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

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

A more useful implementation would follow the USB standard, as described in
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components mclude the bus topology, which is the connection model between USB
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 function.

In terms of a capability stack, the USB tasks which are performed at each layef
in the system include a data flow model and a schedule. A data flow model is the
manner in which data moves in the system over the USB between data producers and

data consumers. A schedule determines access to the interconnection, which is
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experience underrun or overrun, by using a NAK handshake to throttic the data rate.
With the NAX handshake, a transaction ris retried when bus time is available. The
flow control mechanism permits the construction of flexible schedules which
accommodate concurrent servicing of a heterogencous mix of stream pipes. Thus,
multiple stream pipes can be serviced at different intervals with packets of different
sizes.

The USB standard, as described, has three main types of packets, including

token packets, data packets and handshake packets. An éxample of each type of
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field f&clﬁfﬂ“n‘é)ﬂf F‘é‘ﬁaﬁ ERows arbvackigroundjarddS Bbanddhake packet 28,

which features only a PID (packet identification) field 30. Handshake packets 28 are
25 used to report the status of a data transaction and can return values indicating
successful reception of data, command acceptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can return handshake
packets 28. Handshake packets 28 are always returned in the handshake phase of a
transaction and may be 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
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25 Ofonﬁ‘Bart of a USB system on a host platform. For example, U.S. Patent No.

5,799,168 does not teach or suggest such an implementation for the flash device. As
mentioned previously, such an architecture would be particularly useful for a number
of reasons, including low cost, eas‘e of use and transparency to the end user.
There is thus a need for, and it would be useful {o 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

conld sit ona USB-defined bus and communicate with the host platform through this
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i mpl ementation which fulfills the requirenents of the
USB specification. Thus, any 20 specific device for
fulfilling the USB specification nust have a
specifically defined and described architecture.
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systemon a host platforrin. For exanple, U S. Patent
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is.a schematic block diagram of
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USB FF¥% ﬁ ISR sg;kemauc block dlagram of 2 flash identification status packet;

-FIG. 9 is a schematic biock diagram of a flash write request packet;

)ﬂ-

FIG. 10 is a schematic block diagram of a flash write status packet;

FIG. 11 is a schematic block diagram of a flash read request packet;
FIG. 12 is a schematic block diagram of a flash read status packet;

FIG. 13 is a schematic block diagram of a flash erase request packet; and

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

Summary of the Invention

The present invention is of a flash memory device, containing one or more
.flash modules, in which the flash memory is mapped to the address space of an ASIC
or a controller which has a USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed 2 “controlier”’) 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
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- Windows NT™, Windows98™, Windows CE™ and any upgraded versions of these
operating systems by Microsoft Inc. (Seattle, Washington, USA).

Detailed Description of the Invention

The present invention is of a flash mermory 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 a2 USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed a “controlier”) supports the USB
functionality according to the USB standard, thereby supporting enumeration onto the
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t dhmagh adu&B msdichhceat $0) MilEISE 6aR dBBce 46 connects to USB cable

48 through a USB ﬂésh 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 USB

flash device 46 to the USB bus, USB flash device connector 52 and at least one flash

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

Whenever USB flash device 46 becomes connected to host platform 44, a
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enbodi nent is shown byway of 10 exanple in the

drawi ngs and will be described in details in the
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I 88ad Br iferdntTpEAQH:s | telduested 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 refurns
either an empty packet if no packets for new status messages are present, or
alternatively refurns the status packet itself,

- 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 h;—:re as USB flash device connector 52
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plRtEosderit Ghieaks (polls) for status packets and USB
flash device 46 returns either an enpty packet if no
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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
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

implementation.of an address translation method is described with regard to U.S.
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connector interface 64. Every mllisecond, a USB
frane is carried on the US13-defined bus, such that
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- Particular flash memory device array. In addition, an identification routine should be

able to detect the size of the array of flash memory devices, including the number of
flash memory devices within the atray, and various features of the flash array
geometry, such as interleaving and bus width. This information later enables host

_ platform 44 platform to determine the address space and size of the storage media.
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Patent No. 5, 404, 485, Previously incorporated by
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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 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




geonetry, such as interleaving and bus wdth. This
information | ater enables host platform44 platform
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field 94 with the logical address to be written; a LEN field 96 with the length to be

- written; and a DATA field 98 which contains the actual data to write. The packet

extractor extracts the operational code from write data packet 90 and transfers this
code to the application command interpreter. The logical address is transferred to the
address resolve module which translates this logical address to a physical address on
one of the flash modules. The data handler optionally calculates emror correction and
detection mechanisms if employed by the USB flash device. Once all of the flash

memory modules are ready, a “write” command is sent to the flash module or modules
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size and manufacturing type of these nodul es. The
controller then builds an identification structure
hol ding this information, as well as the translation
table and 30 |ogical address space. After the USB
host controller identifies the USB flash device, the
host platformoften uploads a USB client driver. The
driver issues an identification request 13 comand to
the USB host controller, causing the controller to-
transm t an identificationldata packet 80, shown in

