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Field and Background of the Invention

5 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.

Frasable and programmable non-volatile memory modules, hereinafter
referred to as flash memory or flash devices, are known in the art for storage of

10 information. Flash devices include electrically erasable and programmable read-only
memories (EEPROMS) made of flash-type, floating-gate transistors and are non-
volatile memories similar in functionality and performance to EPROM memories,
with an additional functionality that allows an in-circuit, programmable, operation to
crase pages of the memory. One example of an implementation of such a flash device

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

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

.20, without a preceding page erase of the area. This limitation of flash devices causes
them to ‘be incompatible with typical existing operating system programs, since data
cannot be written to an area of memory within the flash device in 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. 3,404,485, 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 cither attached statically to the host platform, or attached and detached
dynarmca]ly.usmg the PCMCIA [Personal Computer Memory Card Intemational

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

A more useful implementation would follow the USB standard, as described in
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including bus terminations, are isolated from the end user. Through the standard, the

peripheral devices are self-identifying, and support automatic mapping of functions to
adriver. Furthermore, the standard enables al] peripheral devices to be dynamically
attachable and re-configurable. .

20 A system constructed according to the USB standard is described by three
scparate, defined areas: USB 'interconnection, USB devices and the USB host
platform. The USB interconnection is the manner in which USB devices are
connected to, and communicate with, the host platform. The associated functions and
components include the bus topology, which is the connection model between USB

25 devices and the host platform.

' The USB physical interconnection has a ticred star topology. A hub is at the
center of each star. Each wire segment is a point-to-point connection between the host
platform and a hub or function, or a hub connected to another hub or function.

In terms of a capability stack, the USB tasks which are performed at each layef
30 i 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 USB between data prodneers and

data consumers. A schedule determines access to the interconnection, which is
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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 d;fauit
control pipe, always exists once a device is powered, in order to provide access to the
configuration, status, and control information for the device,

The transaction schedule for the USB 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 retried when bus time is available. The

flow control mechanism permits the construction of flexible schedules which

accommodate concurent 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, inchuding
token packets, data packets and handshake packets. An example of each type of
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packet 10 has been received without corruptien. Only host platform can issue token

packets 10, such that token packets 10 provide contro} 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 26 also features a data field 24 for optionally containing data, and
a CRC field 26 for containing the ¢hecksum as previously described.
Background art Figure 3 shows a background art USB handshake packet 28,
which features only a PID (packet identification) field 30. Handshake packets 28 are
25 used to report the status of a data transaction and can return values indicating
successful reception of data, command acceptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can retum handshake
packets 28. Handshake packets 28 are always returned in the handshake phase of 2
transaction and may be retumned, 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




- The USB standard, as described, has three main types of packets, including
t oken packets, data packets and handshake packets. An exanpf@h4008ach type
of 14 July 2006 WO 00/ 60476 PCT/US00/ 07087 4 packet is shown in background
art Figures 1-3. Background art Figure 4 shows an exenplary USB abstract
device. A token packet 10, as shown in background art Figure 1, features a
PID (packet identification) field 12, specifying one of three packet
types: IN, BOPVY6 5 SETUP. If PID field 12 specifies tlgukdopaeket type,
the data transaction is defined froma function to the host platform If
PID field 12 specifies the QUT or SETUP packet type, the data transaction
is defined fromthe host platformto a’function. An ADDR field 14 specifies
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: between USB abstract device 32 and the bus. Therefore the comnmections and

relationships shown in background art Figure 4 are only one example of an
implementation which fulfills the requirements of the USB specification. Thus, any

20 specific device for fulfilling the USB specification must have a specifically defined
and described architecture.

Unfortunately, no such architecture exists for a ﬂééh memory device
containing one or more flash memory moduies, which would enable the flash memory
device to connect to a bus defined according to the USB specification and thereby to

25 form part of 2 USB system on a host platform. For example, U.S. Patent No.
5,799,168 does not teach or suggest such an implementation for the flash device. As
mentioned previously, such an architecture would be particularly useful for a number
of reasons, including low cost, eaée of use and transparency to the end user.

There is thus a need for, and it would be useful to have, an architecture for

30 defining and describing a flash memory device which is compatible with a USB
system and which follows the USB specification, such that the flash memory device

- could sit ona USB-defined bus and communicate with the host platform through this
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phase of -a 30 transaction. These three different types of Habke086 are
exchanged during various phases of the transaction which includes a USB.
device. A schematic bl ock diagram of the 14 July 2006 WO 00/ 60476

PCT/ US00/ 07087 5 functional blocks in a typical USB device 32 is shown in
Figure 4 for an abstract background art USB devi ce. USB device 32
typically includes a USB el ectrical® interface 34, featuring a cable and a
connect oBrief\llet@ibtidnsof theMimsingal i nterface for receiving and transmitting
el ectrical si I r [ 5 specification as
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specific func |ons anﬂ t| es of USB abstract device 32. In addition,
function and 8V4l§é’5§ ‘EIF kﬂf?@ﬁm%ﬂh‘f}ﬁ@g'aaﬁﬁc'ﬁﬂ’%ﬁﬁé’éy Rost of the data
over thed®y®B bus. The USB specification does not define the relationship
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t he USB @Femfl catign descri bes on requi renents for the packets, and
for the '8F?l'fyc?§F°r‘§!Pﬁit°ﬁ'Pﬁ/%’Pie&F'”\‘%’H‘i’i‘ect| on between USB abstract device 32
and the bus. HiGes afacickerhdiie bekdiegearh oftie B8H Flagkbigk;i onshi ps shown in
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exists for a gyLce t 0 ar reflash menory
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USB system orrie. )ﬂ_ﬂ§hséﬂe?f{ail@ﬁiﬂékd:ég;Faneb'f%rfEH?neat'iJstgtus alkgt No. 5,799, 168 does

not teach or st such tion for the f|ash device. As
l—%gg%els a schematic g\ockrtra?agram of a flash erase request packet; and

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

Summary of the Invention

Example embodiments of the present invention relates to 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 controlier/ASIC (hereinafter termed
a "controller”) supports the USB functionality according to the USB standard, thereby
supporting enumeration onto the USB bus, as well as data reception and transmission
over USB pipes to and from USB endpoints. This controller also supports the
functionality and control of the flash memory device, as well as the processing of
command and data packets from the host '




menti oned previously, such an architecture would be particul arl useful for
a nunber of reasons, including | ow cost, ease of use and 4Bty ency to
the end user. There is thus a need for, and it would be useful to have, an
architecture for 30 defining and describing a flash nmenory device which is
conpatible with a USB system and which follows the USB specification, such
that the flash nmenory device could sit on a USB-defined bus and
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schemat | gsdhdifidy elisaBicAThAR cad f WA tsraﬂé%gd%%&.d DeEaFbne B FIG 18 1s a

schemati ¢ bl ock diagram o erase status nmary of the
| nvent i ORESCA mBeue; @ﬁﬂ%&'?‘ﬁ‘@ﬁ'ﬂ%‘er@ﬁe foneonpeclingsiatsaid WBWPW@PIOFr@IdéQFes to a flash

menory @@wmg @aid AKER ifrBi RGid WSS BFneBiF & 4 }falarahy Gft&i@é{n@é sighd’; iach the flash
menory |s a controller which has

a USB- de?qi cgi‘frrcf"g]g?%ng %rﬁaﬁfe}seﬁtega?ﬁ r‘?ﬁacﬁ aﬁ%ﬁ’r H@FPH@(fa!d(?&fa&%{I i nterface.
Thi s comflebttrn@f $igkBls® (obie signatea Bdiclogit eigmitdbeirg passed to sdid snéapt swpports t he USB

functi ongld h¥m@§ FiREGH; 1a kRctohdf inkdtie 3 0L said IQ&& %ﬁéls such that if

said logic signals represent a USB functional packet, said functional interface sends a

USB command to said USB confroller according to said USB functional packet; (g) an
application packet extractor for connecting to said logical interface and for receiving said
logic signals, said application packet extractor extracting at least one packet from said logic
signals; and (h} an application command interpreter for receiving said at least one packet
and for determining a command according to said at least one packet, said command
being passed to said USB controller.

In accordance with a second aspect of the present invention, there is
provided a USB flash memory device for connecting to a USB-defined bus, the flash
memory device, being provided as a single integral unit with a single external
connector, comprising: (a) at least one flash memory module; (b) only a single external
connector, which connector is a USB connector adapted for connection to a USB-
defined bus; (c) a USB controller which interfaces with a host over said USB
connector by providing a block-device interface and which at least one of reads and

- writes to said at least one flash memory module, wherein said controller comprises a
command interpreter which interprets read and write block commands received as
application packets over said USB connector into actions for said at least one flash

memory module.

