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FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to a system of handling data storage on

flash devices and, in particular, to a system which manages the storage and
retrieval of information on page-mode flash devices, enabling them to behave
as ﬂasI; disks.

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 am in-circuit,
programmable, operation to erase pages of the memory. '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
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.

Software products have been proposed in the prior art to allow a flash
device to be managed by existing computer operating programs without
modification of the operating system program. However, these prior art
programs all have deficiencies. For example, one program operates the flash
memory as a "write once read many" device. This prior art software product
cannot recycle previously written memory locations. When all locations are

eventually written the memory cannot be further used without specific user

t he advant age of being

to rewite a previously witten area of the
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erase and re$\¥°| @ an entire nenor age every tine new data 1s to be
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V\rrzl tiple erase cycles, which are both relative Slf?gvhaiprje 'gns%gl;li cient and
ich | ead to a ke evercome these deficiencies of the prior art, a flas Yy
(FFS) was disclosed in U.S. Patent No. 5,404,485, herein incorporated by -
reference. FRS provided a system of data storage and manipulation on flash
devices which allowed these devices to emulate magnetic, disk-based data
10 storage. As moted above, the relatively inexpensive cost and low power
consumption of flash devices makes them a favorable choice for data storage,
particularly for laptop, portable computers. FFS enhances the ability of flash
devices to act as substitutes for magnetic disk storage. Indeed, FFS as
disclosed in U.S. Patent No. 5,404,485 has proven to be so useful that the
15 data layout specification was adopted by the PCMCIA [Personal Computer
Memory Card International Association] and JEIDA [Japan Electronic
Industry Development Association] committees as a standard called Flash
Translation Layer (FTL).
FFS essentially describes a virtual mapping system for flash EEPROM
20 devices. The virtnal map is a table which relates the physical address of a
read/write block within the flash device to the virtual address of that block.
Since each of these blocks is relatively small, 512 bytes, the size of the
virtual map itself is quite large. FFS also includes a method of storing and
maintaining the bulk of the virtual map on a flash EEPROM device,
25 minimizing the amount of other memory required for storage of the virtual
map.
As noted above, FFS has proven particularly successful for
transforming flash devices into emulators of magnetic disk storage, so much

so that it has been adopted as an industry standard. However, FFS cannot
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Since such a requirement is implemented at the hardware level, this system
also cannot be used with the newer NAND and AND flash technologies.
NAND and AND differ from older flash device technologies in a
number of respects. First, the erasable unit §ize is smaller for NAND and
15 AND, around 8 KB, as opposed to 64 KB for older flash devices. Second,

the erase time is considerably faster for NAND and AND, even when

measured as time required to erase a single byte. Third, the flash memory is
divided into pages for NAND and AND which are 256 or 512 bytes in length,
which is a fixed characteristic of the hardware devices themselves. It should

20  be noted that the term "page" as used herein is roughly equivalent to the term
"block" as used for older flash technologies, although the particular
characteristics of a "page" and of a "block" differ somewhat. These features
have a number of implicationé for the operation of flash devices based upon
NAND and AND technologies.

25 First, page-mode memory has a fixed overhead for writing a page or
any part of it. By contrast, the overhead for the writing operation in previous
flash technologies was proportional to the number of bytes written. Second,
the flash memory in NAND and AND is configured so that each page has
several spare bytes which are specially addressable. These spare bytes are
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equi valent to the term bl ock” as_used for older flash techpol ogi es,

al t hough t hemsmory cigl page-mode. In particular, FFS demonstrates non-optxmlzeg

10 performance on page-mode flash technologies such as NAND and AND
because of the restrictions imposed by pzige-mode programming.
Purthermore, the system disclosed in U.S. Patent No. 5,479,638 also cannot
be used with such flash technologies, due to its requirement for a block-by-
block erase operation.

15 There is therefore a need for, and it would be greatly advantageous to
have, a system for handling data storage on a NAND or AND flash device
which is optimized for performance on page-mode flash techmologies, yet

which is still usable on older, non-page mode flash devices.

20 SUMMARY OF THE INVENTION

The present invention provides a memory organization method for a
memory in which data can only be written to an unwritten portion of the
memory, such that a written portion of the memory must be erased to become
unwritten, and in which the size of the memory portion for reading or writing

25 data differs from the size of the smallest memory portion for erasing, the
method including the steps of: (a) providing a plurality of physical units of
the memory, each of the physical units being the smallest memory portion for
erasing, each of the physical units being designated by a physical unit number

and each of the physical units being divided into a plurality of physical
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within the virtual unit; (c) providing a virtual map for mapping each virtual
unit to 'a't least one physical unit; and (d) mapping each virtal block within
the virtual unit to one physical block within the at least one physical unit.

