ARCHITECTURE FOR A UNIVERSAL SERIAL BUS-BASED PC FLASH DISK Field and Background
of the Invention 5The 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 o information. Flash
devices include electrically erasable and programmable read-only memories (EEPROMs) made of
flash-type, floating-gate transistors and are nonvolatile memories similar in functionality and
performance to EPROM memories, with an addltlonal functionality that allows an in-circuit,
programmable, operation to erase pages of the memory One example of an implementation of such a
flash device 15is given irAB&GIIPEEHTRIDIGR 8988 HREAIpSERBA_Iyusiessite as if fully set forth

- herein. Flash devices have the advantagg-af;beigpelatively inexpensive and requiring relatively
little power as compared to traditional magnetic storage disks. However, in a flash device, it is not
practical to rewrite a preV|oust ertten area of the memory 20 without a preceding page erase of the
area. This limitafiggidchfl2 2 gim to be incompatible with typical existing operating

System progeams, since, Jeia,GABRRL G SRS AN AHEAAL LESMAMID g g device in which

data has previously been written, unless the area is first erased. A software management system,
such as that d|s@3§é‘3ﬁﬁtﬁf’§sﬁ§5@?ﬂﬁﬁ?¥rw 9 BSOS SRR e g9 3B #sich is incorporated
as if fully set forttvirexedn tis: legupiedoto: mdmpaipe UEspdwmetions of the flash memory device.

Currently, these flash memary devices haye @ second i E%I!I@tlgllgra\ggglcgéa‘} ttpfg&l{g%%t be either
gt

-attached statically to the host platform, or attached and detach ynamlca y using the PCMCIA

[Personal Compti&FTdfhahy eskr Ffmernatichsh Soxseh b WdrRseB & HAPRNENtations have
drawbacks, includimgneliffic ity b idasiecandt highctostcAimatesbisefit inplamematieadeanld follow the

USB standard, %ﬁe%ﬁ@k{%ﬁéﬁom) made of flash-type, floating-gate transistors and are non-

volatile memories similar in functionality and performance to EPROM mermories,

with an additional functionality that allows an in-circuit, programmable, operation to
erase pages of the memory. One example of an implementation of such a flash device

15 1s given in U.S. Patent No. 5,799,168, incorporated by reference as if fully set forth
herein.

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

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

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

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

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

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



2 the USB Specification Version 1.1 which is incorporated as if fully set forth herein. The USB 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 5 Corporation, Microsoft , IBM and Intel to serve as an extension to the PC
architecture with a focus on Computer Telephony Integration (CTI), the consumer, and productivity
applications. The criteria which were applied to define the architecture for the USE standard
include the ease of PC (personal computer) peripheral expansion, low cost, support of totransfer rates
up to 12Mb/second and full support for real-time data, voice, audio, and compressed video. This
standard also off%slgg%tgcol_f exibility for mixed-mode isochronous data transfers and asynchronous
messaging, integration in Commodity F&itd tetriiologyaprranbudidhlivrsat Sesthdardinterface for rapid
integration into arygieEh draoserofierct dmaldditianfitier Liafystendarrepsasents.asiagle model for 15

cabling and attacking cRnResiRsS.auchibalall.of ihg.defails B%ﬁh electrical functions, including bus
terminations, are.i%PIated from the end user.PﬁThrougﬁ the stan aaf(:gfstﬁ%e%glﬁ%ﬁe?%ﬁﬁevices are

self-identifying, and SupportASRIARE ARG BRIARETEH 5 Goampoa CmutiRermore, the standard
enables all périplerapuévicdsicoind difftdmidaily astachableandcreraonfligarablen0A.system
constructed accoxgling Mﬁ@gn@g\pﬁﬁpﬂéégh@gﬁﬁggﬁﬁ&%ﬁg%ﬁ separate, aglgfined areas: USB

interconnection, Ulgcl;}l Qtlevtices nd. the USB host platform. T EERteiConnection is the manner in
which USB devides are contia 3801’& and communicate with, the host platform. The associated
functions and componékitsdnichimeltak bus qapelogyiahichesthr-carneetiguodahheiveen USB

25devices and thechastuaiiarenec (R8sASR RISiakneicoRnection has a tiered,star topology. A
hub is at the genter 3019; er%%:ch St‘%‘“;‘%ﬁh wire segment is a point-to-poirit con.necilgﬁqoe?ween the host
platform and a htib or fiActiSh ot A RTE e Hd R FIERsHdtar P o fdanteion aidirns of a capability

stack, the USB t&skstetyidre. Jéfformeéddat wadhiayanloimihnisysterminalude:a data flow model and
a schedule. A datadiewmodel indbe:mannsrinyiiehdata moves e Sislem.gyer the USB
between data praglycefs ad data sonsumers, A, schedule detérmines accessToThe interconnecion.
which is 3 p1d miegration into any
given host product. In addition, the USB standard represents a single model for
5 cabling and attaching connectors, such that all of the details of the electrical functions,
inciuding bus terminations, are isolated from the end user. Through the standard, the
peripheral devices are self-identifying, and support automatic mapping of functions to
adriver. Furthermore, the standard enables all peripheral devices te be dynamically
attachable and re-configurable.
20 A system construcied according to the USB standard is described by three
separate, defined arcas: USB interconnection, USB devices and the USB host
platform. The USB interconnection is the manner in which USB devices are
connected to, and communicate with, the host platform. The associated functions and
components include the bus topology, which is the connection model between USB
25 devices and the host platform.
The USB physical interconnection has a tiered star topology. A hub is at the
center of each star. Each wire segment is a point-to-point connection between the host
platform and a hub or function, or a hub connected to another hub or funciion.
In terms of a capability stack, the USB tasks which are performed at each layer
30 in the system include a data flow model and 2 schedule. A data flow model is the
manner in which data moves in the system over the USB between data producers and

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



shared Such scheduling enables isochronous data transfers to be supported and eliminates arbitration
overhead. The USB itself is a polled bus. The host controller on the host platform initiates all data
transfers. All bus transactions involve the transmission of up to three 5packets. Each transaction
begins when the host controller, on a scheduled basis, sends a USB packet describing the type and
direction of transaction, the USB device address, and endpoint number. This packet is referred to as
the "token packet." The USB device, to which the packet is addressed, selects itself by decoding the
appropriate address fields. In a given transaction, data is transferred either from the 10host platform to
a device or from a device to the host platfonn. The direction of data transfer is specified in the token
packet. The sousberaf thetrahsadiiorthidns senbssodatatpaskat.otindisaiasithatdhe source has no
data to transfer. Jihadestination.in.genesal, responds with a handshake packet indicating whether the
transfer was successful. 15The USB data transfer model between a source and destination on the
host platform and an eRUPSIHIEHIE dek ivsefBirdiptrartalipipe thermsteldferiwo types of pipes:
stream and meskéiessStréantdattrhasiinadiSkdeincs eucihy ewhileipessagesiata does.