In accordance with a third aspect of the present invention, there is provided a
USB flash memory device for connecting to a USB-defined bus, the flash memory
device being provided as a single integral unit with a single external connecior, the
flash memory' device comprising: (a) at least one flash memory module; (b) a USB




supporting enuneration onto the USB bus, as well as data r?ﬁ£@gﬁﬁ$ and
“transm ssion over USB pipes to and from USB endpoi nts. ol l er
al so supports the functionality and control of the flash nenory device, as
wel | as the processing of command and data packets fromthe host 14 July
2006 7 controller. The host controller uses one of several possible
protocols, either standard or pr ﬁrietary to signal the next command to

= dynan e deekE ot b SRR en B ot T4 uSE Eerklseiet s ce for the
host pl atﬂfeo‘?qﬁr’ﬁ Wltfna kestayerdaid tSBwbnnacter ahil whith esqseod widiés  kaid priesent i nventi on,
there i soRs shdethod mbéﬁ% iﬂeaééb H&E@Mc&ﬁﬁﬁsﬁil %%rué‘é)%gﬁ% et © 2

- USB- defi ned bus, the f nmenor evi ce rovi as a single
i nt egr al SYPRPTS PBR p'é’@?’ﬂ‘t‘jl‘*é"’é(@%ﬁ“%'y spaPiededh me@@’hﬁ\*ﬂ”@%‘ghlcw a) at | east
one fl asntemest® cymmmdsreceival as bpdlitAlion Gadkeis dvlr) satl USB eriBeE @y for

connect i - d f ned bus nd for sendi ng packets on, and for
recei vi ng&cp"]a% rsggatfléé%%ne%? "OoRY 88 ¥¥ned bus; (c) a USB control ler for

controlling S‘Iﬁ“a&:oﬁi%née%ta MR a%;Le%? t re}4t iit(r%gﬁl e|sepr0\.%|cfedcont rolling said

USB connector according to at |eas Gl oM t he
USB- def i He@iflash snemeiydavigerfartcopngetingitesa Mﬁlﬁ‘ﬂ@f@w bus, thertksh matioydevicesai d at | east

one fl askeingPesviey a |e62nteg£r5lhmanth€‘els’tr@terebd%hl cofHe8br ﬁ@ﬁasin%nﬁ,gnnectl ng to
sai d- USB,connect or ceiving said packets rom sai d USB connect or

as a pl uPI°P F?}“QSLP'"%?EQ@ ’F?S&Q"fe f??"g’ﬁ‘am%’y mogle; £) a3 eanecion pddptesce f or
connect i fegednoecsian o tied ©SA-défined bustzne kiate fa-ruénduﬁg" addrr@déﬁrlngtpiaél@tss aid plurality

of el ectrgal i I i i ignals, said ei ng passed to
said at Y'ée@gtusgnogﬂ%tg ?"éé %m#r@?r%@?éﬁg'ﬂﬁil% for cp r)troy;{nq %ﬁjc‘?tt 98% ﬁ?ﬂb‘er face for

r ecei vi ngesery dnodggiand & geramgnicatiodhon baid USB cosmecthr, |tagUSB shiajruliérs r epr esent a
sai 0 Ussmnghe N8 EhctorRinferb b aip AT b o B P el o o o
appl i cat Pa5HE e f”@%PP%l@?%‘P* paid fupeiond interinge eats erbsaill naskgtd@lani nt er f ace and

for r eceappl:damrs padet &H@YEE ﬁrtﬂl@ab&tnecﬁeﬁi dite? PR dl ﬁtﬁét?oﬁ’en inaedeetan@xt ract or
extracti ng | east one fromsaid | ogic ignals; and (h) an

appl i catf oﬁta% ShigEALe ?"nquﬁcﬁﬁ‘g‘t Rsjoket, &P'dr@etgtatﬁwcté%ﬁﬁraator Psindone” packet and
f or det eatriéast agommendriam daid packet]i ang (fipars appticatibn b@méndqﬂerpmket sai d

command angﬁtlﬁ@ & rgmesqwtc%mﬁt%béj ar%lﬁ%tc%g? toﬂtosla,de(%tlng{aﬁ% ZC O{hfjég e W th a second

aspect e preésent invention ¥fash menory
devi ce fWitte dhaedt tepd dromdlagh wemodehedwed whersin saliedelibashdynaeinallyy devi ce, bei ng

provi dedattﬁ&raﬁleﬁlbt@él-laﬁle'td"én@%ﬁlsafdrl‘.iSb dbidel nds. S1 NGl e external — connector,
conprising: (a) at least one fla menory nodul e; (b) only a single

ext er nal In accordance with a fifth aspect of the present invention, there is provided a
USB flash memory device for connecting to a USB-defined bus, the flash memory
-device being provided as a single integral unit with a single external connector, the
flash memory device comprising: (a) flash memory means for storing data; (b) means
for connecting to the USB-defined bus; (¢} means for providing a USB interface
‘functionality to said means for connecting; (d} means for extracting flash memaory
commands from packets received via said means for connecting; (e) means for
' interpreting said commands; and (f) means for controlling said flash memory means in

.response to sald commands.

In accordance with a sixth aspect of the present invention, there is provided a
USB flash memory device for connecting to a USB-defined bus, the flash memaory
device being provided as a single integral unit with a single external connector, the

flash memory device comprising: (a) flash memory means for storing data; (b) means




connector, which connector is a USB connector adapted for connection to a
USB- defined bus; (c) a USB controller which interfaces wi Huy /0%t over
said USB connector by providing a bl ock-device interface and which at

| east one of reads and wites to said at | east one flash nenory nodul e,
wherein said controller conprises a conmand interpreter which interprets
read and wite block commands recefwed as application packets over said
USB connector into actions for said at |east one flash nenory nodule. In
accor dand® sanrdsting tonihe d/SBsgrfined bis: {¢)emermne Jemproviding at U8R intérizee e i s provi ded
a USB flﬂﬁéfbnﬁﬁg‘?d ¥aifl 8Ndah§ fér%bnﬁé%ﬂﬁ@%)‘ g:orthl‘?laﬁd lﬁ@{%oﬂ?% d&fleys. the flash

menory device provi d as a si ng e Integra un| Wwth a single

ein
ext er nal eétfﬁ?hé'@f%ﬁne"i% c°'f“|'"é§‘l’§ frefio PICkate v feerivedo miar B&¢ ngeangafer at | east one
fl ash nmeroingctmadie) & cortlaindintelRetdrdbpdiative taﬁ}%p%ﬁsa%)éﬂ?\ﬂﬁérﬁg, Adapt ed for

connecti USB-,def i ned bu ontroller which interfaces
with a h%s é'ﬁ)o rtecga?!%?y erc%“f?ﬁaz'éﬁ g‘? 0%{ﬁfa ‘%F%ﬁ% AFEMEN P t_s to said at
| east or@p@ﬂsamamnyandmdul e, the USB controller conprising: (i) a USB

interface whi rts a USB pr ot ocol and A a functionally separate
flash menory ﬁf‘ff”@?f?gg he tGEm c‘i‘fmpl“ﬁ‘? H"éi)tPsd’@@? #bd as ‘application

packets eu@putGa{rdt) hBBmgC:ﬂlaﬁ&mn@Fsydth $hch &Qﬁ@@%n&&fsﬂﬁﬁs@*@&r | east one flash
menory Wgﬁ’éﬁﬂ In cordance with a fourth _aspect of the present invention,

there' is Wt?‘Fé&WPWEﬁB?VngéVﬁE“é’OﬁGF“’EGW& ng to a

USB- def i Batnhusd grsamamamnmwas%vao&,smbemﬂ me,%ws Iedrwags 2 Singl e
integral unit vmthTa | e external connector, the ash nenory device
conpri si RYicon Gyphies™, é%?t ﬁ@nnqtea%lwvmmg/vmmfére L(T‘H)( oper®B connect or

adapt ed sffin SONRGAKNGR SHRARREx !fs%n QmbwsS, 15;50' for sending and
receivi né)FS ackets via the USB-defi usmp“ il S)tﬁgiﬁlgﬁgcontrol | er for
control | vailgbly Oa‘éraqﬂsamtﬁr@mllﬁinas’heratngrsmte}nsmmdh}lséV:adWSDEF"‘ communi cati ng on
sai d USBg QRBSREE L stedd) Srohidh Gam nctional
interface adapt ed ytStS regel vé L%?Jn 8@9{1{1}&{&9@%& ((if%lcpéacket is a USB
functi onatd pskeiRReompyiatiepat QPH@FSI Wany PiierompYationalidsvierwideli a@n packet ; (ii) an
app! | cal LGReAAKS hokSAT AEALNS Ah Bhl HyRANISRLEGLAL bt e ¢ funct i onal
interface and adapted to receive an application packe sai d application
packet elmitedttp SYindoptsPEEt Windowsad x™" asttiche'xC Brmiutegef sucinas$#l, d packet; and (iii)
an appl i NTPIRR @ L8 L8 fAadapt ed t ecei ve.said command and to
carry outmlgda% cor"n"raﬁ “}sg}tch ﬁvfscata |a§qu?%F‘5‘é7§S‘?’3°5§fﬁwr ead from fl ash
menory nepttdtiag systems by Migesofl idefSeate, Wasliynianiisa).l y att achabl e/ det achable to
and from said USB defined bus.