Flg% : 4dat|o acket, 80 contains PID field
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USB ACK packet escri ecrs
Orfode foR @e e’ semppnd e p readd field ms, withe lobisd] bdriress Dﬁbcealcvmed

t Nb&tisd Bér!ShidRGK Bhsh bilR rﬂ&ﬁﬂi
read 1and wite comn;n ds H?%Ht"ﬁﬂeﬁ%%w ash %eeé/?@gt%qt h
t HEeelvang thipcnpraand,; thflask prmirpliss issomma Feadcamnand to e MAB: | s
S eildck *aﬁeﬂﬂﬁ?addﬁbs&em %%Htal\é’{lﬁﬁhraﬁﬁ?eﬂf H@Jd@;etk%nﬁﬁg@ltn%‘i’fDR

n e buffer containing the
d gfe“ it s SW@%?%W@& % it pe ol fsheempensysce. A write
dat a p‘aﬂzlﬂethe A8h centh@\Mieives tid G4 FonPihe ﬂ)iﬂﬂ'd@\hceagﬁieirhﬂcr

. Cstheflelds sh reviously. in Flgure ,
eﬁ%eé%ee s attd mﬁ&@k@ﬁﬂ@d the Sash poptiplig sendga

wisigng td ﬁhehcat 192 fonin thrintliegte tharal de 'stabid pickEtinREbe 60 Ehe 1Rt

A%rm issues a read request and receives a “read status” packet 119 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 2 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
completed with many different status situations such as success, fail, error detected,

invalid address, invalid length and so forth.
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When the host platform needs to erase an erase unit in the flash device, the




25 field 94 with the |logical address to be witten; a
LEN field 96 with the length to be witten; and a
. DATA field 98 which contains the actual data to wite.
The packet extractor extracts the operational code
fromwite data packet 90 and transfers this code to
the application command interpreter. The | ogica
address is transferred to the address resolve nodul e
whi ch translates this |ogical address to a physica
address on 30 one of the flash nodul es. The data

ha [ |y _calcul ate rror correction and
dot e sRBR KOG Ynblofliy "hRRg 1. ipoiuriisn 4 TagRecko
deviosieins ta Ceasal dperfiort dode fnlan sase fERIMI2DYand'he WefS] AAARss of the
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a"writ e"Mc]:-o rrrrggfcc; lﬁgsrll1 L%?ﬁﬂggggﬁgs%gs PEELOBIREnG G thgMTD block.
connect ShaskAse PrpgesTeenselly takss morettive B reid ui wiste process.
C OIWieR klti€érase pfobkish | hati nd a
status packet is T e]?ﬁl;égggg %&%éhwﬂ%%t I?E‘éts o £ 'Y of
t h&2H B&g‘?‘ 1SgFRdy & tangis nhe comtroller thendratrouts aic ondse sihthesT
angadketI4,as bowh REFIERY | £ Bradd d ' ¢!
wpen Lhe, fn:@flg% ﬁ 9 nif ol.ler f %tér?i?ipﬁ%%t %ZE goﬁﬁ%wéﬁ%ﬂés Hree
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'chaagﬁaﬁng¥mm§ﬁafgﬂ9 a "wite status” packet 100, as
shown 1 n Figure . In place of data field 98, 10
wite status packet 100 contains a status field 102,
The hostp! t.he status ackets fromthe
{1'ash aonh Rt AR hudfe foGioions Ll gl ot a0,
15 ¢ hexanpley, an Kﬁpfam‘ othar embidbmess dreyfoasiblatviten dRBpitifgd the
C OJIBper 1R PreSdntinVisii@f the wite command by reading
status field 102. In this exanple, the flash nenory
device repeats ADDR field 94 and LEN field 96 in
order for the host platformto have a reference to the
specific 15 command related to status packet 100. As
shown in Figure 11, a "read request packet 104
contains the operation code for the "read" conmand in
aread field 106, and the |ogical address of the
desired location fromwhich the flash controller
should read in an ADDR field 108. Upon receiving this
command, the flash controller issues a read conmand to
the MID 20 bl ock, after the address resol ve nodul e has
transl ated the address contained in ADDR field 108
toa specific physical address in one of the flash
conponent s. '