Additionally spipgs-Rave: asseciationsf data.handwidth, transfer service type, and endpoint
characteristics lik% é:iirectionality_a‘nd buffer sizes. I\\%gg}tCﬁﬁlo%@%%%’eaﬁéfﬁﬁgyegﬁgfgh%%hen a USB

device is configdrea: GHEhisEiRe Sis & nherd drsshvotttonpigiora ivaySResisissonce a device is
powered, in ordefdrprevidedrone ssitddhaicopfiguraliomhrsiatyss arderattakigformation for the device.
The transaction ‘§§B%@Hlﬁ:,ﬁ&@ﬁﬁﬂ%@%ﬁ?&‘%&ﬁ%@%&“& low,eonyol for some stream pipes. At the

uffé '

hardware level, this Erevents situations in which ers 2s5experience underrun or overrun, by using a
NAK handshaké 5 SRP8tTA e itk sk §ith tHesnernydatriistiemelerad sfiberdtion ts retried when bus
time is availabldioTimatlow contiolimechanisricpesmits iheconstsuetinn af dexiblg sehedules which

accommodate GRRSHATG)SERUANGO! A ICIEIR0INEQS DR gl Stca pRes; Thys, muliple Stream

pipes can be setviced at different intervals with packets of different 30sizes. e USE standard, as
described, has fiire a%%’iﬁﬁ%@é’%? BaRESREfaiAg data to transfer. The destinatios, in

general, responds with a handshake packet indicating whether the transfer was
successful,

15 The USB data transfer model between a source and destination on the host
platform and an endpoint an a device is referred to as a “pipe”. There are two types of
pipes: stream and message. Stream data has no USB-defined structure, whife message
data does. Additionally, pipes have associations of data bandwidth, iransfer 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 defauit
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 USE standard permits flow control for some
stream pipes. At the hardware level, this prevents situations in which buffers
25 experience underrun or overrun, by using a NAK handshake to throttle the data rate.
With the NAK handshake, a transaction is refried when bus time is availabie. 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, inciuding

token packets, data packets and handshake packets. An example of each type of



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 in background art Figure 1, features a PID (packet identification) field 12,
specifying one of three packet types: IN, OUT, or 5SETUP. If PID field 12 specifies the IN packet type,
the data transaction is defined from a function to the host platform. If PID field 12 specifies the OUT or
SETUP packet type, the data transaction is defined from the host platform to 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 PID field 1012 specifies that token packet 10 is an OUT
packet type or a SETUP. packet type, ADDR field 14 and ENDP field 16 uniquely identify the endpoint
for receiving the sﬁﬂ‘g‘@hﬁéh?%%bﬁﬁ%?éﬂngﬁ&ﬁﬁﬁmqsibﬁr@@?‘%@fﬂ@?ﬂf@llﬁ@%ﬁtéﬂ@k@n packet 10. For
IN transactions, inexdnpiedy? [Bbheltstd-sipsdities that token packet 10 is an IN packet type, ADDR field
14 and ENDRP field 16 uny i [ I dpoint stransmit.a 15data packet. A CRCS field 18
contains the checksum,%ﬁ%&?ﬁi%\%ﬁﬁ token pagqéﬁrgﬂ%%ta% éselﬁ?reeaéerﬁ?élas ltvl\tlklthout corruption.

Only host platform e3AcddeRs SR bkt Tockrias tharfoken pakdrses0lireW@eccontrol over
transmission &f théBlBBetfudhtidata paekisis tAsishauwkeitybackgreundiast Eigwe.8nd background art

USB data packet #0,20356sAisn . PIRGACIELAPRNIGaon) el 22 0 denfiying the ype of dta
n

packet. Data packet 20 also features a data field or op ional y containing data, and a CRC field 26

for containing the RIfSEIERmMAs AP Lo &S tFEd. from e bReroatielate Bifjard®.shows a
background art USB harishake fiatkit 28cibick: tentusesanbsaDr(naeket identification) field 30.

Handshake packelgig§:@r token packet 10. For OUT and SETUP transactions, in which PID field
10 12 specifies that token packet 10 is an OUT packet type or a SETUP packet type,
ADDR field 14 and ENDP field 16 uniquely identify the endpoint for recejving the
subsequent data packet, shown in Figure 2, which follows after token packet 10, For
IN transactions, in which PID field 12 specifies that token packet 10 15 aun IN packet
type, ADDR field 14 and ENDP field 16 uniquely identify which endpoint stransniit a
15 datapacket. A CRCS field 18 contains the checksum, for determining that token
packet 10 has been rec.eived without corruption. Only host platform can issue token
packets 10, such that token packets 10 provide control over transmission of the
subsequent data packets.
As shown in background art Figure 2, a background art USB data packet 20
20 also features a PID {packet identification) field 22 for identifying the type of data
packet. Data packet 20 also features a data field 24 for optionally confaining 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 retumn values indicating
successiul reception of data, command aceeptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can return handshake
packets 28. Handshake packets 28 are always returned in the handshake phase of a
transaction and may be retumed, instead of data packets 20, in the data phase of 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



25used 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 30transaction. These three different types of packets are exchanged during
various phases of the transaction which includes a USE device. A schematic block diagram of the 5
functional blocks in a typical USB device 32 is shown in Figure 4 for an abstract background art USB
device. USB device 32 typically includes a USB elegtrical interface 34, featuring a cable and a

connector, which is%ﬁg%}/@ig&lsiptgrface f@r eceiving and transmitting electrical signals which are
compatible with the ShecHieash Sp%é\?i"é‘ifs%} HeReBda Fge didnardhpbagien passed to a
logical interface Beckgiien imclifdedeoice BiSRdredouitaysid devieesadduessagegder for decoding the

address of the sonteerddsvjga:fonthe signaly AR SYNGfeld s ”Ch&%‘%& Qlsynchronizing the
signals. Informat{_ggréigpdés‘éguctures reqilred for_manﬁgment of USB abstradtd&lice 32 as a USB

device are stored In a USB class 10 GO ANERHE HEFAHEHcergmIss/ik %aidsBn and device engine,
40, also termed tReFBFHlvAtioTY comrbisand nTanagesiihe: specificiunciascand properties of USB

abstract device SRcincddjianafungsien and.dauies anAnG 9. also spnsumes.apd produces most of
the data over th%ég%lls bkll%. I{E}g Ugl?hs%ecificati,on does’n_ot define the re a%ons Ip between different
15entities in USB abstract devics 32" howsyar kafRehanenasashesfiiai@iidescribes only the

requirements forrYResaEKrefsr W%ﬁ@i@@ﬂ@@imﬁaﬂﬁm{wﬁiﬁaﬁ@@ﬂ&m&ﬁ@&@&%ﬁw USB abstract

device 32 and theubuenEhesefis dh connaclions.anauislalionshing shiown ipagkground art Figure 4
are only on%ex%nn%al ggd%gdmgl mentation which fulfills the requirements ot the :! specification.

Thus, any 20specific device for Tutling the USEHfdtsr hertrade dsieamésty defined and
described archite®RiF€on”, Sferte pritelynatesshebparthitestuteexistsdpeadiastigpemory device
containing one chmenalfastmemanyimRdulRg.yhigReuld gnable.the flash memory device to
connect to a bus, dgfined AFGRIAiNA.L0. e R specification and thereby o
The USB specification does not define the relationship between different
15 entities in USB abstract device 32, however. Rather, the USB specification describes
_only the requirements for the packets, and for the electrical and physical copnection
between USB abstract device 32 and the bus. Therefore the connections and
relationships shown in background art Fi gure 4 are only one example of an
implementation which fulfills the requirements of the USH specification. Thus, any
20 specific device for fuifilling the USB specification must have a specifically defined
and described architecture.
Unfortunately, no such architecture exists for a fiash memory device
containing one or more {lash memory modules, which would enable the flash memory
device to connect 1o a bus defined according to the USB specification and thereby to
25 form part of a USB system on a host platiorm. For exampie, 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 particalarly useful for 2 number
of reasons, including low cost, easé of use and transparency to the end user.
There 1s 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 USRE
system and which follows the UUSB specification, such that the flash memory device

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



25form part of a USB system on a host platform.In. For example, U.S. Patent No. 5,799,168 does not
teach or suggest such an implementation for the flash device. As mentioned previously, such an
architecture would be particularly useful for a number of reasons, including low cost, ease of use and
transparency to the end user. There is thus a need for, and it would be useful to have, an architecture
for 30defining and describing a flash memory device which is compatible with a USB system and
which follows the USB specification, such that the flash memory device could sit on a USB-defined bus
and communicate with the host platform through this 6 bus. Brief Description of the Drawings

