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BUS- BASED PC FLASH DI SK. Fi el d and Background of Abfie2006

I nvention The present invention is related to

sem conductor nmenory devices, and in particular to

erasabl e and programmabl e nonvol atil e nenory nodul es

which are connected to a host platformusing the USB

PC Bus. Erasable and progranmmabl e non-vol atile nenory

nodul es, hereinafter referred to as flash nmenory or

flash devices, are known in thk art for st orage of
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system, such as that disclosed in U.S. Patent No. 5,404,485, filed on March 5, 1993,

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

Menﬂy, these flash memory devices have a second limitation, which is that -
they must be either attached statically to the host plzitfonn, or attached and detached
dynamically using the PCMCIA [Personal Computer Memory Card International
-Association] interfacg:. Both implementations have drawbacks, including difficulty of
use and high cost.

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




A nore useful inplenentation would foll ow the USB
standard, as described in 10 April 2006 2 the 1{5Rpril 2006
Specification Version 1.1 which is incorporated as if
fully set forth herein. The USB standard offers a
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The USB physical interconnection has a tiered star topoldgy. 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 t.() another hub or function. |
In terms of a capability stack, the USB tasks which are performed at each layer
in the system include a data flow model and a schedule. A data flow model is the
manner in which data moves in the system over the USB between data producers and

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



in the systeminclude a data fl ow nodel and a

schedul e. A data flow nodel is the manner in w Afxil 2006
data noves in the system over the USB between data
producers and data consuners. A schedul e determ nes
access to the interconnection, which is 10 April 2006

3 shared. Such scheduling enabl es i sochronous data
transfers to be supported and elimnates arbitration
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multiple stream pipes can be serviced at different intervals w1th packets of different
sizes. _
The USB standard, as described, has three main.types of packets, including
token packets, data packets and handshake packets. An example of each type of




accommodat e concurrent servicing of a heterogeneous

m x of stream pipes. Thus, nultiple stream pi pesAgAIRO06

be serviced at different intervals with packets of

different sizes. The USE standard, as described, has

three main. types of packets, including token

packets, data packets and handshake packets. An

exanpl e of each type of 10 April 2006 4 packet is
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used to report the status of a data transaction and can return values indicating

successiul reception of data, command acceptance or rejection, flow control, and halt
conditions. Only transaction types which support flow control can retarn ha.ndshaké
packets 28. Handshake packets 28 are always retrned in the handshake phase of a
transaction and may be returned, instead of data packets 20, in the data phase of a
transaction. '

These three different types of packets are exchanged during various phases of

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




successful reception of data, conmand acceptance or
rejection, flow control, and halt conditions. {@Agri2006
transaction types which support flow control can

return handshake packets 28. Handshake packets 28 are
al ways returned in the handshake phase of a

transaction and may be returned, instead of data

packets 20, in the data phase of a transaction. These
three different types of packets are exchanged during
various phases of the transaction which includes a
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of reasons, including low cost, ease of use and transparency to the end user.

| There is thus a need for, and it would be useful to have, an architecture for
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 ths host platform through this



device to connect to a bus defined according to the
USB specification and thereby to formpart of &obfi 2008
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No. 5,799,168 does not teach or suggest such an

i mpl ementation for the flash device. As nentioned
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FIG. 12 is a schematic block diagram of a flash read stafus packet;

FIG. 13 is a schematic block diagram of 2 flash erase request packet; and

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

Summa_xy‘ of fhe Invention

' Example embodiments of the present invention may be in the form 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 controllet/ASIC
(hereinafter termed a “controller”) supports the USB functionality according to the USB
standard, thereby supporting enumeration onto the USB bus, as w;all 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 wellas the

processing of command and data packets from the host
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Detailed Description of the Invention

The present invention is of a flash memory device, containing one or more
flash modules, in which the fiash ﬁicmory is mapped (o the address space of an ASIC
ot a controller which has 2 USB-defined electrical interface and a USB-defined logical
interface. This controller/ASIC (hereinafter termed a “controller”) supports the USB
functionality according to the USI? standard, théreby supporting enumeration onto the




and avail abl e operating system including operating
systems such as Wndows CET" for enmbedded systffvRpril 2006
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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 érray of flash memory
modules 58 in which the data is stored. |

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




Referring now to the drawings, Figure 5 is a schematic
bl ock di agram of the main conponents of a flashg April 2006
menory device and system according to the present
invention. A flash nmenory system 42 includes a host
platform 44 as shown. Host platform 44 operates USB
flash device 46 as a non-vol atil e storage space. Host
platform44 is connected to USB flash device 46
according to the present invention through a USB

cabl e 48. Host pl atform 44 connects to USB cabl e 48
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fransmits status packets using the “status end point”. According to this procedure,
host platform 44 checks (polls) for status packets and USB flash device 46 returns
either an empty packet if no packets for new status messages are present, or

alternatively returns the status packet itself;