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
or a controller which has 2 USB-defined electrical interface and a USB-defined logical
;'ntcrfaf;c. This controller/ASIC (hereinafter termed a *“controller”) supports the USB

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




In accordance with a fifth aspect of the present invention M%rﬁ
provided a USB flash nenory device for connecting to a USE?1 0 %d bus,

the flash nenory device being provided as a single integral unit with a
singl e external connector, the. flash nenory device conprising: (a) flash
nmenory neans for storing data; (b) neans for connecting to the USB-defined
bus; (c) neans for providing a USB interface functionality to said neans
for connect MJ¥4Y) nmeans for extracting flash memory ecnoswmmes from
packets received via said neans for connecting; (e) nmeans for interpreting
said commands; and (f) means for controlling said flash menory nmeans in
response to said commands. In accordande with a sixth aspect of the present

invention, thewssubus a@\ﬁ/éll/dsqgﬂre%eph%d@a@s%ﬁss@ﬁ%pgrhsgg)yfegﬁ c?ﬁorﬁﬁgﬁec“ ng to a
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integral unit SRPPIAL Sa“%%cr?gtr@%%!@émaﬂs Befraetiongdity aﬂﬂlqentmf ¢fetls#ﬂasiermry devi ce
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7b for connecti n?l&ﬁolﬁe?gs USB- defi ned bus; (c) neans for provi di ng a USB

interface fufey Lfoptre ‘?‘BSW%SWW]RS’WWW& el(bdl)Sf%d@bmmnd

extract or opevmioprietatypto sipsiltinaiexticbas hdB pOSYHOERATRALSSE Il packet s recei ved
via sai d nmean n[roler ﬁo %%ttl Q?.% cg %{sa command interpreter operative to
interpret said comran S £ e I¥rarIealy Aitighay cgsliptieponoper ati ve to
~control ling smlalllffdttamdnumfbmhmmatfoﬂn response to said commands.
Hereinafter, the & ) ter” es, but |s.not Ilmted to, personal
conputers (PC) ha\ﬁgﬂaﬁg‘%@é"’r" a Fi“?\gprh%ll ?é?ﬁogﬁ’t?ﬂd‘g tig36@nd Gap Rejows TM  OS/ 2TM or
Li nux; MAaci ntWW@@)WI@HSﬂtmhmeMSSthhaﬂbddgneﬁAVﬁBMleaﬁoﬂ he operating
iﬂyii§?ys?2ﬂs?§*?“§ﬁ%"ewﬁ%m“ R S B P b e 8 Fhavi ng some
versi on of t hdoWipsundpsioad thpigne .@‘pm@m S;kdbh ﬂasrt,ém;\(ébi'ateelthaﬁﬁ]:_ﬁaieﬁTM of Sun
McrosystemsTMmt&r ams h&hented WV R1 & ystem

i ncl udi ng oper g eerr}g setIchh asn?/v nﬁg%@ﬁ?ﬁn‘@ﬁ& Eﬁ’b"ﬁ%é@ syst ens,

i ncl udi ng cel’rlrl fsmatives fillingwihip the spiptalshcicoment indentibces  and pal nt op

conput at i onal devmﬁe;&;ncandmﬂwerﬁﬁdﬂ%faQm&ﬁh@eﬁ&rﬁﬁh dﬂéﬂa‘é&r&é\@tﬁh can be
connect edigo Hereinafter, the term"Wn i'ncludes but is

not |inited ﬁop rWﬁd%ve" TR PP goindergogdryifh rRfergasedmthe drawings apd thent eger such
‘as "1", W ndowsiphfIyiig descriptiehoinsSTitiersb i pavineeRaFawingd B gRRY fodPYr aded

. x;ﬁ: ﬁgtsoﬁf B%%)ﬁgtweg%gﬁ brﬁ}gan%%ﬁa ol he yto't\ﬂe:f:ml(?ggft Inc. (Seattle,

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 merhory system 42 includes a host platform 44 as shown. Host
platform 44 operates USB flash device 46 as a non-volatile storage space.

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

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

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

3¢ memory module 58. Flash memory module 58 is pfeferably 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




Det ail ed Description of the Invention The present invention, i f a flash
menory device, containing one or nore flash nodules, in \/\Mt’:‘ﬁ?’fq{?@ flash
menory i s mapped to the address space of an ASIC or a controller which has
a USB-defined electrical interface and a USB-defined |ogical interface.
This controller/ASIC (hereinafter terned a "controller") supports the USB
functional i u?)?o%%r ding to the USB standard, thereby supporting enuneration
onto the 14 ' Jul'y 2006 WD 00/ 60476 PCT/US00/ 07087 8 USBchuswpwasr wel | as
data reception and transm ssion over USE pipes to and from USB endpoi nts.
This controller also supports the functionality and control of the flash
menory dev, as well as the processing of command and data packets fromthe

host - cont r ol $tandard TI38 ehwadrativn ptocek takds plis€ S BRGroRfss &Y Blh@lmR9SSi bl e
to,signal the next conmand to

protocol s, ei t r.d,5. or proprietary, ] |

be perfor nedyjog?%ﬁfwﬁggﬁ#%gﬁw%gwg&dm Pl copmpgicayyavip{{SBrfleshievi ce acts as
a dynani cal | ydesice ugh theteacshadaly diffeent ma)dator benfighdi-a6® Mheyi ce for the
host pl at f or ngeydisd ?orhg‘f)m;pﬂéé?&tcilﬁ s %@sc&pti bl 'ltgfl) \§ar i.ous nodifications
and can be inpl eménted usrng rran;E}' At B RAPTW stngipade bedimiing B di nent i s
shown by way Rsfsentenyertion igsixplained in peater detwil belsw st rapbddlio PRelasiar i bed in
details in tReidHokiQMsh be t ood.that, one of
ordinary skill X notf%e artﬂg%gfsgg%ag%%ﬁ{%?mftﬁ%%@a@ﬁge"“'ieHgg’muiglbn coul d be
i npl ement ed e FPPBlLE % pladerm 44 iyerieT HEB ifiathatavicats thioughahoaheer al |

‘modi fi cat i onsndpdsht B @S\ Mah b€ Snd Rbdiv lathd e spirit of the current
i nventi on. The.ElrgH}éei pl es agrfd operétc?%hamg%g%%g%&?%sﬁm RA%e and system

accordi ng to " rfﬂe’é’%%nt invention may be better understood with

referenceitt o t he Hosaphifgs 43 iduésh@ervRECRINPEEY hif 4 &QfﬁibPEénﬁi'ﬂ it being
[ t Ive ﬁurposes only

under st ood t he d i.ngs ar iven for 1llustra
and are not E%Eé%s% P atcgg%tgr("%grhogic?ﬂj@ﬁﬂg‘f‘e‘ﬂﬁ byt genipllenS4 trasmitspadkalgs, Fi gure 5
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i A flash nenory

device and sygf ing, to the present 20 invention. .
system 42 inclu esﬂgegﬁ%‘gdt ]Sgﬁ'ea(ﬁ%er?ﬂtﬁﬁ“ﬁ%"‘%‘ﬁ&&)ﬁTeqPﬁ‘sPSBﬂaﬁtqcb‘P?n 44 oper at es
- USB flash detéellerds thsn perfoons wadbatopéretions aich g eApaCRritindQs bradlgdlalaor M 44 is

connect edist 0gblalB ilmg@g, cording to t esent. invention
t hr ough a USB cabl e 48, Hos?lgdﬂ[}%f)? g’ro(r?hs%ﬂorg%??é‘&t By Cfﬁﬁilgémhé‘sw t hr ough

a USE host cBftRecrareratign angisoptiguaie. {USBShsidievice end@iee S6vardlsissh USB cabl e
memory module(s) 58 by using a control line 60 to control the power of flash memory

module(s) 58, and also through various other signals such as chip enable, and read and
write signals for example. Flash memory module(s} 58 are also connected to USB

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

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

25 status for different operations requested by host platform 44, USB flash device 46
transmits status packets using the “status end point”. According to this procedure,
host platform 44 checks (polls) for status packets and USB flash device 46 retumms
either an empty packet if no packets for new status messages are present, or
alternatively returns the status packet itself;

39 A more detailed structure of the functional components of USB flash device
46 is shown in Figure 6. USB flash device 46 includes the physical and electrical

= interface defined for the USB standard, shown here as USB flash device connector 52




25 48 through a USB flash device connector 52. Host platform 44 features a
USB host controller 54 for controlling and nanagi ng all UsBIY% 0t ers on
the USB bus. USB flash device 46 features a USB flash device controller 56
for controlling the other conponents of USB flash device 46 and for
providing an interface for USB flash device 46 to the USB bus, USB fl ash
devi ce conngctor 52 and at |east one flash 30 nenory nodul e 58. Fl ash
menory nmodul'@ %#¥416s preferably an array of flash menor yeros@ihes 58 in
which the data is stored. Wenever USB fl ash device 46 becones connected to
host platform 44, a 14 July 2006 WO 00460476 PCT/ USO0/ 07087 9 standard USB

enuneration process takes place., In this process host platform 44
confi gures USE'ARRKCDErrofd USRI flashdevientonusttorimmsiviestat tlemvioal t h USB f | ash

devi ce 46. Al tijylsGiomi USB QbRI48 WIRR Yardtbd S@EENioHAL BOFRod WnsARfiQUri ng USB
flash device 4%1 for the pur poses of claritflq%r_\ y and W out”i nt endi ng to
"be limting, PRE )57%?58?&%‘ 917, (Ehpasts A thraugh ssmegtorénterfore 6k Baarer det ai | bel ow

Wi th regard twilisecont,RAISE Famaibichcdra e lﬁ@&éﬂﬁé&ﬂu&%uéh%ﬁéﬂﬁéck&?mnds and

requests tg I evi.ce 46 through one endpolnt. st platform 44
queri es USB Eﬁggﬁtcgé%gaesﬁggw%% bugh the other endpoint for status changes,

and receives rel aCeshegackietfaei6h thamyecs vt MheRARKRErelS a AR g 10 be
Sending r squonp s el E e b TS el Btacy il cont 1 of Ler 54"
transm ts pacRietese 6bis sesifcalblesiouts to Tivbaeoke@PiRAed £ dafiRd iBsEUYEd by USB
endpoi nt o the it a i) detiRa B na g f opiesorehar kgL for s
various oper gf%6REd etl¢ o pasicplanfitictignal ewpedts afISBIlag RSicqp Watipard > fromor to

evi Ce. ononmar o Lan o o aer WA Bl ARt Bor bRt bt & 6

devi ce enumer%bbﬁgl and configuration. US
controls flag AO9GVitrsteu & flash disk appprdingitmthe aregronivention. Thee et 0 cont r ol
the power of phdkais hndBsimrespective ehttrRlSiha B4R BHLRIRB nbil af#%hff‘r\g?r(ljm?us ot her

signal s such read and wite sign or “exanpl e. Fl ash

hi , d
nmenory nodul é%: n?glgﬂgggﬁgj?’%b*@@?fﬁgﬂnéﬂ’iti?ilﬁ@gBSBZ@ﬂShﬂa@ﬂdeud adlecaont r ol | er 56

by an addies sysolatea o UISBGBsh dslide 865 HAUSE Bk 162, hﬁa{aﬁ&%ﬁfacgwds for
n flash menory no (s) 58, as
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device 46 on the USB bus.
USB flash device 46 also features an application packet extractor 70 which