FIG. 1 is a schematic block diagram of a background art USB token packet 5structure; FIG.2isa
schematic block diagram of a background art USE data packet structure; FIG. 3 is a schematic
block diagram &f& background art USB handshake data packet structure; 10FIG. 4 is a schematic
block diagram of an exemplary background art USB device; FIG. 5 is a schematic block diagram of
a system with USB device functlonallty according to the present invention; FIG. 6 is a
schematic block tiagramroftie- BSBEEES disk; 15FIG. 7 is a schematic block diagram of a flash
identification requestificket; schematic biock diagram ofa background art USB token packet

5 structure;

FIG. 2 15 a schematic block diagram of a background art USB data packet
structure;
FIG. 3 is a schematic block diagram of a background art USB handshake data
packet struciure;
1o FIG. 4 is a schematic block diagram of an exemplary background art USB
device;
FIG. 5 is a schematic block diagram of a system with a flash USB device
functionality according to the present invention;
FIG. 6 is a schematic block diagram of the USB Flash disk;
15 F1G. 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 a schematic biock diagram of a flash write request packet,
FIG. 10 is  schematic block diagram of a flash write status packet;
FIG. 11 is a schematic block diagram of a flash read request packet;
20 FIG. 12 is a schematic block diagram of a flash read status packet;
FI1G. 13 is a schematic block diagram of a flash erase request packet; and

FIG. 14 15 a schematic block diagram of a flash erase status packet.

Summary of the Invention

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

3¢ USB bus, as well as data rgccption and transmission over USB pipes to and from USB
endpoints. This controller also supports the functionality and control of the flash

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



FIG. 8 is a schematic block diagram of a flash identification status packet; FIG. 9 is a schematic block
diagram of a flash write request packet; FIG. 10 is a schematic block diagram of a flash write status

- packet; FIG. 11 is a schematic block diagram of a flash read request packet; 20FIG. 12 is a schematic
block diagram of a flash read status packet; FIG. 13 is a schematic block diagram of a flash erase
request packet; and FIG. 14 is a schematic block diagram of a flash erase status packet. Summary of
the Invention 25The present invention is of a flash memmy device, containing one or more flash
modules, in which the flash memory is mapped to the address space of an ASIC or a controller which
has a USB-defined electrical interface and a USB-defined logical interface. This controller/ARC
(hereinafter ter " roller™) supports the USB functionality according to the USB standard,
thereby suppor%h%%%ﬁ%@%&%%n%ﬁgﬁ%gs§6°6%(§seﬁjgr,%ge\%ﬁe & Sr&fgﬁtf&’r‘i‘% transmission over
USB pipes to aftPRSEISBosHIpbitscTitigwpnidide ashmgdports TRBfdastionality and control of the
flash memory desicsliasTivell tas dhr-pracasaingof epmmand anddatapagkets fram the host 7
cpntroller. The b&%&&%@é@g?&%@? ope ggsfelv%al ossible protocols, either standar'd or prpprletary, to
signal the next command to be performed & the tU'sB flash controller. Thus, the entire device acts as a

dynamically attachablefaEtishiRisis preFrrsiatietisodye Sevivaifdr Hismbstiptatiorm. SAccording to the
present inventidayitieeite d&mwitigeﬁw%&ﬂa@w&m&m&%ﬁ%@é&%f&%&%ﬂgﬁgz ,/SE-defined bus,
the flash memayy, devige gomprising: t least one flash. memory module for storing data; (b) a USB
connector for connecting to %@%@é‘%ﬁeﬁ] fﬁ%’g Ié%aa%r@eah%%gcﬁ%ﬁ?é%f%, and for receiving
packets from, tFeFeE e dBudsingd ey wdSpseuinetickdoreomddtingthenat toleast one flash

memory modulgeeinasfbereoniroingdied ISR senpestosBesaraing:ls ahleashome packet received from

the USE-dgfined,bus,.stch fhatdata is;written to and read from the at least one flash memory module.
Hereinafter, the term ﬁcomputer'gjierl% udes, é)%%rigoﬁtfto i glﬁ i%{gp%)rnsibeﬁ%@%?ﬁrﬁm%f% ¥PC) having an

operating systefi SORRPASE E5eE XA BaBvRTHD B OsTaethysorucintix: dtadintoshitmpobmputers;
computers having! JAWAltm) 35 ms fhs: apefatingosiystem; and graphical workstations such as the

computers of Sun Migfgsys nd.Siligon Graphics(im), and other computers having some

version of the UNIX operating system such as AIX(tm) or ) of St icrosystems(tm); or
any other know i BPCEVA AR B &t A st feriding Oh Satdoy /s % such as Windows

CE(tm) 20for eniheddedisystensminskdingseliianielephonss.diandheld computational devices
system; and graphical workstations such as the computers of Sun Microsystems™ and
Silicon Graphics™, and other computers having some version of the UNIX operating
system such as AIX™ or SOLARIS™ of Sun Microsystems™; or any other known
and available operating system, including operating systems such as Windows CE™

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

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

Detailed Description of the Invention

The present invention is of a flash memory device, containing one or more
{lash modules, in which the flash memory is mmapped to the address space of an ASIC
30 or a controlier which has a USB-defined electrical interface and a USB-defined fogical
interface. This controller/ASIC (hereinafter termed 5 “controller™ supports the UUSB

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



and palmtop computational devices, and any other computational device which can be connected to a
network. Hereinafter, the term "Windows(tm)" includes but is not limited to Windows95Thf, Windows
3.x(tm) in which "x" is an integer such as "1", Windows NT, Windows98(tm), Windows CE(tm) and any
upgraded versions of these 25operating systems by Microsoft Inc. (Seattle, Washington, USA).
Detailed Description of the Invention The present invention is of a flash memory device, containing
one or more flash modules, in which the flash memory is mapped to the address space of an ASIC
30or a controller which has a USE-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, thg{%)é sugporﬁinque?umeration onto the 8 USB hus, as well as data reception and
transmission over USB Fiped to And A5 S B SIS Afigce Ui diers e d doportine functionality
and control of thecfiéstintnchispaiesicasiwelimerthtipfosessidgyehdommandtantagata packets from the

host controller. The:hest &antEaller é&&%&@&s@fnﬁ%%ﬂ&ﬁ?iﬁll?d&(%@&@édﬁﬁ'ﬂﬁfe%‘&?dard Sor

proprietary, to signal{tt“e nTxt gorpmangl to be performed to the USB flash controller. Thus, the entire
device acts as a dynamically aaRABIA ASTEERREIE TEHILRNL mritR Beiiite F host platform.
While the invéntion isostisiesptibiete] Variouscmodificktiba pafichoaindddiiphe einted using many

alternative forms g amberimenrtdsshRmaxWRY. Al D6 amPle 0, 1HR ALawings aad will be described

in details in the fo\!lcgvxtug%%tgggﬁeééggs ould be understood that one of ordinary skill in the art appreciates

that the present iRVEntion ¢ CiRpIAHR&HRE H Parious other ways. The intention is to cover all

modifications and alterridbies:¢atiantinithisrthe Sgkitoofte counrd Atdtuentiadrtan be
implemented using many alternative forms, the embodiment is shown by way of
10 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 USB flash device and system according to

15 the present invention may be better understood with reference to the drawings and the
accompanying description, it being understood that these drawings are given for
illustrative purposes only and are not meant to be lmiting.

Referring now to the drawings, Figure 5 is a schematic block diagram of the
main components of a flash memory device and system according to the present

20 invention. A flash memory system 42 includes a host platform 44 as shown. Host
platiorm 44 operates USB flash device 46 as a non-volatile storage space.