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




devi ce enuneration and configuration. USE flash device
controller 56 controls flash nenory nodul e(s) $@Ap 2006
using a control line 60 to control the power of flash
menory nodul e(s) 58, and al so through various ot her
signals such as chip enable, and read and wite

signals for exanple. Flash nenory nodul e(s) 58 are

al so connected to USB flash device controller 56 by

an address/data bus 62. Addrq s/data bus 62 transfers
commands for performng read, wite or erase conmands
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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.




shown) and host platform 44 (not shown) to identify

USE fl ash device 46 and allocate resources for1&8Erl 2006
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controller can determine which MTD should be activated upon interacting.with a
particular flash memory device array. In addition, an identification routine should be
_ able to detect the size of the array of flash memory devices, including the number of
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 prlrz;t_ﬁ.)nn to detennine_the address space and size of the storage media.
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status packets from USB fl ash device 46 when anew
status pacis available. Using these siatus packenssi 2006
USB fl ash device 46 can transmt, to host platform 44,
the results of different connands i ssued by host
platform44 in its requests (not shown). For exanple,
the read command status packet contains one of the
avai | abl e status words such as "success", "error" or
"invalid address”, which enables host platform44 to
determine the result of the reXd command (not shown).
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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
ldentlficatlon structure holding this information, as well as the translation table and
logical address space,

After the USB host controller identifies the USB fiash device, the host

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



operation of a host system connected to a USB fl ash

devi ce according to the present invention is 10 April 2008
described with regard to the processes of identifylng,
progranmm ng, reading and erasing the flash device.

For the purposes of illustration only and w thout
intending to be limting in any way, the exenplary USB
flash device has an. array of two flash nenory

nodul es, each of which is 64Myit in size. The address
translation table is within the flash device so that
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_ ‘memory modules are ready, a “write” comtnand is sent to the flash module or modules




In response to the "identify" command, the flash

device then sends an identification data packeto84ril 2006
shown in Figure 8. In addition to the fields shown in
Figure 7, identification data packet 84 al so contains

i nformati on about the size of the flash device in a
flash device size field 86, as well as information

about the size of the mninal erase unit for erasing
the flash nmenory in an erase unit size field 88. Al

of the packets described in tihis exanple are only data
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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, crror detected
invalid address, invalid length and so forth,

g

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



the host platform Wen the flash controller finishes
the witing process, the controller signals to 10/p@ril2006
host platformthat the status of the USB flash nenory
devi ce has changed, by sending a "wite status”

packet 100, as shown in Figure 10. In place of data
field 98, wite status packet 100 contains a status
field 102. The host platformreads the status packets
fromthe flash nenory device, and fromwite status
packet 100, the host platformmretrieves information

on th% %g | etion status of the wite conmand by
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regg)gg{a.1 enT'L"'ﬁmeld 112 and the data itself in a
data field 114. Read status packet 110 al so features
the status word, according to which the operation was
conpleted, in a status field 116. The read operation
can be conpleted with many different status
situations such as success, fail, error detected,
invalid address, invalid length and so forth. Wen the
host platformneeds to erase an erase unit in the
flash device, the 10 April 2006 15 host platform

i ssues an "erase request" packet 118, shown in Figure
13. This packet contains the "erase" operation code
in an erase field 120, and the |ogical address of the
erase - unit in an ADDR field 122. Upon receiving such a
request, the flash control | er




transl ates the | ogical address to a physical erase
unit address on one of the physical address spagAprlE006
the flash nodul es, and issues an erase conmand to the

- MID bl ock. The erase process generally takes nore tine
then a read or wite proces®. \Wen this erase process
is finished, the controller notifies the host platform
a Rew status packet is ready to transmit. The

c ler then transmts an "erase status" packet
124, asA $is8WIksh melmbigWedcel fbr conhasife $d AUIB-dpfmfel ®hs the4lash
contains the address of the erased unit in ADDR field
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contained in said packets, said addresses being sent
to said USB controller, such that said bl ock conmands

are perfornmed accordlng to said addresses.
3. The USB flash memory device according to claim 2, wherein, if said command

is a write command for writing data to said at least one flash memory module and said
address is a logical address for writing said data, said address resolver module resolves

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

4. The USB flash memory device according to claim 2, wherein, if said command
is a read command for reading data from said at least one flash memory module and
said address is a logical address for reading said data, said address resolver fnodule
resolves said logical address to a physical address of said at least one flash memory

- module




3. The USB flash nmenory device according to claim 2,
wherein, if said command is a wite conmmand fon0 April 2006
witing data to said at | east one flash nmenory nodul e
and said address is a logical address for witing

said data, said address resdlver nodul e resolves said
Iogi cal address to a physical address of sai d at | east
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nodul e resolves said | ogical address to a physi cal
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flash nmenory device according to claimb5, further
conprising: (f) a status handler for receiving said
packets and for sending status packets concerning a
status of said at |east one flash menory nodul e
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vvherel n_the g Vi ce cqonpri ses singl e said connector.
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to 10, wherein said USB controller further conprises:
(i) a USB interface which supports a USB protocol; and

(i) a Ty NSBI MERhkHors dPadeakrdihA® LIaiE BRE Va9, SRR aid
which interprets said
device acts as a dynamically attachable/detachable non-volatile storage device for said

host.

i1, The USB flash memory device according to any of claims 1 to 10, wherein said
UJSB controller further comprises:

(i) a USB interface which supports a USB protocol; and

(ii) a functionally separate flash memory interface which interprets said
commands received as said packets over said USB connector into actions for said at

least one flash memory module.