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

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

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

30 spaces of USB flash device 46, There are many ways to implement such a translation

which are suitable for the present invention. One example of a suitable

imp]ementation of an address translation method is described with regard to U.S.




manuf acturer of flash nenory nodul e(s) 58. In order for USB flash device 46
to notify host platform44 on the result and 25 status f or'4 ¥ # QP ent
operations requested by host platform 44, USB flash device 46 transnits
~status packets using the "status end point". According to this procedure,
host platform 44.checks (polls) for status packets and USB fl ash device 46
returns eitheévomisdeerpty packet if no packets for new stq’t us nessages are
present, or alternatively returns the status packet it sel oIR8y e
detailed structure of the functional conponents of USB flash device 46 is
shown in Figure 6. USB flash device 46 i htludes the physical and el ectrical
i nterface defi n&derftdb. 5,48, 495Br&toaad ak or&EEPﬁéH B f h device
“connect or 52-14%1%?%& 006 %doeto/ eogzetq%cwu oﬁ%‘%@%@%ﬁf‘gﬁ}“gﬁjﬁ%}e{%’nnector
interface 64. U 28K HBVIEdoTmREes ilask mepery @b g Besh divk arel véihris cal

si gnal s from USBuiteldfoe optatiahiviththe prefdnSsvealiget ri cal signals from host
controller (not Sh%V@a)[. T@e?g sidgl:)nal s are then passed through connector
interface 64. Every’ tilPUg /S handies dumpslatad apnscts of amroceivel commbdue, sSB- def | ned

bus, such that paedvetgsheciatalddough fBRIGENhteliRe KPR V& Als, Connector
ese packets thr ougahhg&?iﬂgsgltmol AP Bace

interface 64 thﬁpr}ibrﬁgei %es tg _

conponent, whi ch'1°8% 2BARBCRER: dahender76 asdrnogiveabr donteivh ade 66. A
functional i ntdetebidmandibdi. AppRAEdH domiahd; j receiv ken packets
as defined in the USE fication and & %E)e?g@%(‘%‘t&gf‘%/d%&&?ﬁia%gﬁwth

S
regard to Figur eS%!f.e mpfg ZfiﬁL‘TPE’E‘F%’H@I&EP%deﬂﬁnaMempwlTatmdlogrmﬁvet oIy ti cul ar
f uncti onal aspe7(8ﬂ$wdﬁe,%r%ﬂaﬁ&baﬂﬁMﬁﬁﬁslﬂrﬁo&M@S‘ﬁQﬂ@fhgdesfrg hleSdn hof the USB
standard, apgd %H]%du[éas\ée any relation to particular app EEOPOR of usB
- fllash device 46 as a flash disk according to the present invention. These

token. packets and Hereplatiormsidetkafer salswhane idoks mackatsiEnalg USE host

controller 54 GRAL pacEHONL 0St. tform44 (not shown) to identify USE
f1ash device 46 and all oca’yglﬁ &rd%‘gﬁeﬂtirégvg?“?ﬁ?w%@BSHaFlaéY?ﬂéf%WU@eg 46 on the

USB bus. Thus, Hesfiiétysgackets, UitBelidshdeics 86 el pnsofiy PRk R bISR HERLLRNAl ity
needed for theofdgatit boaidd® R0 S | ragpon of USE flash device 46 on
the USB bus, USB f|ash device 46%‘?05%12?}35? u ’é‘étsé?‘i’“%fb%{“?té@ﬂ"i“bﬁ(’fpac ket
" extractor 70 whERe S iepdgopunapd gatupnscket eniabm onkadfaheanstiabo BBROESS r om t he USB
- application pasketssuseseh) e dhataidRidioathQ kgt extractor 70 supports
only -applicati g)égmlh%glt ed aichets. Next e Qmpd%ﬁsgmﬁé}om to _
{ e resulf of the read command (not shown). Similariy, the erase status
packet contains a status word indicating the completion of the erase process. A write
status packet is used by USB flash device 46 to notify host platform 44 about the
20 result of the write command, for example whether the command was successful or

erroneous, and whether USB flash device 46 is ready for additional write requests
from host platform 44.

A Memory Technology Driver, or MTD 78 typically contains routines to read,
write and erase the flash memory device controlled by the controller operating MTD
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

25

particular flash memory device atray. In addition, an identification routine should be
able to detect the size of the array of flash memory devices, including the number of

30 flash memory devices within the array, and various features of the flash array
Beometry, such as interleaving and bus width. This information later enables host

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




any requests to USB fl ash device 46 by host platform 44 (ng% va\n), in the
formof read, wite, identify and erase commands, are int ﬂhﬁ 08 by an
application conmand interpreter 72. For any conmands which involve data or
an address, such as read, wite and erase comuands, an address resol ve
nodul e 74 translates the address from 25 the | ogical address space to the
physi cal addrweswapmce. Host platform 44 (not shown) relates to a |inear
addr ess space of |ogical addresses, while USB flash devi'¢@ B3 nt ai ns at

| east one, and preferably a plurality of, flash nodul es 58, each of which
has a physical address space. Thus, a tr@anslation nust be perforned between

the |ogical adgg host. atform 44 (not shown) and physi cal
. address space or ﬁéggggggggkgtg@"?ﬁ g?ﬁoﬁgweg@y&é?ren%éw@osg?@me ways to

i npl ement  such oA stohgn &R foomilasviévich. are suitable for the present invention.

One exanple of a suif;able apd i.on of an address translation nmethod
i s described with reg]g?d ?%d"%}.?‘!é‘s{%@{“?ttﬁf‘g BRI rs6 BatfemrdTAUS00/ 07087 11

Patent No. 5, 4GRUomBLY inplenhicoy mplitaticowpiok ategletnbrivhancegas i f ful ly set
forth herein, mWhEPmiHeEHeD fa [ pnaging a flash nenory as a
flash di sk and whijch ip;p sui taﬁ?if“?%‘?m%%% ?‘i‘“&%k\hg["ﬂwkh@s‘p?‘%ge%‘yi nvent i on.

A data handi er “¥68KahtndYd laskdevist imterltcoas pelk tppliation myclrae @ alayede conmands,

and 5 conveyi eQrdghficikh Shdddigtahyd, WGLio0Rah b Pehibd ?ca%s Gg Ig and from flash
nodul e(s) 58. tional and preferably, data Randrer o ed‘p Pt or ns any
R Sl

error correcti etion met hods. Application cammand interpreter

72, data hand er 7GAembxasiok aaoreruta ohR IR bl RBRIA © W Eh an
t(? wite, reéad or erase a

under | yi ng Technol o Driver (MID) 78

particul ar IMB gg#‘%’ﬁﬁ&&%@%%“’c“ﬁ@ted 3 VR flgsl dpves geqordingtathe peenf | ash nodul e
58. Host pl at f bwentitd ischedhs! Witregaidas the pbang 8Bl aMSBbhaskigevi ce 46 and
reads status gg&:igg @c;arsﬁglhug‘%hfdl ash d%\l/i ce 46 wheén a néw stdtus pacis
avail abl e. Using these status ORAEFY thegamoses aidusyation oaly sd withiout r ansmi t |
to host pl atf oftfandiag tottisdimiteg in 4y wapftheckixb:fustirg USBERINERREShas G548 0Py host

pl atform 44 i ngjet SH&S 0, a) ... r..15 ex | e, the read conmand
st atus packet conffagiyﬁs ongég‘?&t%?f%%‘%’é%?@“‘é‘i‘ﬁf’ﬁ%%&g?ﬁ?ss tEagRlpHio s
"success", ™ er PRl is vithir the,fash deyicg deftheidost plagirincipenrablieb el sidrsal f orm 44 t o

determine the Ansm&mﬂﬁaddhau&%@&s%m%é{a&% ) imlarly, the erase
status packet co\%tpawg a status word indicatlng éahg%ﬁ%}f%rf"iaé of the
erase pr ocess. ARE}OR data packets, and are transferred through USB data pipes. The exact

structure of the packets, pipes and timings are described in the USB specification.
The operation of the exemplary device and system according to the present
20 invention is as follows. When the USB flash device 15 first connected to the host
platform, the USB host controller assigns an address to the USB flash device oﬁ the
USB bus, and also assigns resources as described in the USB specification. The USB
flash device actually asks the host platform to assign these resources, and must inform
the host platform how much of these resources are needed. Thus, the USB flash disk
25 can optionally support slower device speeds if the USB host platform has already
allocated resources to other devices.