Wien the flash controller receives the data fromthe
flash device, either after the read command was

issued, or if an error occurred, the flash controller
WG signal to the host platformto indicate that

a new status packet must befead. The host 25 platform
issues._a read request and receives a "read status"
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in9EREbA by IEndd e, then a.read or wite
process. S%gﬁé Se%%siéggnw%rggél@ is finished, the
controller notifies the host platforma new status

zpacﬁgﬁnd rea to transm.t. The controller then

agh memoky devics pespising topsdainel, Whereingsgidsdryine donsists

esEengm}eofJefeméﬁg% tatus packet 124 contains the
address of the }I‘ggerased unit in ADDR field 122,
thereby provi ding the host platformwith a reference

g‘,ﬂg est.ss. ,The status according to which

i e dobatding! 6 Sty 1, wihgse E’dsaf‘@t’hg‘f EPRIaRds Fre sneapgilaied as

patkeelwitlﬁﬂBISBldpprdtionlpecl@gpr eci ated that the above
descriptions are intended only to serve as 15

exanpl es, and that many ot her enbodi nents are possible

. W debi SPIL Infa:and f th t
. I BB LRGBS Pl yueitin RGP bolinPt S5 abrided syen
op-sefafedewebt prramesSB- def i ned bus, the flash

5. 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 data
~ connector, comprising:

(2) at least one flash memory module;

(b) only a single external data connector, which connector is 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 by

a packet-based interface to said host and which at least one of reads and writes to said

at least one flash memory module,




menory devi ce being provided as a single integral unit
wWth a single external data connector, conprising:

(a) at |east one flash nmenory nodule; (b) only a
singl e external data connector, which connector is a
USB connector adapted for cegnnection to a USB-defi ned

bus; &VE‘I) a USB controller which interfaces with a host
over SHFH coBHAlEcomPHSes agommekd interpeeta Whithgntbrposs read
tand S@iitcibIols borAmandd ety edlas laf it reads.

wites tg said at Ieascta on FF%%E ar?g%rtgroggrrr%ﬁg}? cgetor
(4§ aclions fpispid ableast oa¢ Aephausmbrpinodelest one flash menory
nodul e and said USB controller, which housing said

singl e external USB connector crosses, wherein said

oAt Ve Iflesh ommpry sedcaawortiR® iojt & dBE r@bdiibchilins, wherein
kﬂaﬁfnwoﬁér%or ead, and wite Qhl ock commands recei ved as
appl'i ca |on&b§8ﬁi<se VBUEY 0 syt gt Yers one Hashianesnory medule.
actions for said at |east one flash nenory nodul e. 2.

@hgrsﬁ hl@gg menory device according to claiml,

P nayy devien pespsiing tocnyarfithe pregedig elhiame wherein
dait) USH) condr i ' o,claiml er ei

sai d bl ock °é‘§m%%%§af§ﬁ§%%%g’§’ﬁf<a?e§' Cqterfage g s@d host for

arpesping saifbet legsp bircBashorenpaxioetidle. 4. A devi ce accor di ng
to claiml1l, wherein said bl ock commands are provi ded

as an op-code followed by paranmeters. 5. A USB fl ash

8reAdrSB deshi membor deviveneedriiing b and obSBihe 1 i6D §ileRitSsaid U8B
belngogrOV|ded as a single

fla menpry .deyice, .
PR OZ%F BTO"%F # IWQI Hisk interiace do esid drostafor dacessing sxid et least one
flashaémsiyiodufed) at | east one flash menory nodul e; (b)
only a single external data connector, which connector
is a USB connector adapted for connection to a
U f | . and (¢ USB conjroll er which
9'i_ ?Féﬁ?aféﬁnggﬁ% Mg f“c%%?gf‘g Yy eiclequrredingslaing, wWherein
saidddvito-ibapaeativiertd eufpaaa ply aﬁﬁip@hg%ﬁﬁecﬁeﬂ wWiRI a1 bt | east
one of reads and wites to sai at | east one ash
menory nodule, 17 wherein said controller conprises a

10: OATBRE! fladi RERHAL @é’w%‘c&ﬁdlhg %5 by St fie rp?gc%ding claims, wherein

said device acts as a dynamically attachable/detachable non-volatile storage device for

said host.

I1. A USB flash memory device according to any of the preceding claims, wherein
said USB controller is implemented as a single integrated circuit separate from said
flash memory, which is operative to communicate via said connector with a host and
which provides an interface to said host for accessing said at least one flash memory
module.

12. A USB flash memory device according to claim 11, wherein said single

integrated circuit comprises an ASIC (application specific integrated circuit).