Host platform 44 is connected to USB flash device 46 according to the present
mvention through a USB cable 48. Host platform 44 connects to USB cable 48
through a USB host connector 50, while 1SB flash device 46 connects to USB cable

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

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

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

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



The principles and operation of a USB flash device and system according to 15the present inyent!on
may be better understood with reference to the drawings and the accompanying description, it being
understood that these drawings are given for illustrative purposes only and are not meant to be
limiting. Referring now to the drawings, Figure 5 is a schematic block diqgram of the main components
of a flash memory device and system according to the present 20invention. A flgsh memory system 4_,2
includes a host platform 44 as shown. Host platform 44 operates USB flash o_IeV|ce 46 as a non-volatile
storage space. Host platform 44 is connected to USE flash device 46 according to the present
invention through a USB cable 48. Host platform 44 connects to USB cable 48 through a USB host

connector 50, w@@gsd%%é@%ﬁﬂﬁygaﬁn%@@@g&my%ﬁﬁ?@&%@%ﬁs&h 9 fﬁf@g&USB flash device

{ .
connector 52. Host platform 44 features a USE host controller 54 for contro and managing all USB
transfers on the USHBERYSE %ﬁ@?ﬁ%ﬁé@?&@em{ﬁ%@%%%‘gmﬁaﬁbntrolIer 56 for
controlling the otltercedmpdthengs bttd 3B flashideweedbhandfoeprapidino am imarface for USE flash

device 46 to thedd3l s Ui IashedeMes canneglon A Andahdsastans fash 30 memory module

58. Flash memory module 58 is preferably an array of flash memory’modules 58 in"which the data is
. stored. WhenevBIFt T8 B SR B EBIU R BLeRiiss Srihkeest st pitetonsied i 9 standard USB
enumeration progesk takedaplacesdnsthis protess hostqlaifars ddpconfigyies 443B.{lash device 46 and

Icatl | ' [ ds for
the mode of conguigAliaNWIEN LRB flash.dexer A Althquah, there are many different method
configuring USB fl?ShtE(%Vice A%Ig,jfor the pl?rjposes of c?grityegn y an%o\}\l%hoﬁtoln%endlng to be limiting,

the Spresent invEhB R EX BRI TEI T FEATET NSt AT BefRRclth egs racioracksistiad in

waiting to be received.

10 Host platform 44 requests services from USB flash device 46 by sending
request packets to USB host controller 54. USB host controfler 54 transmits packets
on USB cable 48, These requests are received by USB flash device controller 56 when
USB flash device 46 is the device on the endpoint of the request. USB flash device
coniroller 56 then performs various operations such as reading, writing or erasing data

15 from or to flash memory module(s) 58, or supporting basic USB functionality such as
device enumeration and configuration. USR flash device controller 56 controls flash
memory module(s) 58 by using a control line 6¢ to control the power of flash menmory
module(s) 58, and also through various other signals such as chip enable, and read and
write signals for example. Flash memory module(s) 58 are also connected to 1ISB

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

In order for USB flash device 46 to notify host platform 44 on the reselt and

25 status for different operations requested by host platform 44, USB flash device 46
transtnits 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 15 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



which host platform 44 issues commands and requests to USB flash device 46 through one endpoint.
Host platform 44 queries USB flash device 46 through the other endpoint for status changes, and
receives related packets if any such packets are waiting to be received. 10Host platform 44 requests
services from USB flash device 46 by sending request packets to USB host controller 54. USB host
controller 54 transmits packets on USB cable 48. These requests are received by USB flash device
controller 56 when USB flash device 46 is the device on the endpoint of the request. USB flash device
controller 56 then performs various operations such as reading, writing or erasing data 15 from or to
flash memory module(s) 58, or supporting basic USE functionality such as device enumeration and
configuration. USBdlasinateticiedatcalier Ghanntrals flashmemsionymoduea(s)58.Ryusing a control

line 60 to control the-pawer eEfastimemery. module(s) 58, and also through various other signals such
as chip enable, aﬁ%l read and write signg%%?&gﬁr%é%? A ‘F‘%Se*?%’r§}°ﬁﬁ§d’ﬂfé°(‘§3fé’§°bre also

connected to USE'P8fadh daviselsantrbie poee jharelieirensiduinidiis=62, Bddress/data bus 62

transfers commandi§ deope Harshingreadsavideanies ass mmands a0 iash memerymodule(s) 58, as
well as the addregsgsangsatafonihese commands as defined by the manufacturer of flash memory
module(s) 58. In order for USB flash device 46 to notify host platform 44 on the result and 25status for
different operations redc¥SfSH DY RE&AthsATEeEy ¢ SBstlastkdetivezie: fratismitsstatus packets
using the "statuscengiqeintiiAecsding i dhimproaesdahashriatfesy. 44 shagksi(polls) for status

packets and USElagh.dgyise ARLeH RS SIFL a0 SRy packeL T ng packets fornew status

messages are present, or alternatively rettirns the s{a us pagﬁce e|tfsaeslfl. BX M2 iHailed structure of
the functional cofiPBRBHAD 8R4 A8 BrHdR idsreabes TeErerertity Figued S8 Blagindetice 46 includes

the physicalland-etecricabintesiasedefinad foidhepdSR stans argh showndere.asUSE flash device
connector 52 to and.a gonnaster inferface 84, YU B flash device connector 52 receives the electrical
signals from Uséeacl:able 48 which carries electrica g@ﬁﬁf?’ RIS BB EPRIBESown). These
signals are then ﬁa%%%cﬁl%ﬂ‘rgﬁ‘@ﬁ d8in e de itk rsce Bas pubrpmitiserontnaliSBidkame is carried on
the USE-definecbbusissudhithat-packetscould hesenttariSB BshAesise#r s4 Gonnector

interface 64 them{@g@j\égﬂg@ggd%%ggs(mr%}at{gEat:%ipl,eré% Ecampanent, ch!afh is a combined

physical and_logical interface 66. A functional interface 8s spec?ﬁca V%feSI(jiﬁe Etodcaft&:eive token

packets as definsd A e SH dFahifcatilr sadha s SRebrsudlipadirsiised niantrenidriv Figure 1.

These token packepsrts USB functionality needed for the identification and registration of USB flash
device 46 on the USE bus.
USB flash device 46 also features an application packet extractor 76 which

extracts the application data and commands from the USB application packets, such

20 that application packet extractor 70 supports only application related packets. Next,
any requests to USB flash device 46 by host piatform 44 (pot shown), in the form of
read, write, identify and erase commands, are interpreted by an application command
inferpreter 72. For any commands which involve data or an address, such as read,
write and erase commands, an address resolve module 74 transiates the address from

25 the logical address space to the physical address space. Host platform 44 {not shown)
relates to a linear address space of logical addresses, while USB flash device 46
contains at least one, and preferably a plurality of, flash modules 58, each of which
has a physical address space. Thus, 2 translation must be performed between the
logical address space of host platform 44 {mot shown) and physical address space or

30 spaces of USB flash device 46. There are many ways to mmplement such a translation
which are suitable for the present invention. One example of a suitable

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



10are related only to particular functional aspects of USE flash device 46 which are required for the
USB standard, and do not have any relation to particular application of USB flash device 46 as a flash
disk according to the present invention. These token packets and their respective returned data
packets enable USB host controller 54 (not shown) and host platform 44 (not shown) to identify USB
flash device 46 and allocate 15 resources for USB flash device 46 on the USB bus. Thus, functional
interface 68 only supports USB functionality needed for the identification and registration of USE flash
device 46 on the USB bus. USB flash device 46 alsp features an application packet extractor 70
which extracts the apg}ji&%ioo[} Q&}% nd comrrgands from the USB application packets, such 20that
application packet extractor 70 suppofts only apiiEiBR rBraiderserets ileset G hetsirests to USB
flash device 46 by hB&epI&tfbeARME edtichownaliin dHedommmafiead, wiitaiddantifyaned erase
commands, are intesgireiedobyR@RPIGRHLEQMMANd dRterpreter 72. For any commands which
involve data or an addres§k, dséucﬂ a(?i re&i, write and erase commands, an address resolve module 74
translates the address from 25th& 163 CArautire ddaspiite wrnpesphyaicareidel essmpaiseardost platform