The USB controller also negotiates with the flash modules and determines the
size and manufacturing type of these modules. The controller then builds an
identification structure holding this inforination, 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




status packet is used by USB flash device 46 to notify host pI atform 44
about the 20 result of the wite command, for exanpl e whet A&yul¥ 2086 c onmand
was successful or erroneous, and whet her USB flash device 46 is ready for
additional wite requests fromhost platform44. A Menory Technol ogy
-Driver, or MID 78 typically contains routines to read, wite and erase the
flash menory device controlled by the controller operating MID 25 78. In
addi ti on, MMOEMEDHt i onal |y contains an identification pe@ikiofsf O

recogni zing the proper type of flash nmenory device for which MID 78 was
designed, so that the <controller can determ ne which MID should be
activated upon interacti a particular flash menory device array. In
addition, an COBRENHS @apﬁgr@w@mﬁoi{@, @H%’Eﬂthe@eﬁol&bloeranmltmt ect the size of

the array of ﬁdeﬂﬁtaﬁﬂﬂﬁ@ﬂhﬁadﬂ:@t\ﬂﬂgﬂﬁwnhm Nihedilf tﬂ)ﬂﬁp&% 1 ash nmenory
devi ces wi thi %Ig Eei %{%ﬁy &nd i ous features o? ar ray
geonetry, suchREH ohsg “H’gﬁ/ Eﬁf?scﬂp?ﬂtﬂﬁevmﬁv@ﬂbwmm@ugutmt er
enabl es host Zpldallﬁffmiiﬁm‘ﬁ&kai%tais@béﬂti]&aﬂefd P Berfl h ce and size
of the stor aggﬁg%% gz Vi 2006 00/ 60476 PCT/ USOO/ 07 §
Patent No. 5 8 &fé'ir;i?tolr RLBE Yo HesBgevise receivey idensification scl oses an

exanpl e of sdaspaaket 80N @dftmnsfﬁs the asefaticlg vdde 6f thSidERt bendRRvVemedescr i bed

prot ocol and EHmBE&)SHﬁ dmI{;ost ﬁpI atform44 can optionally inplenment any
applicatlon I'S |rrp e with any regular 5 nenory mapped or 1/0O

mapped fl ash rrerrorhyredl@vmtethel‘—‘xdcntéﬂammhﬂnd hﬁSlhshﬂlleﬂf:eftﬁéxfBelﬂﬂan can give a

standard bl oc ti h as .a magnetic
st orage medi uﬁeﬂﬁﬁtﬁﬁdh%&ﬁ%%ﬁ%m’}v&13%% E‘%"édg °ﬁ%t‘h%§%¥éwﬁug| y descri bed

U S. Pat dht Tgure 5, ideptificaion daespagieet mmbamoénmnmmﬁ eiouetle grhodicnent of the
present i nventdskfevick iiea Aon BRE:ALL § em caonnected to a USB
flash device acscorvacl ng to theepresg(riugtf aﬁ%‘ﬁ%hf%ﬁ%?a qr&} SEREMN th regard
to the procesBBEaeraseyaitfor piasingthe Bpsh gremaryiiman crase sutiingicat 8. er asi ng the

fl ash device. For Allhﬁthep.{cﬁa§@s%cr€hfcdln|thlk'§£ 'a%n%ryha% QﬁcgtsW'h gyt intendi ][‘9
evi ce has an array o

to bellmtlnsgnt %PVMBi npl ary SBfI
two flash menory e é"o(f‘f‘neaﬁ d‘ifv?rﬁ%’ﬁ‘f%‘“’%&l%ﬁﬂ”ﬁﬁm‘t@@ The address
transl ati 6h I&nsneitddeinstarcting the USB h@trbhashto(ﬁfé\&ﬂ&ﬁty%@th% Iaé’xtlcem?@];mrg kAt form

oper ates W ¢ Rkl A0l BESE rahlesE PR LS AN ot oFin S s, Pt ee the

fl ash device an
the USB controller issnes 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 star{ issuing read and write commands to the USB flash device with the ,
20 application commands. When a write request is sent, a USB data packet with the
operation code for the “write” command, and the buffer containing the data, is
transferred to the USB flash device, A write data packet 90 is shown in Figure 9,
which again includes the fields shown previously in Figure 8, except that write data
packet 90 also includes a write field 92 with the “write” operational code; an ADDR
25 field 94 with the logical address to be writté:n; 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
qddress resolve module which translates this logical address to a physical address on
30 one of the flash modules. The data handler optionally calculates error correction and
detection mechanisms if employed by the USB flash device. Once all of the flash

memory modules are ready, a “write” command is sent to the flash modulc or modules




carried on USB data packets, and are transferred through U§£lg éa pi pes.

The exact structure of the packets, pipes and timngs are L864%%ed in the
USB specification. The operation of the exenplary device and system
according to the present 20 invention is as follows. Wen the USB fl ash
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 al so

assi gns r esS 84765 described in the USB speC|f|cat|ommmﬁh@mH§B flash
devi.ce actually asks the host platformto assign these resources, and nust
inform the host platformhow nuch of these resources are needed. Thus, the
USB flash di sk 25 can optionally suppoFﬁ sl ower device speeds if the USB

host pl at f or nedasning theﬁﬂ;ical adzdr@s&m@dn{a%%ibhﬁlg%f;&f)ac%ﬁ%m By Lgees. The USB

controller al | as es and determnes the size
~and manuf act u?igng %W@ioékﬁ%ﬂ{wlo*ﬁ@“é%WﬁoW@r canifeand pii | ds an
It dent i | f It cati ?QE}J ém/uiﬂgw *%15 Iniict Fmrmilgﬁﬂdsﬂﬁﬁﬂmttb e US?%eWt@éhJon%%lglt Ee t

ransl ation ogi cal ,address space. er e 0s
control | er ident %%eaog a s{(ﬁ%ﬁ# 4 A SEaLpasket IsrrRmerbie the MRy thegpsyit of t en
upl oads a USBLdhappratialyis rawmith e thirliottebntiocHsUas patkditsl@p uiide@atd gn request 14
July 2006 WO RO%HP44RARECT/ USO0/ 07087 13 command to the USB host

control |l er, causi Q’\&x the controller to transnmit an identification data
packet 80, shown ifperhgfllpsh controliedivishési toaiiting ppeescahe @atelendighBe Pl D fiel d

22 and checkstdMdsi it that @S stdESFiHlARS RLEVI Ous&é,\‘fﬁ%ﬁ,&%kg round art Figure

2. ldentificati on packet 80 also contali ns an P¥tion code in
an operation sending fio Weifeptansd packet 4 60, pa@m:@manldnpbéedfhﬂa fkPod | ash devi ce

recei ves idenirié i;tﬁt@dﬂa&fbt 1602 RRRAE K81 SR1A09. Tk ﬁgﬁhg{f rea%s ptstgt?t I P% ?gggogfse

t he "|dent|fy" nd the application co

to the "ident¥ ‘I"lﬂ?t 85‘&%@1’6""‘?‘?1@@%@%@&%@@@ $etps lsielmtlsﬂﬂaﬂne hestlent i fi cation
data pac ket &lhxfomhmm&vasmﬂzguﬁrecn&he dotpRASH dedr@bs 1R mcomn%g%shom in 10
Figure 7, ?‘Pj é&}.gdlﬁa@hg cke 4 al so contains iInf tion about the
si ze of the eV| ce in [RRUR el flash mepogy deyigt 1gp@B ADPR G | as

i nformati on é?bemLEN]éeléPQm Oederfohfhehmﬁlhﬂfﬁizln t&ha¥8 8 réfdibrice foQfie SEAR! NQ the flash

Menmory i nisan c&haAse MRkd to3iafs 88. Al of the packets described in this
exanpl e are gnly ata ptgct( ggc\l]/fﬁllc% are sent on the USB bus. Before each

data packet is sehtshown ES’&UFQ)kIem “rprlabautst’l mcket 104 contains the operation
code for the “read” command in a read field 106, and the logical address of the desired
location from which the flash controller should read in an ADDR field 108. Upon

receiving this command, the flash controller issues a read command to the MTD

20 block, after the address resolve module has 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 error occurred, the flash controller sends a
signal to the host platform to indicate that a new status packet must be read. The host
25 platform issues a read request and receives a “read status” packét 110 as shown in
Figure 12. Read status packet 110 contains the address of the read data in ADDR
field 108, as well as the length of the read data in a LEN field 112 and the data itself
. in a data field 114. Read status packet 110 also features the status word, according to
which the operation was completed, in a status field 116. The read operation can be
30 completed with many different status situations such as success, fail, error detected,

‘invalid address, invalid length and so forth,

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




15 transmtted, instructing the USB controller as to the iﬂ;nﬁie%% of the
~device end point to which the data packet should be trans % .6Upon
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 platformreceive this status packet, the drivers can start
issuing read and wite commands to the USB flash device with the 20
applicati onVOIMUMds. Wien a wite request is sent, a WeBuskihmsPpacket with
t he. operation code for the "wite" command, and the buffer containing the
data, is transferred to the USB flash device. A wite data packet 90 is
shown in Figure 9, which again includés the fields shown previously in

Fi gure 8, excépt platienn ipguestap “crateaequpdgliciet A8, BbSPiniF dfeShigpatkdite field 92