13. A USB flash memory device according to any of the preceding claims, wherein
s_aid USB controller comprises:
(i) a USB interface which supports a USB protocol; and




and wite block conmands received as application

packets over said USB connector into actions for said
at | east one flash nenory nodule. 6. A USB flash

menory device according to any of the preceding

clainms, wherein said contr®ller both reads and wites
to said at | east one flash nenory nodule. 7. A USB
flash nmendfy2 mgtienaliycemrate ﬂg;htmermy imérfich evhishes Rait b8e of
edadd R winbeh controll provi des a
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accessi ng sald at | east one flash nenory nodule. 8. A
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cqntreﬂéraompmmssal d host for accessing said at |east one
fl ash ms ]5% dule. 9. A USB flash nmenory device
accordi ng %d?ﬁneﬂﬁ@'ﬁ'ﬁ@d@gﬁm cl ai ms, wherein

sai d devi al ort a plug and pl ay
connect i oggw?%ﬁggﬁﬂédm%mh%fg}&% USB fl ash nenory

devi ce actid}aipavliet extrastyr mhptol & ¢xtractentioperatibmil 68de from a

asth Backs@l d device acts as a dynamical ly
at t achabl e/ det achabl e non-vol atile storage device for

sai d host{iv)hah. addrekﬁBS(ﬂ{f@%Haﬂm Mnd QY| laG&i et ﬁ&"ér@d.s dut £
&%i(tl pr.ece agﬁ@ﬁsltalms wherein said USB

con ST 1P @YF | AHongor anage ffsaid pinteest pag Bash memory

nmdnlewt separate fromsaid flash nmenory, which is

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

15.CAESSK st..one flash nmor
A oot g peoR) a8 5oodie o AR AT grioedinoims, Wheren
sa}dwéfweqerprmded legicd |t@Ph)’SibhE&3ﬁ6ets§ﬁatﬁsld’tiﬁﬁ bbtweBA il BES aﬁ&‘sald
at@é&ﬂ(e |icati onaéﬁem fic integrated circuit). 13.
IHEIHBV)}“ f-ce according to any of the
precedi ng clainms, wherein said USB controller

{ 0 risE (i) a USB interface which supports a USB
égr‘gtzbg& ashpemary devicy aecoiding td am)abﬂ the papadiag elafth) $herein

saldBEH Yo h_at one of ead and

wites %I@glﬁ%ﬁﬁ?tmggs?o%ﬂ@ PHEGFX R émttf& frop

saidgackelsash nenory devi ce according to any of cl ai ms
1-12, wherein said controller conprises:

17. A USB flash memory device according to any of the preceding claims, wherein
said USB-bus is connected to said host and wherein said host provides commands to

said USB controller using a propiietary protocol.

18. A USB flash memory device according to any of claims 1-16, wherein said USB-
bus is connected to said host and wherein said host provides commands to said USB

controller using a standard protocol.

19. A USB flash memory device according to any of the preceding claims,

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

one flash memory module.




(i) a USB-defined electrical interface;, (ii) a

USB- defined | ogical interface; (iii) a packet

extractor adapted to extract an operational code from
a wite data packet; (iv) an address resol ver adapted

to translate a | ogical addness froma wite packet
Lpto a physical address on one or nore of said at
P@a@t U%ﬁ @yaffh Bemoryedayiog acemding ¢o arybof the hiSBedihg slainie mbengin
[ _EHRIR -pf the precedi cl ai s,
ﬁdér[g@n_ s:ail%} 3‘ g%%t%éegg%ggisalélsatl %@?‘%c‘}ﬂc ﬁ%shpﬂ‘f&o@éﬂm(’d“le o
ederminpsity sismatdamanufadraingespe aad dsdI Aol RRGmERICht 1@t one of
16. A USB flash nenory

: ash no dul e.
%ﬁeﬁ‘é}?@ ] %‘lfnﬁfarﬁeg&ﬁ%}as%ﬁr%ﬂ thapglation debleiandpddress saace.
wherein said USB controller interprets wite conmands
ftggéJ gxﬁrl%cti ng data to be witten from said
ackdE8 Haghy memofygevicepcpordingde glainedd, oeherain said USSP eaptroller

1RBYASs 14 BerRiiRCSEH ng clainms, wherein said USB-bus is
connected to said host and wherein said host provides

commands to said USB controller using a proprietary

2Br ot g§g! .fl ash. menory. device according to
any of é\asa‘}]ﬁﬁm@?f@?“’ﬁﬁs?"éﬁhﬁg i ey 520 Dischsbtelie
negptigles th detesminemehnofituging typei d host provi des commands

to said USB controller using a standard protocol. 19.

A USB flash nmenory device according to any of the
2Br e USBNPash! MbhABry dSREPE Shitid 'U%?S. S
interfcionnect_i ng sai d USB cont thr% f;}(r]l“plan é%?ltgaa@l% télgs ash
mgmany fewss Reingrpfovidetlias.a si@gROIntefralSRIt Wwathha netmgle \external
cEaMise [ding to any of the preceding clains,
wherein ‘sal @ USB controller negotiates with said at

| ead®) abrastidna slastmmembyy medlid;e to deternine its size
andﬁnﬁf act.uri ne%éérézﬁe and uses said determ ned at
| east’ SHE Hnelg; FORYEsoTy Whishrmenaectorats 3 AR comnector
adapted ok codebiain 92 ﬁﬁﬁ’ﬁ@ﬁ&ﬁ%u@ddr ess space. 21. A USB
- flash nmenory device accordifg to claim20, wherein
sai §QBIBR eniroler which indgficeawith a hast detranid SE sbakcto? By
1 devi accqrding to claim 20, .
Pf%ae{?g |a Eiog%?%‘q%gé{%%ﬁ% ?rch q?lél?ﬁ atqeast or?e of reaJs anclin wnotes to said at
least one flash memory module; and
(d) a housing enclosing said at least one flash memory module and said USB
controller, on which said single external USB connector is mounted,
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, and
wherein said USB controller negotiates with said at least one flash memory

module to determine at least one feature of the flash module geometry.