44 (not shown) felatesvryiadthedutaddeess bpateniingtal addrassesnwhie MSh. lgsh device 46

contains at least ong,andipraierably.a,plyrali flash modules 58, each of which has a physical
address space. Thus, a Ira%slatlon musg’ bzé%p%r%IF%Z%%ERN“@%W%%%@%W&GHP&% space of host

platform 44 (not shXHfanBgksichrrisateasepacedonspspacts i ISRIHash deviee4s, There are
many ways to impleesent isuditarransiationwineh ﬁ&ﬁﬁﬁ%@ﬁ&%&tﬁ%ﬁg%%%@t%@ég%% One example
Wit I

1l
of a suitable implemgpiation of ap address translation method is describe reg us. 11
Patent No. 5,404,485, previ"ousIyg!lrncorep%}?gft];[éC qﬁgl?lrae%?é“’ﬁlé’éeﬁ Uiy destinstaddiessan tiwhich teaches a
method for managi @S’*’a ﬁﬁemory as a flash disk and which is suitable for operation with the

commands, and

present invention. A dataHandieht handies Waiaselalesasnasis q{aﬁp%(f?{:%eﬁ%%gd 1y
Sconveying the data,thy 99{9&@[; li%%'%%l fﬂggqg‘&geﬁi% 'E’Ef)hgzp zcil r{ggvn;tgltgssgaggso g«'lilig Slc.%Ssing
these status packets, USB flash device 46 can transmit, to host platform 44, the results
of different commands issued by host platform 44 in itg requesis (not 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 plétfom: 440
determine the result of the read command (not shown}. Similarly, the erase status
packet contains a status word mndicating the completion éf 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 piatform 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 recognizing
the proper type of flash memory device for which MTD 78 was designed, so that the
controller can determine which MTD should be activated upon interacting. with a
particular {lash memory device array. In addition, an identification routine should be
able to detect the size of the amray of flash memory devices, including the number of
36 flash memory devices within the array, and various features of the flash array
geomelry, such as interleaving and bus width. This information later enabies host

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



Optionally and preferably, data handler 76 performs any error correction and detection methods.
Application command interpreter 72, data handler 76 and address resolve module 74 all operate with
an underlying Memory Technology Driver (MTD) 78 to write, read or erase a particular flash module 58
and the desired address on that 10flash module 58. Host platform 44 checks for status changes in
USB flash device 46 and reads status packets from USB flash device 46 when a new status pacis
available. Using these status packets, USB flash device 46 can transmit, to host platform 4-4, the
results of different commands issued by host platform 4-4 in its requests (not shown). For 15example,

the read command status packet contains one of the Hvailable status words such as "success , "error”
or "invalid addressY/ WihiehnehabeZhdst platfonris4dordeterpine thesesuicpidha agdgommand (not

shown). Similarly, $1eRrsenstaius-Rackelienptains a status word indicating the completion of the
erase process. A write stgtus acléet is used by USB flash device 46 to notify host platform 44 about

o orS SR BT Ef fiehE et bRk smetbestul or erroneous,

the 20 result of the W_rite CORTMAn
and whether USB flei&¢nelbvive 48 dst readyfor additictialsihipecreguesisfromhestiplatform 44. A

Memory TechnologyRiyeiai-¥drR/d S typicedlycatal d@q%pg&t&@qg&i 1, %rii\g/ﬁ%?g}% erase the flash

memory device COQ§§0|!$9 bsyt elggptroller,op,erating MTD 2578. In addition, 8 optionally
contains an identificatton Foutine fof recSGHRIMRE Ps3Et Tppkcsi sk ameneaeiice for which MTD
78 was designed, S6ragartbiBusoiteelidiskadrdeterdiinewhichhMt & isbavle-hemativated upon
interacting.with a partigutar £lash smemory device array. In addition, an identification routine should be
able to detect the size of}{[he array ?f flash memory devices, including the number of 30flash memory

 devices within the array, ‘and vanous FEARIFESTS TRPHURE AR guetFe iy c8lieh &8 interleaving and
bus width. Thi§ inferprEitgrriateese petteschiostptbtforbit B41piatforn: te dedenmingthesagddress space

and size of the stokagg:itadidschiBed with regard to the processes of identifying, programming,

reading and erasing the flash device. For the purposes of illustration only and without
intending to be Himiting in any way, the exemplary USB fiash device has an.array of
two flash memory modules, each of which is 64Mbit in size. The address transiation

15 tableis within the flash device so that host platform operates with logical addresses.
All commands and return codes between the flash device and the host platiorm are
carried on USB data packets, and are transferred through USE 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 USE 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 moduies. The controller then builds an
identification structure holding this information, as well as the translation table and

30 logical address space.
After the USB host controller identifies the USB flash device, the host

platform often uploads a USB client driver. The driver issues an identification request



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 5 memory mapped or I/O
mapped flash memory device. For example, host platform 44 can give a standard block device
interface to each application, such as a magnetic storage medium "hard disk" drive, as disclosed in
the previously described U.S. Patent No. 5,404,485. As an example of a preferred embodiment of the
present invention, the 10operation of a host system connected to a USB flash device according to the
present invention is described with regard to the protesses of identifying, programming, reading and
erasing the flash dﬁwﬂﬁmﬁ@&mesmHaamtﬂﬁﬂ&usitﬁti@}}@%%ﬂﬁewﬁhﬁ%&m%ding to be limiting in any
way, the exempla@én%?%tﬂ%s at%lew e ? an arr: of tvx;o tII L, emo %ﬁles each of which is
64Mbit in size. The address trandfation 15 table Is vithin the Tash 8% platform
operates with logit&l %lémhﬂkﬁﬁﬁﬁﬁ@%aﬁﬁ@@mmiMMK%@rﬂasﬁmce and the

host platform are :camﬁdmaubkﬁﬁdiatam@d@maq@%af@éﬁaﬂsfeﬁ@gxmr&s&hn%%é#ﬁt@]plpeS The exact

structure of the pgc&<dp cﬁiQ and ings S 9§ the USB Sp eci ca on. The operation of the
1
exemplary device and System a coralr?X taoct e p?’egg gﬁqﬁ\}%ﬁ |8nm|°§ﬂagsfo Bs*¥hen the USB flash

device is first con??é%i@%%%@ﬁ%ﬂﬁfﬁﬁéﬁﬁ?fﬁé‘%@he%ﬁ@ ideoll&f assignsddn thddress to the USB
flash device on t@,ﬂ&&bl&bﬁnﬂﬂ@l(ﬂiﬁ@rgﬁ&gns resources as described in the USB specification. The

USB flash device actu asks the @g&}: £ n@l{qrm to asglg[pt%]a% eso ces gnd must info= the host

platform how much of t erseé resources are ne ?Fa udo’slk 98can optionally support

slower device sp&katfifafidsprpdst ﬁ‘l‘aﬁféﬁ*ﬁ\‘ H*a%‘&#é&diﬂaﬂ@émw tbe daléebaerother devices.