With the "wi {61006 @l code. .an ADDR field 94 with the |ogical
address to be W tten: % Lg{ﬁm&?‘é;f’%?”éﬁl‘?ﬁ?sfﬁdﬁ%ﬂ'ﬁ‘é’r}@ﬂ%‘%aﬁkﬁsﬁmten; and a
DATA fiel d 98 exiffiush itamARPR SeldAge. divouskcidag euch Drofhidst, e ATARoRAALE!
extractor ext kaflags G RAELALL ode fro ite datag packet 90 and
transfers this.  code togg{ahe aﬁg??@g?l?%ﬁmceo °SF A teghysicgthe | ogi cal
addr ess i s>t r ¥Ereinaceg of e flash mogwlely ad sssuce smbrve comnibideo MRINGID Blans| at es thi s
| ogi cal address 't ahg eRkYPbLdlceRtH) 68 8 ne of,the. flash nodul es. The
dat a ‘handl er titﬁnal I %al c_f‘ﬁeat eg%g%rngo?e ﬁz,]g?r%ncﬁe%dnoré‘ﬂ’(ﬁep%fsecti on
nmechani sms i f "SHpPEYVES Ppcestiefinisipd. thepamtroflendotifes t@rimet pdtfornod ndwhe f | ash
menory nodul esatéyackeeR@ady @ traMdiriit The CATNRPG,cd to the flash nodule or
nodul es 14 Jul%ﬁggp V$ 00/ ?_,0476 PCgI'/ USOO?%%ga}‘%‘%ﬁ}ancgrrﬁea a‘nqsng the physi cal
addr ess, whi cfi ot PEHA el 4nErate siots parketd 24 tratvins e addrbsashherodul e t o
the MID blockerastdenitvii BDIMIROGAID 120 therbty PRk tﬂé%ohéﬁéifoﬁf?@ﬂﬁ‘?%&%&a . the
s to the e

dat a/ addr ess ich connects the flash ‘nodul ] vi ce ‘
controller. Id%éeyxf't;‘lh%q%e%%?gﬁsgﬁ“ PEOHBEH whigh theeperation weapomplaleitist i s r et ur ned

to the MID, tHwevideddnid ttatls fofd R2de operation is transnmitted to the host
controll er and passed to the device driver in the host platform Wen the
~flash controller finishes the witing process, the controller signals to
the host pl at f or ritt¥ithbe appescigtedtheigheabottehieschiSBng hrasflend®I@MMo SV € has
changed, by -cs@RflisNGid@hat ¥ s" packet. 100, .as shown in Figure 10. In
pl ace of data fi e% 98, 10 ’&ﬁeﬁe’g@t@%eﬁ%a%&ﬁ?‘é’#‘%ﬁ"i‘%i‘ﬂ‘%‘iaﬁ%‘ha status field
102. The host™“PF 8t FOPHRIFEANEIMMe status packets fromthe flash nmenory
device, and fromwite status packet 100, the host platformretrieves
information on the conpletion status of the wite conmand by




reading status field 102. In this exanple, the flash nmenory device repeats
ADDR field 94 and LEN field 96 in order for the host pl at%l‘bjr”fﬁzloge have a
reference to the specific 15 command related to status packet 100. As
shown in Figure 11, a "read request"” packet 104 contains the operation

code for the "read" command in a read féeld 106, and the |ogical address of
the desired |location fromwhich the flash controller should read in an
ADDR field 108. Upon receiving this conmand, the flash controller issues a
read command to the MID 20 bl ock, atigimthe address resol ve nodule has
transl ated the address contained in ADDR field 108 toa specific physical,
addr ess i n breUSR flisheembgbviedorpomesting o AMIBBAdefihel thi, fizMlatandinosl | er recei ves
the data fr Vi GR: 8 \ 3 read .commnd was i ssued,
or if an er ?{)ﬂ& E%%gfjljrrd?z%? g‘)f\ahéén%%l“(l:{'génrgil @%ﬁl‘{@{ﬂtﬁ%{gg e%%‘.ﬁ S gigmtgsri Cé’nmg'fm?go t he host

pl at form to i ndi@&t'eastaqaflash memoyy srodele &r pravidedptamust be read. The host 25

pl at f orm i ssues (9 alUBBAokREbIEScoRBEling BABE YR ddined Ri8chaThalddsy pRacket 110 as

shown in Fg %rﬁgﬁlrg..vl?ead stfat ushe‘%ch(?}} ]ato-cont ai ns the address of the

read data iR FIVEE gk Egiond Y8 MNE | ength of the read data in a

LEN field 112 afraURB cetdpberifdrs@ltblling snidet Bast enefflagh mibniblydnodRRanl i at us packet

110 al SO eghiifity sl BisB-Anbor s fling 35 & Wall NGl ol o g L RRET AL T ON WS
field 116. f d e

conpleted, in a status d 1 he read operation can 0 conpl eted
with many diefipediben puck that date isynitien 9 agf sead e sairkat lsast oxedlosh themiory,  er r or
detected, memilid address, invalid |length and so forth. When the host

pl at f or m needs erase a rase unit in the flash device, the 14 July 2006
WO 00/ 60476 P dﬁgb%?%‘?ﬂé’ge‘%%ea*%h‘iﬁ’g‘fe°‘ﬂ}gé‘f? USH courreter and for groejine vaidyuest
packet 118,pasiets\isamisaid BSHuemmect® as Aplinglitp abdtetricaleighdlai ns t he "erase" operation

code in an erasg{ g8k inksf) ogical .address of the erase unit in
an ADDR field 1 % O%poh re%eef?lr\}?rﬁ%aglﬁ Sg{g e?egtagaglsn{ef t%‘feﬁ%é ?Of Qanﬁlaténgnt roll er

lt: as
transl at es StiH&vragyiof slpctiiggtpiznals torlegiesiganly.shid dgicsignalebeingipassaidelsadds on one of
t he physi catastwnafidh gesospaaeas of the flash nodul es, and issues an erase

command ‘to the J}%&Bbl.oclﬁ. Thﬁo erase ;ggglcess, gener al I_¥ takes nore tine then

aread or wite el nterfyce for Fagenang said legicgigials such that if sajd legiesignals he

control | er repdsert h U8B tfimetidnalphckpd, @id fodcivral inRihce Sdndd A9SHeRlaehd iocSaineady to

transmt. TR@ SAMEQLIEE : ] ap "erase status" packet 124, as
oSl U SRR 0

shown in Figure 14. Eras > contains the address of the 10
erased unit in (aDDRplicatiod packet extralyior fobsonprcting telsaftjogitubinkeofade apd @t form with a

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

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

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

3. The flash memory device of claim 2, wherein 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, such that said address resolver module resolves said logical address toa

physical address of said at least one flash memory module.




to the erase requests. The status according to which the operation was
completed is provided in a status field 126. It will be aﬁb#@"@fed t hat

t he above descriptions are intended only to serve as 15 exanples, and that
many ot her enbodi ments are possible within the spirit and the scope of the
present invention. 14 July 2006 16 CLAILMS 1. A USB flash nmenory device for
connecting to a USB-defined bus, the flash nenory device being provided as
a single integral unit with a single external connector, conprising: (a) at
| east one flash nmenory nodule for storing data; (b) a USB connector for
connecting to the USB-defined bus and for sendi ng packets on, and for

recei vi ng pat s Sk mennry deviee WSBird @fvheeth spid somrganyl isa reggporewd £ | er f or

controlling gai B IRIP h¥ iR k6 ARss il ogi@pnt rol 1 i ng sai d
USB connect J?ﬂg%g%%g%ﬁgﬁ%%?%ﬁoﬁéeast one packet raecei vécii fr?@gitz{?e USB-

defi ned bus,addwesHorreading sigkdataj sychipat saidaddress rapbyerrpagpe FEQHe SUF 425t | east one
flash menor y,qaRdd shysiéa0dddREs otkdCit ldag Bhe flabit Résiorg@odut connecting to said
USB connector and for receiving said packets fromsaid USB connector as a
plurality of electrical signals; (e) a logical interface for connecting to
sai d el ect r i< &he flash wedfiaagdeviae of dadm 2tand Asthatcomgisingai d plurality of electrical

Signal's 10 1001 ¢l 40k fRbdb f ShONRkSnIR d-RgsRRGS BRI 2l [ cast

one flash nenory u unctional interface for receiving said
1 ogi ¢ si gnalleaskane Aash mgmorymedde-d | ogi ¢ signals represent a USB functi onal
packet, said functional interface sends a USB command to said USB

controller according to sajd USB tional..packet; (g) an application
packet extraﬁ:irlﬂ)?f?a?ib?‘e’??&h%é'(???t}f‘ff"f‘gﬁg eﬁ%ﬂfuggal interface and for

recei ving said | (gh gaed hgmidr or reseiiviti sapbUSE abdtiomn! prakt Gom esid fupdtiostt ext ract i ng
at_| east Onemt@&a%lff gr%d f?rfsgn%!}{'gg%tqs Ry ot gqngérgﬁgﬂl FatusdPGid M leasibcdRIH | Cation

command interpreter tTor récelvi l? sald east one packet and for
det er mi ni ng meeneamnmredyl aepotiineds sl UB wegtignagpackedast one packet, sai d command
bei ng passed to said USB controller. 2. The flash nenory device of claim

1, further conprising: (i).an c\%ddrefﬁs resol.ver nodule for receiving said at
| east one pak k8a fashgemasy dovice § LK PHRFEYE contai ned in said at |east
one packet, sai d(ipidTP Genive) tachnslegytdriver) Sareckiti@R: write command and physical

address of said at least one flash memory module, and for performing said write command to

said physical address.