24. A USB flash memory device according to claim 23, wherein said at least one

feature comprises a size.

25. A USB flash memory device according to claim 23, wherein said at least one

feature comprises a bus width.




negoti ates to determ ne manufacturing type. 23. 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 externa

connector, conprising: (a) akol east one flash nenory

nodul e; (b) only a single external connector, which

onneltB rﬂaisif _rmamoagadcﬁc? a;cbﬂlingsgdﬂﬁﬁﬁ%, lfvfil{eréi%s}ﬁﬂ ﬁt TR one
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WAl of Heshimenasy modules.wher ei n sai d control | er
conprises a conmand interpreter which interprets read

and wite block conmands received as application
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and wherelin said USB
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the flash nodul e geonetry. 24. A USB flash nenory
devi ce according to claim 23, wherein said at |east
20ng useahdr ' l.ze. . 25. USB .| ash. nenory.
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s ry device according to claim23, wherein said at
east one feature conprises an interleaving. 27. A

USB flash nmenory device according to any of the
clainms, wherein said controller includes a

30514 st ﬁ%%h Sremaiy dewiae Beoerding)toadnylof tesprecrding laimis, mietein
ol n ity AUSRD (TR B 5B R g

. menory device accor
intgnfagens, wherein said controlier is adapted to work

with a plurality of different types of flash nmenory

nodul es.
31. A USB flash memory device according to any of claims 1-29, wherein said

connector is directly attached to said controller,

32. A USB flash memory device according to any of the preceding claims, wherein

said at least one flash memory module comprises a plurality of flash memory

‘modules.

33. A USB flash memory device for connecting to a USB-defined bus, the flash
memory device, comprising; |

(a) at least one flash memory module adapted for storing data and contained in
said device;

(b) a USB connector adapted for connection to 2 USB-defined bus; and

(c) a USB controller operative to communicate via said connector with a host

and which provides a read/write hard disk block device interface to said host for

accessing said at least one flash memory module,




29. A USB flash nenory device according to any of the
precedi ng clainms, wherein said controller uses at

| east two USB endpoints for comunication with a host
system 30. A USB flash nenory device according to any
of the preceding clains, erein said connector is
directly attached to said controller by a conbi ned

physi WhfeinsaiH cantrolieneampriscea c@fimad ibispréteoehichan@piets read
Ry hBe dfdeR! A f claims 1-29, wherein said
connect OE&?S&’%I r eIg?Ir%%feaa%sthmPﬁn‘éﬁ? etéo‘ﬂf’lf“g‘lﬂgeﬁn. opgode
lowed oy asgumentyomy cleapisolated ooittisl s &;ﬁjlitaiﬁbnoﬂaﬂ:éi@ over said
east one flas

. : - ej id
Bﬁﬁ%ﬁﬂeggaﬁﬂltogécggﬁpﬁé? gagtg latgeﬁ? %%ﬂq%% et pade;pador y

nmenory no
nodul velsereit 3aid AndaRBy dbvish id'@%ﬂaﬁﬂ ' Chi .
8R! #JS%—defi ned bus, the f ashﬁgé%%lg@%g%pﬁ b aig
con%? NGehUs. (a) at |east one flash menory modul e
adapted for storing data and contained in said

evice; (b) a USB connector adapted for connection to
34 ude R ﬂﬁ@dﬂlﬁmry dnﬂg@ @):cm*dfti@&ocﬂgih{] ag) ﬁ;lhe&ﬁﬁ @ﬂgi drice
b sai d connector with a host an
mﬂ?ﬁhﬂpa?gi\f@g}tégf%dsrﬂénae&%m°§gﬁ%rd di sk bl ock devi ce

interface to said host for accessing said at |east
21 wherein said controller

n menor dul e, 2
Bg'o %ppubgggs%m&@ﬂ%‘a Sercertdingtte anyvaf thi proseding chims, rvefzedein