The USB controlszalso, nRgetistesnwith ﬂa&é@ﬁlﬂ@&k&&ﬂﬁ%ﬁﬁéﬁéﬁ%@&ﬁa@s&@@f%&d manufacturing

-type of these mogjg £ Sel:0E, 0 rq}l [ then bLiuI%s%n |denltl|f|cat n struct Idlng %hhs information, as
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well as the translation table and 30logical address stace Ahert U§§ con roller identifies the

USB flash dewce‘“tﬁ‘é‘ﬁé’ﬁse unit for erasmg the flash memory in an erase unit size ﬁeld 88.
All of the packets described in this example are only data packets which are

sent on the USB bus. Before each data packet is sent, a USB token packet is
15 transmitted, instructing the USB controtler 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, 2 USB data packet with the
operation code for the “write” command, and the buffer containing the datz, 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 Figure 8, except that write data
packet 90 aiso includes a write field 92 with the “write” operational code; an ADDR
25 field 94 with the logical address to be written; a LEN fieid 96 with the length to be
written; and a DATA field 98 which contains the actual data to write. The packet
extractor extracts the operationat code from write data packet 96 and transfers this
code to the application command interpreter. The logical address is transferred to the
address resalve 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” cornmand is sent to the flash module or modules



platform often uploads a USB client driver. The driver issues an identification request 13 command to
the USB host controller, causing the controller to transmit an identification data packet 80, shown in
Figure 7. Identification packet 80 contains ND field 22 and checksum field 26, as described previously
for background art Figure 2. Identification packet 80 also contains an "identify" operation code in an
operation 5 code field 82. The packet extractor of the USB flash device receives identification data
packet 80 and transfers the operating code of the "identify" command to the application command
interpreter. In response to the "identify" command, the flash device then sends an identification
data packet 84, shown in Figure 8. In addition to theifields shown in Figure 7, identification data packet
84 also contains icrg}f%ml%ti n %9&&%8&%‘%? ‘%ﬂ]‘e flash tdeviﬁe in a flash devite_ size field 86, as well as
information about the SIZe Of the Minimal Srase unit Jor erAsing L SEh MEMSR I an erase unit size

field 88.  All offfiib padiets tedEFBdir-this iEinplelatiecnisirdatavicketmwichnare sent on the

USB bus. Beforegaghgiata-pasioliscaebina:Ad 88 fakehRaekat is. Lz apsnitiggoinstructing the USB
controller as to tr@niéje gl% cof tthx?iggélic‘? gnd ointtto Wh]i(cp.the datg p cﬁéﬁgould bc-fétransmitted.
Upon successful Teception of the packet. the USB EoRIFSTEr Eaid ¢ K558kt as described in
the USB speéific&fifis.oreratvce tismadgitte drivierss tenthelibostdpiesfotin tevéivisahiystatus packet, the
drivers can start issting@ped@eand write commands to the USB flash device with the 20 application

commands. When a writg request.is sent, a USE data packet with the operatjon code for the "write"
command, and the buﬁg@?:%g}%?ﬁlsﬁgc ?ﬁeot(l}g gnfé%ﬁsa%lngfgﬁtex%g%%eeﬁ}gﬁ%gg H%res FEES K write data
packet 90 is shoWs irpstideifero thtehstge afife LS b fisliersHexias brevieusiy, by Figure 8, except
that write data paekeih@Q ‘aise-inslidesravide, fiekd S withihe Twriteepesalianateade; an ADDR
25field 94 with the logical addr 0 be written: a LEN. field 96 with the length to be written; and a
DATA field ggwkﬁﬁ%&%&?ﬁ% %Z%g&%%?lasa?as zgu&vﬁ%é %%qp}lé?c &t %lﬁ{%%rgfg‘rgg%tl 5t€"%e operational
code from write Pat5sFaERBITO aHeasTeley itiscad denovtits piplication t¥hthsdns interpreter. The
logical address iptranstesee toitiaasdiess resolvpmedulawbichtansaesthisipgical address to a

physical address_on. f h.modules, T e data handle 0 tioQaeIzI1 error
correction and dé%%ﬁggﬁrﬁé%fh@rﬁégzni%ggsrﬁg%nfé% gi/ %aé g‘(ﬁgéﬁ gpee\fié’e.%%ﬁég%laﬁgﬁ the flash
memory moduled 484 EEIc it dainianaay s thafrasafoaateobhpideiifes 14 containing

the physicalladdressywhichisiay optiopadkespgan across more than one flash module to the MTD block.
The MTD bock e s g I eI IS Sqls i R b s ee e e
to the MTD, the Fé)gﬁlior 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 fiash controller issues a read command to the MTD
20 block, after the address resolve module has transiated 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, or if an ervor oceurred, the flash controller sends a
signal to the host piatform to indicate that a new status packet must be read. The host
25 platform issues a read request and receives a “read status” packét 110 as shown in
Figure 12. Read status packet 118 contains the address of the read data in ADDR
field 108, as well as the fength of the read data in a LEN field 112 and the data itself
1n a data field 114. Read status packet 110 also featares the status word, according to
which the operation was completed, in a status field 116. The read operation can be
30 completed with many different status situations such as success, fail, error detected,

invalid address, invalid length and so forth.

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



50f the operation is transmitted to the host controller and passed to the device driver in the host
platform. When the flash controller finishes the writing process, the controller signals to the host
platform that the status of the USB flash memory device has changed, by sending a "write status"
packet 100, as shown in Figure 10. In place of data field 98, I0write status packet 100 contains a
status field 102. The host platform reads the status 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 for the host platform to haye a reference to the specific 15command related
to status packet OOt. | fAs shown ip Figure 11, a "read request" packet 104 contains the operation
code for the "read™ cOMMARA THCA Foatr felt 166, BiThHe Soure fufifruss 6f This aeddired location from
which the flash ceprtiiethshouwk repricirmroADDR fiskd £68. 10 anineetiving ihiseonmmand, the flash

controller issues gieageaiamanskosthet! RiZOblock, after the address resolve madule has
translated the adggg S otgg%ned in ADDR field 108 toafgsgpegific p ys%’cal aé1§ ré:ggtﬁ?lﬂghe of the flash

c . .
components. When the TIash o atrsiEr Tt aRES Rb RO ARSASREMESIEHREr after the read
command was iséifessspatanvhofiastounelds. el fiasts cortisllemsendsiamigralteltise host platform to

indicate that a new statgs:paskstinysheaedNehogshRoRlatorm ississ aJgad request and

receives a "read tus".packet 110 as shown in Figure 12. Read status packet 110 contains the
T :

address of the read data’in ADDR Tieit PHEeh I etPAe GGt P B PR A ARETh a LEN field 112
and the data itseff4frapeiitd fietddy 14 irRead. sthtus padketikhOralsaifeatrresdhastatus word, according

to which the opefalien was.campietertelna Sk Uakl: o] bsead gPAIALiAN.cag he SOcompleted
with many dligfer%n%gss tu§ fsimﬂgrzg 1sducztg as success, fail, error detected, invalid address, invalid
length and so forth. When the host platitr RER By drgebefivt pidtenivit tsfssrcdevice, the

to the erasc requests. The status according to which the operation was completed 1s

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.