8. A USB flash memory device for connecting to a USB-defined bus, the flash memory
'4device, being provided as a single integral unit with a single external connector, comprising:

(a) at least one flash memory module;

(b) only a single external connector, which connector is a USB connector adapted for
connection to a USB-defined bus;

(c) a USB controfler which interfaces with a host over said USB connector by
providing a block-device interface and which at least one of reads and writes to said at least
one flash memory module,

wherein said controller comprises a command interpreter which interprets read and
write block commands received as application packets over said USB connector into actions

for said at least one flash memory module.




controller, such that said command is performed according to sai d address.
3. The flash menmory device of claim2, wherein said comantfJ¥ 280 ite
command for witing data to said at |east one flash nmenory nodul e and said
address is a logical address for witing said data, such that said address
resol ver nodul e resolves said | ogical address to a physical address of
said at |east one flash menory nodul e;¢14 July 2006 17 4. The flash nenory
device of claim2, wherein said conmand is a read command for reading data

fromsaid ab. A 6ashaRiembd Ae HRORIN st SAARAHIASDrdviiesl | 001 cal

address for readi ng%lsai ata, such that said address resolver npdul e

resol ves safedpg §lotiadevice iigriass & seid hast i pecpssing saittr eas enedleshymgmerat | east one
flash menormedadul e. 5. The flash nmenory device of claim?2, and further
conprising: (j) a data handler for performng an error detection and
correction routine for said at |east one flash nenory nodule. 6. The flash
menory devi EeAdfSBlag mempry deyict iveerdipp wiphaing B.vgereinledid HSB tatraer pavidéser f or
recei Ving Sakols bRt iChlsAR st BRIl £ 58] dhe B G BH Uogu. N o7 ace and

for sending a status packet concerning a status of sald at [east one flash

menory nodul e according to said USB functional packet. 7. The flash nenory
devi ce of cliakmece abdordidpas clERBPWhSdiNGid dedide idofbve(tpENDIY technol ogy driver)
for recei Vi:ﬂgpoﬁ WFuI te, gm@nrégi gr&cha%kﬁ/ itcal address of said at | east one
fl ash menmory moddl'& 2" dnd Poregert " said wite command to said
physi cal address. 8. A USB flash nmenory device for connecting to a

USE- def | nedobGevids Aol @S LHTR AR ires f1GH1 e LM RLAUNPET a5 a Singl €

integral unit with a single external connector, conprising: (a) at |east

one flash rASAdRRIE/drialipble noq-ypfatifsftagasy devigsfiraaidbaser nal  connect or, which
connector is a USB connector adapted for connection to a USB-defined bus;
(c) a USB n ler which interfaces wt st. over_said USB connect or
by provi di(:l(rgl'g}\(i;{(g %Iﬂ(a)s(l:’@eH’@Vidg‘gcqfﬁ‘ic@P’Teg@ét %@S%‘%}g‘ﬁ b Ghedlesh I of reads and
wites to ghavick bding ppavided asgrsezkelimegml oehwitha singthekernalwhreeaomthsfiastl control | er
conprises g, &RARAL. Lo g{h%r:et er which interprets read and wite block
commands received as application packets over said USB connector into
actions for saftptiestpeeflesh mewory medide: menory nodul e. 14 July 2006

{b) a USB connector adapted for connection to a USB-defined bus; and
(c) a USB controller which interfaces with a host over said USB connector and which
reads and writes to said at least one flash memory module, the USB controller comprising:
(i) a USB interface which supports a USB protocol; and
(ii) a functionally separate flash memory interface which interprets
commands received as application packets over said USB connector into actions for said at

least one flash memory module.

14. A USB flash memory device according to claim 8, wherein said USB controller is

implemented as a single integrated circuit, separate from said flash memory, which is

operative to comimunicate via said connector with a host and which provides an interface to

said host for accessing said at least one flash memory module.

15. A USB flash memory device according to any of cla{rhs 8, 13 or 14, wherein said
controller comprises: '

(i) a USB-defined electrical interface;

(ii) a USB-defined logical interface;




18 9. A USB flash nenory device according to claim8, wherein said USB
controller provides a . standard bl ock device interface to Waluly 088t for
accessing said at |east one flash nenory nodule. 10. A USB flash nmenory
devi ce according to claim8, wherein said USB controller provides a hard
disk interface to said host for accessing said at |east one flash nmenory
nodul e. 11. A device according to claimg8, wherein said device is operative
to support a plug and play connection with said host. 12. A device
according to claim8,. wherein said deyvice acts as. a dynan 1y
attachable/detachablgmﬁﬁﬁ*yﬁ?ﬁFPfﬁmg?g?ﬁﬁga 533%%m?%?%§§?%gﬁh%t. 13. A USB
fl ash nmenor yladeakete f or connecting to a USB-defined bus, the flash nmenory

devi ce bei ng provide i i AL {ooiMitaiards Bh g hBitee Xt er na
connector, the fIashaﬂggﬁ%?§§%%b?%%m%%ggﬁ%gingfg(a) 5tsleas one fl ash

memory modulPasket(ify a ghysigmBaddiRT RIS saidatlesst opp iR EEPURPYIS USB- def i ned
bus; and (c) a USB controller which interfaces with a host over said USB
connector a i reads and wites to i.d at.legst. one fl menory
nodul e, thquégggﬁﬂF*BFW$7d@ﬂﬁﬁ??%Wﬁ qmwefémgS%ééOﬁﬁhg$?%g%h I ch supports
a USB pr ot opaividesingical ioiphys@alfaddiest irowfatidnpeisepeanidthest pidasith atdeptong/flasht er f ace

whi ch intergkﬁ%éqmﬁ&gnands recei ved as application packets over said USB
connector into actions for said at |east one flash nenory nodule. 14. A
USB flash nenory device according to claim8, wherein said USB controller

i's i npl emeny eduas fAah Sl Qevicd be Gk @hnG bf daliné 8, 1S eI Wieteird sidruSBai d f | ash
menory, which i§g .operative to co nicate, via,sai onne ith a host
and whi ch pl"?)'\}'i"@eéém ot {ps F?“é’ﬂaé‘gst ag{g’yeé(g?%n%%%atto p&yriten ggrgssalun a%geé%{md at | east
one flash nenory nodule. 15. A USB flash nenory device according to any of

claims 8, 1%.9{Ugggasmigﬁ};?evgc@%ggd%gﬁmL)%&Jnngerfpsg (36T herdiil shidQekiB- def i ned

el ectrical inter e, ned logical interface: 14 July 2006
19 (iii) a pesikeessenipllvafelonengsddidtled to extract an operational code from a
wite data packet; (iv) an address resolver adapted to translate a |ogical
address fro %aA [Vjvé[!; }laesh memory device according to any of claims 8, 13 or 14, wherein said USB-

bus is connected to a host and wherein said host provides commands to said USB controller

using a proprietary protocol.

20. A USB flash memory device according to any of claims 8, 13 or 14, wherein said USB-

bus is connected to a host and wherein said host provides commands to said USB controller

using a standard profocol.

21. A USB flash memory device according to any of claims 8, 13 or 14, comprising an

address/data bus interconnecting said USB controller and said at least one flash memory

module.

22. A USB flash memory device according to any of claims 8, 13 or 14, wherein said USB
controller negotiates with said at least one flash memory module to determine at least onc of
its size and manufacturing type and uses said determined at least one of size and type to

generate at least one of a translation table and address space.




packet into a physical address on one or nore of said at lﬁﬁ ne flash
menory nodule. 16. A USB flash nenory device according to 5‘ 1 ai ms 8,
13 or 14, wherein said device provides |logical to physical address
transl ati on between said host and said at |east one flash nenory nodul e.
17. A USB flash nenory device according to any of clainms 8, 13 or 14,
wherein said USB controller interpret8uwite commands after extracting
data to be witten fromsaid packets. 18. A USB flash nenory device
according t O3 %MS@hasﬁh@}nH@ dgv:cejagcuﬂfngjto an gﬁ&% ﬁg Q I§%} gl g'ﬁéf E&ld WSI sts
essentially of elenents (a)-(c 19 ¢ menory devi ce according to
any of clai r?ﬁ““&’"efI@"B‘FtesIWh s étr"‘(‘é‘FtrPﬂ% %SHmFJBBY ml?ﬂl‘ée FOS‘EtE'@TWé‘éF@EIO‘Fo a host and
wher ei n sai dedi@Sdf di2mashingtIble gamdRNds to said USB controller wusing a
proprietary protocol. 20- A USB flash nenory device according to any of
clainms 8, 13 or 14, wherein said USB- bus is connected to a host and

wher ei n sai @4o¥$B flsbuedes dedorrenodingtioclgai2d, WisBinceid tiwledsi @ feawei ng a
standard prigGRlsasgd: A USB flash menory device according to any of clains
8, 13 or 14, conprising an address/data bus interconnecting said USB
controller and said at |east one flash nenory nodule. 22. A USB fl ash
menory devi Qe AUSIONGEh MEmbrP devi albrdiilpd dBm 33, whdre@lsaid 41 e Bafiresal d USB
controller ofiates th said at |east one flash nmenory nodule to

det erm ne at LESE OgnY its size and manufacturing type and uses said
determ ned at | east one of size and type to generate at |east one of a
transl ation ggg¥ : flash nmenory
devi ce accorzg?ﬁ]@t %@gﬁ ﬁélfcaﬁ&%@g to]cgmnl% XVX&QQV\IE%@%]I%&SO& J%LEB controller
negot i at es 9W%WP§3F@EHFWWéast one flash nmenory nodule to determ ne at | east
one feature of the flash nodule geonetry. 24. A USB flash nenory device

accordi ng t wherej n sai t one feature. conprises a size.
35 USS 1 P AR e ool abba g SOTOTSh 7 930 Wi oot d at | ohet

one f eat ur econgdirpincigdes a plutality ofithilt dnabl@Ggna2lAinkiSBr dithehina (o plomlity defidsikce accor di ng
to claim23 Mﬂ? [ShdlsSai d at least one feature conprises an interleaving.
27. A USB fP nenory device according to any of clains 8, 13 or 14,
wherein said controller includes a plurality of chip enable signal |ines

for attachi pgatuspaanl HERr i@ bocbldRg B any of claims 8, 13 or 14, wherein said
controller is adapted to work with a plurality of different types of flash memory modules.

29. A USB flash memory device acéording to any of claims 8, 13 or 14, wherein said

controller uses.at least two USB endpoints for communication with a host system.

30. A USB flash memory device according to any of claims 8, 13 or 14, wherein said

connector is directly attached to said controller by a combined physical/logical interface.