sﬂd}ﬂmmémr?hﬁﬂiﬂe@&m&gﬁﬂegﬁ% g as command packets
o

i ncluding an op-code f owed by’ argunents and

encapsul ated within USB application packets over said
| east one fl ash

34)SB uonpsgt i nt tions for said at
Menory nog'glul?ézl?&gﬁ% V@ﬁ & (r:%olr%ng g‘? aﬂwﬂ%? yregedmg elajms, wherein
sagfl feshinecaiary metitla dholphsibetbisae praRiisy 611196018 Adath block including
aéﬁgﬁ%ﬁfin d '?alcfs' %4. ﬁl USB fl ash ‘nenory device )
Ceordi Ayeyigually adfsessable Seators, pach oif arid sedtere comespprdiset a
file systeut £dctot ¥ndFhdrbin S5 d TR, o i B el
menory devi ce acrclor di ng té-¥ 3’%@"9%%“2‘?%3’“3}’ &%Eﬁ’ﬁ Salg%ﬂmk‘
claims, wherein said flash memory nodul e conprises at
37! %gSBﬁff’fM? IIﬁc‘,mory device according to any of the preceding claims, wherein
said device uses a software management system {0 manage said flash memory as a

flash disk.

38. A USB flash memory device according to any of the preceding claims, wherein

said flash memory device comprises a USB flash disk.

39. A USB flash memory device according 1o any of the preceding claims, wherein

said flash memory module is contained in said device.

40. A device according to any of the preceding claims, wherein a single said
_ application packet includes an entire read command and its parameters.

41. A device according to any of the preceding claims, wherein a single said
application packet includes a write command and its parameters.




36. A USB flash nenory device according to any of the
precedi ng clainms, wherein said flash nmenory nodule is
organi zed as a plurality of blocks, each bl ock
including a plurality of individually addressable
sectors, each of said sectgrs corresponding to a file
gﬁsten1§ector.and wherein said nenory all ows erasing

1 4 denice ppoprlingf tosddink 4, odicreiBhid AppliSiich|pasiet MRITICY data to
te wirliten & 641 Arifdodnfindldy Of the preceding cl ai ns,
wherein said device uses a software nmanagenent system
to manage said flash nenory as a flash disk. 38. A
8S5BA fipdetnoneing yo deyo e pracedifl AintsOwAd¥in Shidillrface sends a

BéB&ASH BHghrE bl ' said fl gsh nmenory device
conpri ses a %gfégpl as%hEeg%g%thefﬁ?W B flash nenory
%ﬁvi ce_according to any of the preceding clains,
¢t EPR flagunemery deviceracrordingoduy ef iks pfé@élﬁ@%'fl@iﬁlsi, Whérind
the

' ) vi.ce accordi.ng to any of recedi ng
?ﬁ%’%’%@ coffblel bl S B 15 sl memeny medieto
otrsiningdts type aeditides €aid da@rmiRBABRE (Fdkkr %gﬁﬂgM%Frﬁ;
I t rinine aHe P TY

Lce according to any of the prec cl als,
%@@?é’ﬁm’fﬁr{&f‘%" ‘é?”d‘?ﬂéﬁ‘ﬂp?f@%’i on packet includes a
wite conmand and its paraneters. 22 42. A device
4_3;:1%%%d.i ng to claima4l, wherein said application packet
P ric IMHES AR e to claive 44w wherein sdid cormmiler naifibesaidhome bt it is
réhdy afderd@MinefoiafiGer di ng to any of the preceding clains,
wherein said intérface sends a command before sendi ng
paraneters for the conmand. 44. A USB flash nenory

eyi or.din o any of the preceding clains,
4§uqér“g‘?%r‘w°%c°§ arae ?Jg%éhc"ﬁﬁf‘gm Je&we,rr@gwnmges with said at
| easprooidimgfd and : term [ t vpe
providing far EARA YnBRGY! Geri@ aﬂ% ea?lm&ﬁéelggn%gr data

and uses, said determned type to

CORETIYR Yhich sonnseipnigy USB vemiector; use for said flash
claim44, wherein

e MOdidhehi : accordi.ng t
sai d tc%hrjlltfgrsg?é\éj? €i}1('%’)?1? i %gs%ddﬁ%gfm%g’( a; S gport @n @ host

sysfem¢pndsai d negotiati on. 46. A nethod of using a flash
menqQry. devi c onprising: providing a unitary flash
me gglf%es% W@#W & # bard sliskdfesmpsaichost aiasaid USB port,

_conréeted d’ﬂ?:'vfc@&ijé% r. i B_connect or;

at tachi ngsalsai d désf:/i ce gés&a{) ‘%ﬁﬁ%"gjﬁa p?ﬁ?{ {/]g%g@fﬂépéﬁc& a
USB port on a host

47. A method according to claim 46, wherein said external connector comprises an

integral connector.

48. A method according to any of claims 46-47, wherein said device comprises only

. a single external connector.

49. A method according to any of claims 46-48, wherein said device consists

substantially of said connector, a controller and said flash memory.