15 host platform issues an "erase request” packet 118, shown in Figure 13. This packet contains the
"erase" operation code in an erase field 120, and the logical address of the erase unit in an ADDR field
122. Upon receiving such a request, the flash controller translates the logical address to a physical
erase unit address on one of the physical 5address spaces of the flash modules, and issues an erase
command to the MTD block. 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 transifits an "erase status" packet 124, as shown in
Figure 14. Erﬁ%ﬁ%f packet 124 contains the address of the 10 erased unitin ADDR fieId.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 15examples, and that many other embodiments are
possible within the gpli$arddshascopealofitheqpresantinyentidiER1&GlA S thATMSB flash memory

device for copnecting to.a. UsB-defined bus, the flash memory device comprising: (a) at least one
flash memory moélt?le'; E (O%ﬁg%%gB connector adapted for connection to a USB-defined bus and for

sending and receivitig USH-Gafises Pribkatsord BreiUsB-defined bus; and (c) a USB controller

which is configured g interfase withabostagadhe: UaBcanneciayandawhiah.is adapied to carry out at
and writes.to }iﬁlége aél ast one flash memory module in accordance with the
: B ¥

| t of reads
DaB-detnad ElApa HE i LRSS Bt LSEs defimed bus. and

(c) a USB controlier which is configured to interface with a host via the USB
connector and which is adapted to carry out at least one of reads and writes to the at least
one flash memory module in accordance with the USB-defined packets,

wherein the USB controlier comprises:

a command interpreter which is adapted to interpret read or write
commands received as operation codes extracted from received USB-defined data
packets via the USB connector into read or write actions for the at least one flash memory
module; and characterized by further comprising:

an identification structure for holding memory size and manufacturing
type information of the at least one flash memory module determined by the USB
controller, wherein the USB controlier is further adapted to use the memory size and
manufacturing type information to build an address translation table for use by the USB

controller.

2. The USB flash memory device according to ¢laim 1, wherein the USB controller
further comprises: |

an address resolver module which is adapted to translate a logical address from
the USB-defined data packets into a physical address of the at Jeast one flash memory

module using the address translation table,

3. The USB flash memory device according to claim 2, wherein, if one of the
commands is a write command for writing data to the at least one flash memory module

and the address is a logical address for writing the data, the address resolver module is



a command interpreter which is adapted to interpret read or write commands received as operation
codes extracted from received USB-defined data packets via the USB connector into read or write
actions for the at least one flash memory module; and characterized by further comprising: an
identification structure for holding memory size and manufacturing type information of the at least one
flash memory module determined by the USB controller, wherein the USB controller is further adapted
to use the memory size and manufacturing type information to build an address translation table for
use by the USB controller. 2.The USB flash memory device according to claim 1, wherein the USB
controller further0MPISes; v s AAISHTIESAVEMOdyIgwhich % adapled o thagslate a logical
address from the USB-defined data packets into a physical address of the at least one flash memory
module usingffBoayalEYranslation table. 3.The USB flash memory device according to claim 2,
~wherein, if one of the commands is a write command for writing data to the at least one flash memory
module and the addiest 6 dlioyicahaddiessfacwriting thedatd, tHerandress:regblver module is 17
configured to esalvedhe, Ingical Adaress 10.2:psicataadress RLING aklkashapg flash memory

module. 4. The USB flash memory device according to claim 2, wherein, if one of the commands is a

read commamtPfeicrantipirddisstrom tricdiaddistone adinmeialy rodrearertheaddress is a

logical address ol Raditg:thel datasdhe addsersirmrpivetongmiulecis aadigwraddter teselve the logical

address to a nheyﬁ*.lcS In?edn(ljres%gJthe at least one flash memory module. 5. The USB flash memory
device according {5 any of the preceding claims, wherein the device is configured to act as a

dynamically attachable/detachable non-volatile storage device for the host. 6. The USB flash memory
device according to'&fy/SPtHasp raeRaH gL ifnis corhiEeeih ame O &8 ReerRIBIfe imherifsiides:

memory techmelegycdrivesspachi asaptec forpentormingerad-aronrkepachionsoaia respective type of
flash memory modlése Wh%ethn %\Or&gpective one of the memory technology drivers is activated in

accordance with & éaFé?Fnlne e’type of the at least one flash memory module; and an identification

module adapted for determinin% a type of the at least one flash memory module and for determining, in
accordance With the HetEhiRed R AR o e SRS m oh e BIFREAG S Hivere 6 sktivate for
performing theseas oswiiteaktionesindudedata-processing method performed by a USB flash memory

device, wherein the USB fl st]'n1 ml%mo(g%/i devicehig E!lug%%srat Iea[\st onhe flagh memo%module, a uUSB
e n

Mo SCRno VETS cac OF, PETIONININEG real WEItE actions on
controller, and a USB connector ai%p dfor conndc g tie at [east She flas memory module and the

USB controllertepechivstyiad ISBaafierediodsethehendthoteasmprisimge! the ragaiving USB-defined
packets fromithe hpst viavhe YR Bdelingdbysiand e YaB.cameacior whergin.the4SB-defined

packets include one or more USB-defined data packets; in the USB controller:
flash memory moduie; and '

an identification module adapted for determining a type of the at least one flash
memory module and for determining, in accordance with the determined type, which one

of the memory technology drivers to activate for performing the read or wrile actions.

7. A data-processing method performed by a USB flash memory device, wherein the
USB flash memory device includes at least one flash memory module, a USB controiler,
and a USB connector adapted for connecting the at least one flash memory medule and
the USB controlier to a host via a USB-defined bus, the method comprising:

receiving USB-defined packets from the host via the USB-defined bus and the
USB connector, wherein the USB-defined packets inciude one or more USB-defined data
packets;

in the USB controller:

determining memory size and manufacturing type information of the at

least one flash memory module;



determining memory size and manufacturing type information of the at least one flash memory
module; 18 building an address translation table in accordance with the memory size and
manufacturing type information; interpreting a read or write command from at least one of the
USB-defined data packets into read or write actions, each command having an associated logical
address; and converting the logical addregss into a physical address of the at least one flash
memory module using the address translation tab]le; and performing the read or write actions on
the physical address of the at least one flash memory module. 8. The data-processing method

according to claim 7, whetein the add({gss anslla tio qble IS co ﬁ&%ﬂ%ﬂhf%( convertin%IogicaI

. . tilding an a e.ﬁ Tansiation tabie m ac ora ¢ mor)és c
addresses in a logical address space ot the host into physical addresses in a physical address space

of the at leastoheREk-WersAYPBduneti@: The data-processing method according to claim 7, further

comprising storing the memery:size ardmaniacturing.iraipiannation kran identifigatian structure of
the USB controller. 10. The data-processing method -according to any of claims 7 to 9, including:

in the USB cGRIIISKEYBILIAD ¥ RidMai e AR SeS b PAS effofisefietiog 6t write actions

correspondingtidhiearsiad or write command on data associated with the physical address. 11. The

data-processing method ' ny: of claims 7 to 10, further comprising: under the control
65%%%%9% {ﬁ? tﬂ%cgftl %cﬁfres% 11‘1’£0ﬂ%1 ]%%?'Hcgl Gh &L 85 H0% teast ofe

of the USB controller, negotiating wi east one memory module to determine at least one
feature of thelltleasneneasle vmengdhy reustaransiatie @hte-précessing method according to any of

claims 7 to 10, wheggjinothenJ 8RB cantpligrincludes Memprsiashnalagy aHyarse. fagh-adapted for
performing read or write actié)ur]g on a respective type of flash memory module, the method further

comprising 1 sh memory mo
8. The data-processing method according to claim 7, wherein the address translation
table is configured for converting logical addresses in a logical address space of the host
into physical addresses in a physical address space of the at least one flash memory

module.

9. The data-processing method according to claim 7, further comprising storing the
memory size and manufacturing type information in an identification structure of the

USB coniroller.

10. The data-processing method according to any of claims 7 to 9, including:
in the USB controller, executing a memory technology driver to perform the read
or write actions corresponding to the read or write command on data associated with the

physical address.