31. A USB flash memory device according to any of claims 8, 13 or 14, wherein said

connector is directly attached to said controller.

32. A USB flash memory device for connecting to a USB-defined bus, the flash memory
device being provided as a single infegral unit with a single external connector, the flash
memory device comprising:

(a)at least one flash memory module;




menory nodul es. 28. A USB flash nmenory devi ce according to1€J1 {) clainms 8,
13 or 14, wherein said controller is adapted to work with i:/YI %Ilty of
different types of flash nenory nodules. 29. A USB flash nenory device
according to any of clains 8, 13 or 14, wherein said controller uses. at
| east two USB endpoints for communication with a host system 30. A USB
flash nenory device according to any otlclainms 8, 13 or 14, wherein said
connector is directly attached to said controller by a conbined

p][ws: cal /1 ggl Cgl(bﬂaﬂ,tfgrcfn\;%m@&or a@ﬂpted%ﬂé&ﬁleétioﬁﬁhhdmﬂ%aﬁﬂ%hQrfﬂaaé“pi?cﬁlf(ﬂlh ng to anyOI
of claims. or erein ector is directly attached to sai
control | er. *39ne qdypepivipg packe %%Fb’g%r&?fp Y9 connecting to a USB-defined

bus, the flash r(@nBISE codeliérder cosiollipg pridat lcde dnedflrstomanangneduledbé@ral unit with
a singl e exzﬂrﬂatca@gwsaq& 9% Bl cggméyco.?lgvﬁn e conprising: (a) at

| east one flas 147Jul'y USB connect or adapted

for connection to tﬂéam%lﬂfﬁéﬁewge%ﬂ&cama@@t sush thakigsaifl magkeind

receiving pﬁﬁkﬂhﬂhdﬂuﬁml{dﬂﬁmy%fﬁﬁ‘tftbﬁh@ﬂteﬁhb‘éac a{d(fn)ickét USB controller for
controlling said at l east one c?fétq(rrermr nodul e n| cating on
|

sai d USB connector, {2 [’Jé\%att%ﬁ? BFOLEHPY CYUmRge a@rsa‘ ﬁf“tﬂ?c? onal
interface ahh&n’acedndadapt@nerevﬁveaanpﬁﬂkmon paskit,aitl hgllicdtibn mkede:pmahuet is a USB

functi onal B@xﬁ&ﬁ%atle%ﬁ'aqcxﬁﬁ{ﬁfdtdomidp%& tegn{iace acts on said packet; (ii) an

appl i cati on packét extractor serial d)é/‘ connected after said functional
i nterface and adapt ddf) appplicadancempandipprpicteaaderier tp seekivn saidsamgandspd i cat i on

packet extr@ach®fout QtchidmhddGickihal @@ Klwritet @ ARBREN fdnPsEAbHorpackad,; and (iil)

an application commuand interpreter adapted to r celv sal nmmand and to
carry out said E’Wﬂﬁﬁ’édée&ﬁ%ﬁ Y’l?ﬁ’fca@aat“ég‘?@"/ﬂ;ﬁtﬁc'[“{b °?‘6‘ ‘géé from fl ash

menory nodudeined bwhier ein said device is dynamcally attachabl e/ detachable to
and fromsaid USB defined bus. 33. A USB flash nenory device for
connecting to a USB-defined bus, the flash nmenory device being provided as
a single i nBegrEP fashimengni devige @rmﬂ@tl@@ ePABidefingt busctho fash pigmory| ash  menory

devi ce conpevizé Beln defi b@Sdind Hﬂéﬁrﬂuﬂ?@ma&ﬂgﬁeé&eﬂ{al&%&ﬂ%ﬂéﬂ) neans for
connecting to the SB- def i ne means for providing a USB interface

functi onal | Pqrpdavise ePPESIRG for connectl ng;

(a) flash memory means for storing data;

(b) means for connecting to the USB-defined bus;

{(c) means for providing a USB inferface functionality to said means for connecting;

(d) means for extracting flash memory commands from packets received via said
means for connecting;

{¢) means for interpreting said commands; and

(f) means for controlling said flash memory means in response to said commands.

34. A USB flash memory device for connecting to a USB-defined bus, the flash memory
device being provided as a single integral unit with a single external connector, the flash
memory device comprising: )

(a) flash memory means for storing data;

{b) means for connecting to the USB-defined bus;

(c) means for providing a USB interface functionality to said means for connecting;

(d) 2 command extractor operative to extract flash memory commands from packets
received via said means for connecting;

{¢) a2 command interpreter operative to interpret said commands; and




(d) nmeans for extracting flash nmenory conmands from packets received via
said neans for connecting; (e) neans for interpreting sai ff LOA¥8Rds: and
(t) means for controlling said flash nmenory neans in response to said
commands. 34. A USB flash nenory device for connecting to a USB-defined
bus, the flash nmenory device being provided as a single integral unit with
a single external connector, the flash 22rrem)ry devi ce conprising: (a) flash
menory neans for storing data; (b) neans for connecting to the USB-defined
bus; (c) neans f idi.n i Nt : i i d neans
for connecting; 8{%’? gng)wctgé#ﬁa%g d‘g‘%? P?’f(':’%t lggr {O%glg?ogﬁg\g/atéd t%%?‘g%%%%nfﬁash menory
commands f r aerppae fostid commesadsi ved via said neans for connecting; (e) a
command interpreter operative to interpret said commands; and 14 July 2006
22 (f) a nmenory .technology driver operative to control]ing said flash
menory rreanési%de"r‘céé‘ffﬁ‘ﬂglgy"taﬂy dLlas s irdrdé oF Bs W ?&e“blsé'{fjif{?ﬂ”g%‘l?gr ding to any
of clai ms 8 madlidle cdpris3dt ledst @Bbitwherei n said flash nmenory nodul e conpri ses
at |east 64Moit. 36. A device according to any of clains 8, 13, 14, 32 or
33, wherein said flash nmenory nodule is organized as a plurality of

bl ocks, eacR6h drvice parerdugiorngy of chinsr8al. 14 38 Pr I3nyhapigiai flash memes essabl e

sectors, eaghd@t isSRlaflz8ch Pllratity &f l:ﬂ&cﬁsl?@&ﬂib_fbgk ifné]pcﬁngf d dl;@ai@/&ﬁrﬂiﬂcﬁlﬂﬁt or and
s of said block. 37. A

wherein said, nmenpry allows_erasing only jn unjt

devi ce accof r?féa%dg%‘?ﬁre p ofspid segforsgorr ‘?“dﬂ,“’ %'LQC Brtes gl RS i d devi ce
conpri ses asaipeihery altdws efasifid daBtin tedEof ypidthdl es. 38. A device according to
any of clains 8, 13, 14, 32 or 33, wherein said device uses a software
managenent systemto manage said flash nmenory as a flash disk. 39. A USB
fl ash nmenor §7-deddviseacgerdiog Wianpficbins|8al nl g 32 whidy whereingiddevitegsnpiteivory devi ce
conpri ses apiaBnfdrasd pidhgk mofides: A device according to claim 14, wherein
said single integrated cifcuit conprises an ASIC (application specific
integrated circuit). 41. A USB flash nmenory device according to claim 22,
wher ei n sai ds.USRvicemcérting Rlany sfelinisisal 1 $4, 30 o] eldmdinaidsibde.usedd. A USB fl ash

Temory devi 6o AR OL SN k! Pl S Sl & GaiSRicont rol T er

39. A USB flash memory device according to claim 8, wherein said flash memory device

comprises a USB flash disk.

40. A device according to claim 14, wherein said single integrated circuit comprises an ASIC

{application specific integrated circuit).

4]1. A USB flash memory device according to claim 22, wherein said USB controller

negotiates 1o determine size.

42. A USB flash memory device according to claim 22, wherein said USB controller

negotiates to determine manufacturing type.

43. A USB flash memory device according to claim 34 further comprising means for address

. translation of an address received on said packet to an address of said flash memory means.

44, A device according to claim 8, wherein a single said application packet includes an entire
-read command and its parameters.




negoti ates to determ ne manufacturing type. 43. A USB flash nenory device
according to claim 34 further conprising neans for address!44UW288% ati on of
an address received on said packet to an address of said flash nenory
means. 44. A device according to claim8, wherein a single said application
packet includes an entire read command and its paraneters. 14 July 2006 23
45. A device according to claimS8, whérein a si ngl e sai d application packet
includes a wite command and its parameters. 46. A device according to

cl ai m 45, rein. said single application packet includes data to be
written fo\r,\qg‘aﬁ Vigk FERIEE TR & Wi el L apelicgtogiPRREt BT IdFSA W95, wherei n
sai d bl ock- dewnrad agdits pprpmeiers.sends a command  before sending parameters for
the conmand. 14 July 2006 24 ARCH TECTURE FOR A UNI VERSAL SERI AL BUS- BASED
PC FLASH D %_M%IR&Q&dQ%& $iR 43 9GhetM did PR aBfticRioh pARE: iifdBYdafars) and a
Uni ver sal Sggmengugai(( Uﬁe oSNt r oller (56) is 1inplenmented to be conpatible
with the US specic*rl cat i on. " Fhe unit (46) includes nenory nodul es (58)

whi ch can accept wite commands and read commands from a host (44), and

ar e er asabl #7-@ndkbvicoaccordingtd ¢lam 45ewimraireshid idocksiefiteaisterfive ceples cdn®8hd The
USB/ f | ash cbTbre nliifg patdheteRGhr théicofihd. gured to provide USB functionality and
conpatibility along with comon flash operations such as programm ng,

readi ng, and erasing the flash nodules (58). Figure 5






