@g 9&8‘%@&%11313% QI%IILS{%BO Jggﬁ% g%)g&g{é/s Sdsevice according to

any of the preceding claims wherein sal us is connected to said
host and wherein said host provides commands to said USB controller

using a stafdardpreiacaleday, e IR Jash memony-devige.aaaerding to
any of the preceding claims, comprising an address/data bus

inteV 6T ctin YL O SB XarhFoIfersaif radialsr ivastcomera g Heterea!
moehlerd6. The USB flash memory device according to any of the
preceding claims, wherein said USB controller comprises a Memory
Technology Driver (MTD) which negotiates with said at least one flash
meniory nitdulsordsteismine atleastangfeaiwenol theiftash moduleined
georg%grc\éy% . The USB flash rpseaggcg%ldo?l\é[ce according to claim 16,

I 11ite 1 . .
whéréin said at least one teature comprises a size. 18. The USB flash

memory device according to claim 16 or claim 17, wherein said at least
One; ealure GO HE AN AAINGINRS. 10 L0 BB aRl ey
device according to claim 16, wherein sal ;fleast one feature comprises
a SIFECEHY i frantiacnsrifgypecp0 nRouiT henp SRsflashrafiond fadeviveory
accgrding to claim 19, wherein said determined size and type are used to
generate a translation table and address space. 21. The USB flash
memory device according to any of the preceding claims wherein said

conpector isatiashedionsaishcantwller fy acampinedRhysicallagicl said
Imegg]%%bmroiler further comprises:
(i} a functional interface adapted to receive said packets, such that if one of said
packets is a USB token packet, said functional interface acts on said token packet; and
(i} a packet extractor serially connected after said functional interface and
adapted fo receive said packets, said packets extractor extracting at least said commands

from said packets;

wherein said device is dynamically atiachable/detachable,

23, The USR flash memory device of any of the preceding claims, further
comprising:

(d) means for providing a USB interface functionality to said connector;
and wherein said controlier further comprises:

(1) means for extracting flash memory commands from said packets received
via said connecior; and

(1) means for controliing said flash memory means in response to said

cormmands.

26. The USB flash memory device of any of the preceding claims, comprising:

(d) means for providing an USB interface functionality o said connector;



21 The USB flash memory device according to claim 21, wherein said
combined physical/logical interface is3jart of said controller. 23. The USB
flash memory device according to any of the preceding claims wherein
said at least one flash memory module comprises a plurality of flash
memory modules. 24. The USB flash memory device of any of the
preceding claims, wherein said USB controller further comprises: (i) a
functiandlerate stat eoasks pied-tic:reaetvigesaid packets, such that if one of
said pack%gsaigog HSQ Jﬁﬁ%[é Ipack(?.t, staid funcﬁﬁio al interface acts on said
token packet: and (1) a packet extractor SaHam CoRHREeY Srapddigm said
functickeit interfatesand ectapted todeceive said packets, said packets
extractor extracti I ' mmands_from said packets: wherein
said devi(j,(g§ %Laadgﬁglrﬁﬂ%a?ff?f %%%égh%%‘fg?gg?iaafvgl? e,C %m"%ig ffgj%ﬂﬁfsfsﬁnemry
merfsH) detAtReBr ahsrsfoeprdeeding claims, 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 packets received via said connector; and
(i) means for controlling said flash memory means in response to said
commands. 26. The USB flash memory device of any of the preceding
claims, comprising: (d) means for providing an USB interface functionality
to said connector; 21 and wherein said controller further comprises: (i) a
command extractor operative to extract flash memory commands from
said packets received via said connector; and (ii) a memory technology
driver operative to controlling said flash memory means in response to
said commands.



ARCHITECTURE FOR A UNIVERSAL SERIAL BUS-BASED PC FLASH
DISK ABSTRACT A storage unit made of a flash array (58) and a
Universal Serial Bus (USB) controller (56) is implemented to be
compatible with the USB specification. The unit (46) includes memory
modules (58) which can accept write commands and read commands
from a host (44), and are erasable and ngn-volatile, referred to as flash
modules (58). The USB/flash controller (56) is configured to provide USB

functlonalltnd compatlblllty along Wlth common flash operatlons such
;‘.' Aoy fobly A .n.--‘.';". -..'g “' »I.» z 7._' LY RO '__ .l-‘ 1“A_ 1 !J a % p

A storage unit made of a flash array (58) and a Universal Serial Bus (USB) controlier (56) is
implemented te be compatible with the USB specification. The unit (46) includes memory
modules (58) which can accept write commands and read commands from a host (44), and
are erasable and non-volatile, referred to as flash modules (58). The USB/flash controller
(56) is confipured to provide USB functionality and compatibility along with commonlﬂash

operations such as programming, reading, and erasing the flash modules (58).

Figure 3