I, The data-processing method according to any of claims 7 to 10, further
comprising:

under the control of the USB controller, negotiating with the at least one flash
memory module to determine at least one feature of the at least one flash memory

module,

12. The data-processing method according to any of claims 7 to 10, wherein the USB
controller includes memory technology drivers, each adapted for performing read or write

actions on a respective type of flash memory moduie, the method further comprising



using the manufacturing type to determine a respective memory technology driver to activate for the at
least one flash memory module. 13.A USB flash memory device for connecting to a USB-defined bus,

the flash memory device comprising: (a) at least one flash memory module: (b) a USB
connector adapted for connection to a USB-defined bus and for sending and receiving USB-defined
packets via the USE-defined bus: and (c) a USB controller which interfaces with a host via the

USE connector and which is adapted to carry out at least one of reads and writes on the at least one
flash memory module in accordance with the USE-defined packets, wherein the USE controller

comprises a commanglINMEIRIFIE Whigh 3%&%%%%%%3@&%@Fﬁ&ﬁ%ﬂ%’oﬁ%ﬁi&%ﬂ%@?%‘ds received as

operation codes extracted from received USB-defined data packets over the"USE connector into read
or write actioAe/feither tdsblsesmasiEaH memnsn edele; and (d) memory technology drivers
each adapted for performing read or write actions on a respective type of flash memory module,
wherein a resigectiva biv@ dhthenemamody techimologyedingersadattivatiecd macterdance with a
determined tm&n%g%ﬁgé%%g%ﬂash memory module. 14.The USB flash memory device according
to claim 13, wherein the device is provided as an integral unit with the USB connector. 15.The USB
flash memory devic&accotdiifg e Btk 13 RRHEY ®hprising:  a data handler adapted for
performing an error@gtectiansandsreBetigniQuiinedartie aldeast preflashmapager module. 16The

USE flash memaqry device according to.any of claims 13 5, further comprising: a status handler
adapted for rg%“&%ﬁg%?iﬁgﬁ%@%ﬁ%‘%ﬁ%agé aﬁ%ﬁ%t?%%& 0 s"éjﬁ%f]ﬁd‘e {s).]tlgtﬁg%packets concerning a
status of the at leasicone fidsbiinemoienvdduentotordingho thet Y8 B:eefitechumtepackets 20 17.

The USB flashynemamdayice ARCOIHING10: a0y AL ERIMRL3 R 16 WOGIRIn DG Y9 controller is

configured to negotiate with the at least one flash memory module to determine at least one feature of
the at least oREMIdsHHASHORARTEEIRee Y8 Pre O8I Rigkibry detidetiscdsking to claim 17,
wherein the USBrepnttoligriccoofiguiad iabuldawidantificaion siriaipetfeaholding.the at least one
feature. commands received as operation codes exiracted from received USB-defined data
packets over the USB connector into read or write actions for the at least one flash
memory module; and

(d) memory technology drivers each adapted for performing read or write
actions on a respective type of flash memory module, wherein a respective one of the
memory technology drivers is activated in accordance with a determined type of the at

least one flash memory module.

14, The USB flash memory device according to claim 13, wherein the device is

provided as an integral unit with the USB connector.

15, The USB flash memory device according to claim 13, further comprising:
a data handler adapted for performing an error detection and correction routine for

the at least one flash memory module.

16. The USB flash memory device according to any of claims 13 to 15, further
comprising:

a status handler adapted for receiving the USB-defined data packets and for
sending status packets concerning a status of the at least one flash memory module

according to the USB-defined data packets.



19. A data-processing method performed by a USB flash memory device, wherein the USE flash
memory device includes at least one flash memory module. a USB controller, and a USB connector
adapted for connecting the at least one flash memory module and the USB controller to a host via a
USB-defined bus, wherein the USB controller includes memory technology drivers, each adapted for
performing read or write actions on a respective type of flash memory module, the method comprising:
determining which one of the memory technologyglrivers to activate in accordance with a determined
type of the at least one flash memory module; receiving USB-defined packets from the host via

he USE defiied DU IRERARANEEIRL WS S SFcsined BaskaRarlule at least one

USE-defined data packet; interpreting a read or write command from the at least one USE-defined
data pack intb PEaBraliés senbEgcaMincLotiBErfuipRpinerreers SrWeBetioRedy!s the at least one

flash memory;speglile 45ing the detemingd memonyderbinalegy-drivar:120. The data-processing
method according to claim 19, further comprising: under the control of the USB controller,

identifying memory size anckmanufacturingtune infarmafion;gf the At Isashong Sashmemory module:

and generating an address translation table using the memory size and manufacturing type
information, Wiferdiauwsd @duksaidarsibesirtaiecrare Sofusd 17 eovemigitelifcal addresses in a

logical address space of the host into physical addresses in a physical address space of the at least
one flash meitfory motiidepr@dssiil Metbadgterorocdssind fietiot actordiney to: cldianc0thHfurther

comprising statnihe MsMS-Sie Acfnanyiagiing.tingdnlarmatan. 1) adrdepiiigetion stiucture of

the USB controller. 22. The'data-processing method according fo claim 20, including: under the

control of the2tfSBLEBhersmertor adaptedfprLomgcn R e Edeatharrd arrmaepiey dmide sitount of data

from the at legstionie ddsRidetineddaia:packetaametd bus, whatdiingdhespredefinediamaunt of data into
the physical addresses in Ehe least onf f!fsh memory module in accordance with the write
ha ted for, Or. write

command. 23° ‘Fﬁ@”é%%‘é‘l%r@ es”s\fﬁbsﬁaé: od %ccordﬁ]eé 16 tidm 40 inclu |ﬁté?nuqr?3ear the control of the

USB controllessmxtracting af i&at vemmanmddrdmtthenathisbstromesotthe USB-defined data

determining which one of the memory technology drivers to activate in
accordance with a determined type of the af least one flash memory module;
receiving USB-defined packets from the host via the USB-defined bus and the
USB connector, wherein the USB-defined packets include at least one USB-defined data
_packet;
interpreting a read or write command from the at least one USB-defined data
~ packet into read or write actions; and
performing the read or write actions on the at least one flash memory module

using the determined memory technology driver.

20. The data-processing method according to claim 19, further comprising:
under the control of the USB controller,
identifying memory size and manufacturing type information of the at
least one flash memory module; and
generating an address translation tabie using the memory size and
manufacturing type information, wherein the address translation table is configured for
converting logical addresses in a logical address space of the host into physical addresses

in a physical address space of the at least one fiash memory module.



packet; retrieving data from the physical addresses in the at least one flash memory module in
accordance with the read command: and transmitting the retrieved data to the host via the USB
connector and the USE-defined bus. 24. The data-processing method according to any of claims 19 to
23, further comprising: under the control of the USB controller, performing an error detection and
correction routine for the at least one flash memory module. 25. The data-processing method
according to any of claims 19 to 24, further comptsing transferring addresses and data associated
with the read or write actions from or to the at least one flash memory module via an address/data bus

that interconngcts the Ugh controller 10,106 aLlsasione AR NEMOL D98 Sie storing the
memory size and manufacturing type information in an identification structure of the

USE controller.

22.  The data-processing method according to claim 20, including:
under the control of the USB controller,
extracting a write commmand and a predefined amount of data from the at
least one USB-defined data packet; and
writing the predefined amount of data into the physical addresses in the at

least one flash memory module in accordance with the write command,

23. The data-processing method according to claim 20, including:
under the conirol of the USB controller,
extracting a read command from the at least one of the USB-defined data
packet; '
retrieving data from the physical addresses in the at least one flash
memory module in accordance with the read command; and
transmitting the retrieved data to the host via the USB connector and the

[JSB-defined bus.

24. The data-processing method according to any of claims 19 to 23, further
comprising:
under the control of the USB controller, performing an error detection and

correction routine for the at least one flash memory module.

25. The data-processing method according to any of claims 19 to 24, further
comprising transferring addresses and data associated with the read or write actions from
or to the at least one flash memory module via an address/data bus that interconnects the

LISB controller to the at least one flash memory module.