50. A method according to any of claims 46-49, wherein said device comprises a
single controller which provides both USB functionality and flash memory
functionality, |




system and accessing said flash nenory as a hard disk
fromsaid host, via said USB port, wherein said
device is operable to provide only a packet -based
interface. 47. A method according to claim46, wherein
sai d external connector conprises an integral
connector. 48. A nethod according to any of clains
46- 47, wherein said device C%%prises only a single
gxt - ) et according to any of
cl a?{nsﬁé%gg%g&?%g &Oefm %%fﬁamge%qqg% R §31¢ device comprises at
keaﬁgwmﬁﬂmwﬂaghngajocyswnageeztp@aity_a controller and said
flash nenory. 50. A nmethod according to any of clains
g;g-49, wherei n said device conprises a single

Nt alettexd abording 16 Gy Sl ikl hin;
fl a%H mﬁ_gor{ fur_gmti ozal [ t?%%@&@%‘?ﬁ@%@%%% glta(ri]rgess
Fpslaion frme4 harfdiskeaddrsss spree ¢ A s thetlernyi akiress spaceamssaid
ddvice] east twice 64 Mt flash nmenory storage capacity.
52.. A nethod according to any of clains 46-51,
conprising performng address translation froma hard

i : to a flash ne address space on
2 e SR SSE ol oS Et obi Lg constionenppysing
st or auyiding afldsGmeawnyseidee hodaRNPr i Sing:  providing a

flas nory..storage npdul e; attaching said nodule to
a usgt“g’glﬁﬁéﬁ@&o%aﬁq%ameonamrmgm@_ at |east 64
Mo acabtiloblcai® b0 Bl ol La iige! n sai d

c Y

attacni ng conprises attaching as a plug and play
bl ocWherew gl atigghingicompiisessataching ee 8 Sluwpgariopipy ibkek-device
atk SleMin Yaili € it | ock commands as. packets
“encapsul g?lgd@égsé{n e&ﬂ%glsg%gﬁ@g‘gn%rfﬁ ‘%‘Feo@eéﬂéomma_nds as
PACkPl onesiigted insider USID packeRAWAHR IpSoRNIIIVRES Bl B8 @ Gnore
?&,ﬁ&g&lagg gorrprl sdes translating by said nodule, a )
PH OO €8P Baerelnsaid secessing semeprinsy treeslatingbiseid nmdule a logical
addhees brablogdaévi®ToRinaadi i AeBt ho
according to claimb53, I\%ﬁg?gygﬁ&ég‘?%eﬁslogg éﬁ\?ﬁ%‘?y
nmodul e is conprised in a unitary flash nenory storage

zad e t hed accordi ng. ¢t | ai m 53, wherein
_54é X %’%@f’%gﬁ”ﬁ@%@y" 30 o ¥BereincRidflash memory module is comprised
10 a unitary flash memory storage device,

55. A method according to claim 53, wherein said flash memory module acts as a
flash disk.

56. A method according to any of claims 53-55, wherein said module comprises a

single external data connector.

57. 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 coﬁnector by




flash disk. 56. A nmethod according to any of clains
53-55, wherein said nodule conprises a single

external data connector. 57. A USB flash nenory device
for connecting to a USB-defined bus, the flash nenory
devi ce being provided as g,single integral unit with a
singl e external connector, conprising: (a) at |east
BY?é’ldF!l%% hlogleAevise intedadeand (vb)chcam lapstaons iofhds @i t+eitaab said at

%&%gtﬂggh tor is a USB connector adapted
for connec?%@?ﬁ?%éagﬁ -def Il ned bus; (c) a USB

c 0 nt r 61) ldivusiig enllobing edid Adest wid flash @Ry Availe Bl idiSER
a_ bl ock-device interface

%“@{"hls@%ﬁ‘g@v&e edgenegriprifmewted o said at

Whersm snitbodduaﬂ& HRIPALS ATBSHhSnd ﬁ{i&ﬁﬁg@r vé}uéh d and
encl |n9 said at | east one flash nory rm e an%ﬁl

omrpands sicpized asppligation pagkeds evengiié imcmmaitor into

ddﬁ&lé:ﬁ[‘]glﬁ&ﬁtQEaS{&le efori ({FI‘I n said controller
conprises a conman |nterlB(r ef whi ch interprets read

and iereie stil 8B cantotledsegptistes waill skl anpdst 6@ ﬂam memory

_ i d.USB. connect o nto .actions f said
at F‘g‘rgst&}é‘ﬁ{é‘e?f‘ "q*ﬁ ‘}F&WP&? E@mﬁ%h%ﬁ’@ lecgepmetay, and sp
-cont mdleteir sabgdéastadne Seatiré Borftists abub Gagk, one flash
menory nodule to determ ne at | east one feature of

the flash nodul e geormetry, and wherein said at |east

58NeA TOSH Wiagh GRARE 3&%ucdfol %émwcﬂﬁg%ggu%ﬁp 1R f 'u?SE,et%ash

nenDry device for connecting to
memgEy, deisprdieingdprevided laei ngingleotiteigral asit aviti agisgle external

coRb&ef, u} with a single external connector,
conprfgnrl;lgﬁé ga) at | east one flash nmenory nodul e; (Db)

onl y(apatseasgbree ftash aefioty medngct or, whi ch connector is a
USB &) ctor adapt ed for connection to a USB-defined
bus; ?8}’? Ya2 (S8l erierpd) Wﬁc\mﬁ athigh cemfeetor s 9ilUSB gotmsstor