12. The USB flash memory device according to any of claims 1 to 11, wherein said

USB controller is implemented as a single integrated circuit.




commands received as sai d packets over said USB
connector into actions for said at |east one fh@aPril 2006
menory nodul e. 12. The USB flash nenory device
according to any of clainms 1 to 11, wherein said USB
controller is inplenented a8 a single integrated
circuit. 10 April 2006 18 13. The USB flash nenory
devi ce according to any of clains 1 to 12, wherein
said controller further conprises: (i) a USB-defined
el gct 1 i BRIUSBHa8 h@f@y devick bdcoRingRBmY 6f é1886 1 t0 KRtrein said
interface; (iii) a packet extractor adapted to extract
ancoBpdlenfuithsn smpEistse froma wite request packet; and
(iv) an;aqdpeRfndehoktfinagdapt ed to transiate a

| ogi cal "address from salél wite request packet into a
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~“flash nenory device according to any of clainms | to
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15castidiie A@h fhematyGnodli®B- bus is connected to said host
and wherein said host provides commands to said USB
controller using a standard protocol. 18. The USB
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16. The USB flash memory device according to any of claims I to 15, wherein said
“USB-bus is connected to said host and wherein said host provides commands to said

USB controller using a proprietary protocol.

17. The USB flash memory device according to any of claims 1 to 15, wherein said
USB-bus is connected to said host and wherein said host provides commands to said

USB controlier using a standard protocol.

18. The USB flash memory device according to any of claims 1 to 17, comprising
an address/data bus interconnecting said USB controller and said at least one flash

memory module.




19. The USB flash nenory device according to any of
claims 1 to 18, wherein said USB controller 10 April 2006
negotiates with said at | east one flash nenory nodul e

to determine at |east one feature of the flash nodul e
geonmetry. 20. The USB fl ashl%venory device according to
cIain119 wherein said at | east one feature conprises
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determine a Menory Technol ogy Driver, MID, to use for
said flash nenory. 23. The USB flash nenory device
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generate a translation table and address space. 26.
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wher ei mysaish WaR m&m(g; 1ideCccHBRE IALRS SRl ‘gherem said USB
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f |cantrpllprensesrsgid detoinined fe by diergine @meyrydlfec@pbgn@n\fpr,tMTD
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cﬁ?U%@%angméﬁgﬁgpfllnes for attaching to a plurality
of flash nmenory nodul es. 28. The USB fl ash nenory
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29. The USB flash nenory device according to claim 28,
wherei n said conbined physical/logical interface is
P! Ofrhe ¥isH éﬁﬁﬂﬁ &ice ?c@ordlgg & dthpi? 15 | %ﬁm\}ﬁﬂg{ Nast one
devi ce according to any of clarnms 1 to 29 erein

s deatirre @implisea 8 sizomé afhadgivtmegtypy nodul e conpri ses a
plurality of flash nmenory nodul es. 31. The USB fl ash
menory device of any of clains 1 to 30, wherein said
U3B. camt USBIfash hémcnh@iice Qtding Sclaithi2), whefeilivaidi doteadined

interface adapted to receive said packets, such that
i 51Zgpnd tye aeeyseyl to generate a translation table and address space.

26. The USB flash memory device according to claim 25, wherein said USB

controller generates said translation table and said address space.

27. The USB flash memory device according to any of claims 1 to 26, wherein said
controller includes a plurality of chip enable signal lines for attaching to a plurality of

flash memory modules.

28. The USB flash memory device according to any of claims 1 to 27, wherein said

connector is attached to said controller by a combined physical/logical mterface



packets is a USB token packet, said functional

interface acts on said token packet; and (ii) &0 April 2006
packet extractor serially connected after said
functional interface and adapted to receive said
packets, said packets extra®tor extracting at |east

sai d cormands fromsaid packets wher ei n sai d device
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controller (56) is configured to provide USB

fuct i onalusBlagnentdgRaick B i bikldhONG 3V thkheEQMFRSng: -
flash operations such as programm ng, T eadi ng, and

erasing the flash nodul es (58).
{d) means for providing a USB interface functionality to said connector;

and wherein said controller further comprises:

(i} means for extracting flash memory commands from said packets received
via said connector; and .

(ii) means for controlling said flash memory means in response to said

" commands.

33. The USB flash memory device of any of claims 1 to 31, comprising:

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

and wherein said controller further comprises:
(i) a command extractor operative to extract flash memory commands from said
" packets received via said connector; and
(ii) a memory technology driver operative to controlling said flash memory

means in response to said commands.