. a@pﬁdf&%ﬂn&éﬁ&lﬁﬁdmgﬁh providing a bl ock- devi ce
| nterface and which at eas one of reads and wites
o <51 HUSB conteeller which irftérfiwks withmrhpsnmetitatd USBdonnector by
providing a block-device interface and which at least one of reads and writes to said at
least one flash memory module; and
(d) a housing enclosing said at least one flash memory module and said USB
- controller, on which said single external USB connector is mounted,
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,
wherein said USB controller negotiates with said at least one flash memory
module to determine at least one feature of the flash module geometry, and

wherein said at least one feature comprises an interleaving.

59. 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;




i

(d) a housing enclosing said at |east one flash nenory
nmodul e and said USB controller, on which said single
external USB connector is nmounted, wherein said
control l er conprises a conmand interpreter which
interprets read and wite bl,gck commands received as
appl i ﬁﬁtm packets over said USB connector into

actio asele gxtemalaeannenter, fhigh comedtpy isn diSBe connector
(e fBr SRhekiHPR £08BIRELGM,Aeg0t i ates with said at

| east one flash nenory no it to deternine at |east

one f&apUSB oohtreltee whichsiterfaas withGHRERS ey saidSB whk8oby
jses an_interl eaving.
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lesBogeflashenknlmrg mottile; fsdash nmenory devi ce bei ng
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g adapt ed

connector, which connector is a connector
f or Frée $3idepntrgller comprishefa aosunandsntespedteravhilifinterprets read

2RO Mrit@bloBk c¥hGhid f s w t.h a host over i d USB
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1 pettpng forisaidsit least enoflasherdtsord Rtbduld, &fE to said at
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encl osing s

c@apacﬂibldsﬁthsﬁtaﬁdaﬁdé;ﬁfaﬁnggysmﬁ‘ch sai d single external
USB connector is nounted, wherein said controller

conprises a command interpreter which interprets read

6@mNEl kteiCed) C ei yed, as ljcation . .
pac <t o_verlﬁ'ggllgdEP U &gg%ér’qgﬁ?%yo JBoherd 8dest Beludingge

stapdardegpsratiog eystdnainktatiehthesgomodul e, and wherein sai d
controller is configured to enulate a bl ock device in

a manner conpatible with a standard operating system

6160 USI fladie mesoRPObiiétor bolREHGE (3SEORBLAINLL bl Th"Tish
and a host_ including a standard operating systém
memary fqvice being peevidegias A simsle fintegtal nenitowith de wingle £xternal
coﬁ%ﬂﬁ(‘do' 'sfng: a USB-defined bus, the flash nenory
devi ce being provided as a single integral unit with a

si nfp)at lerstena flhsh manre adodile; CONPr i si ng:

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

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

(d) a cable coupled to said connector at one end thereof and including a
standard peripheral USB connector on another end thereof,

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

actions for said at least one flash memory module,

62. A device according to claim 61, wherein said connector is 2 USB connector.




(a) at |east one flash nenory nodule; (b) only a

single external digital data connector, which

connector is a connector adapted for connection to a

USB- defi ned bus; (c) a USB controller which interfaces

with a host over said conneggtor by providing a

%hg&§édevice i nterface and which at | east one of reads
Vif@accordingto any of cliima 61 -6anehékmshiddeniot i dpemtveto act

aQQﬁQkaﬁjsggh%O&OUp|ed to said connector at one end

thereof and including a standard peripheral USB

connector on another end thereof, wherein said

) reconpri.ses a conmand interpreter which,

B Sl b TR e fpioe phost Raiformantis USE Gomplisat desh
Bepbryakevice opReisdgs over said connector into actions
"for said at |east one flash nenory nodule. 62. A

devi ¢ESBEEREA WEteRsckat S seid hogterseiddewiaé;d connect or
IS apdIBmeuapRsagWelte; 26 63. A device according to any
of clainms 61-62, wherein said device is operative to
act URSsmttngessiatus prckdt Grogmsaill dewitie.to Gedd héstiret hod of

CoMMdL-Lil, ) -1 latformand a US
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t r angaid host ngsoeiating 4atd JBdekewith 6ATWEARL SorpRsid. t 0 said
device; performng said wite; transmtting a status

packet from said device to said host; extracting an
address of said wite fromsaid status packet by said
host; and said host associating said address with
said wite command.