10 Preferably, the method further includes the steps of: (e) receiving a
write command to write data at a virtual block; (f) locating a virtual unit
containing the virtual block; (g) locating a writable block within a physical
unit mapped to the virtual unit; and (h) writing the data to the writable
physical block. More preferably, the method further includes the steps of: (I)

15  if an unwritten physical block in a written physical unit cannot be located,
locating an uﬂwritten physical unit; (j) writing the data to a writable physical
block of the unwritten physical unit; and (k) updating the virtual map by
additionally mapping the virtual unit to the unwritten physical unit, such that

~ the virtual unit corresponds to the unwritten physical unit and to the written

20 physical unit, the umwritten physical unit and the written physical unit
fomiing a chain of physical units. Most preferably, the writable physical
block of the unwritten physical unit has a physical block offset, and the
physical block offset corresponds to the virtual block offset of the mapped
virtnal unit. Also most preferably, the method further includes the steps of:

25 (D if an unwritten physical block in a written physical unit cannot be located,
locating a second virtual unit corresponding to a plurality of physical units in
a chain; (m) locating the last physical unit in the chain; (n) moving data from
each of the physical blocks of the written physical unit to a writable physical
block of the last physical unit, the writable physical block having substantially
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erasing, the hod i ncluding the steps of: (a) providi n% a plurality
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smal | est nenor ortio or . ..erasing, each of the physical units being
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bei ng divided int QiRnRivER! dnkiYpréferabl $hé fethod further includes the steps of:

() if po unwritten physical unit is available for allopation for the chain,

allocating an unwritten physical unit for reorganization; (m) moving datz
10 from each of the physical blocks of the written physical unit to a writable
physicat block of the unwritten physical unit; and (n) updating the virmal map
by mapping the virtual unit to the unwritten physical unit, such that the virtal
unit corresponds substantially only to the unwritten physical unit. More
preferably, the method further includes the step of: (o) erasing all of the
15  written physical units.
According to other preferred embodiments of the present invention, the
method further includes the steps of: (i) if an unwritten physical block in 2
written physical unit cannot be Iocated, allocating an unwritten physical unit
to form a chain of i)hysical units, such that the unwritten physical unit is a last
20  physical unit in the chain; (j) writing the data to an unwritten physical block
in the last physical unit; (k) moving data from each of the physical blocks to a
writable physical block of the unwritten physical unit, except data written in
step (j); and (m) updating the virmal map by mapping the virtual unit to the
written physical unit, such that the virtual unit corresponds to the written
25 physical unit.
According to another embodiment of the present invention, there is
provided a method of writing data for a memory in which data can only be
written to an unwritten portion of the memory, such that a written portion of

the memory must be erased to become unwritten, the method including the
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is unwritten; (h) writing the data to the physical block only if the physical

block is unwritten; (i) alternarively, if the physical block is not unwritten,
allocating an unwritten physical unit; (§) locating a writable physical block
15 within the unwritten physical unit, the writable physical block having a
physical block offset; (k) writing the data to the writable physical block; and
(1) additionally mapping the vinﬁal unit to the unwritten physical unit
containing the writable physical block, such that the virtual unit is
additionally mapped to the unwritten physical unit to form a chain of physical
20 units. Preferably, the physical block offset of the writable physical block has
an identical block offset number as the virtual block offset.
Preferably, the method further includes the steps of: (m) if an
unwritten physical block in a written physical unit cannot be located, locating
a second virtual unit corresponding to a plurality of physical units in a chain;
25 (nm) locating the last physical unit in the chain; (o) transferring all data within
the physical blocks of the written physical unit to the physical blocks of the
last physical unit; and (p) updating the virtual map such that the virtual unit
corresponds only to the last physical unit. Most preferably, the method
further includes the step of: (q) erasing all of the written physical units.
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10 DESCRIPTION OF THE INVENTION

The present invention is of a method of organizing a flash memory in
which the size of the memory portion for reading or writing data, such as a
block, differs from the size of the smallest portion for erasing, such as a unit.
Examples of types of flash memory which can be organized according to the
15 method of the present invention include, but are not limited to, page-mode
devices exemplified by the NAND and AND technologies. Methods are also
provided of reading and writing data to the flash memory, and of
reorganizing the flash memory when no more unwritten physical units are
available.
20 ~ Hereinafter, the term "physical unit" is defined as a unit on the
physical media or hardware of the memory which is the smallest portion of
the memory which can be erased, or an integral multiple thereof. It is a
portion of the memory which is contiguous, fixed in size and erasable. The
term “physical block” is defined as being the portion of the memory for
25 reading or writing data. Hereinafter, the term "virtual unit” is defined as the
same size as the physical unit. For page-mode memory technologies such as
NAND and AND; the smallest portion of the memory which can be erased is
larger than the page size, typically about 8 KB. As used herein, the term
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location of each physical block is given by a physical block offset. Similarly,

10 each virtual unit is designated by a virtual unit oumber. The location of each
virtual block is given by a virtual block offset. It should be noted that each
virtual unit number can correspond to one or more physical unit numbers,
Thus, the mapping between virtual units and physical units can either be one-
to-one or one-to-many.

15 Hereinafter, the term "writing data" describes the act of storing data
on the flash memory. The term "reading data" describes the act of retrieving
data from the flash memory. Hereinafter, the term "unwritten" indicates
some portion of the memory, such as a physical block, which is capable of

~ having data written to it. Thus, the term "unwritten" includes, but is not

20  limited to, a portion of the memory which has just been erased.

" In a computer or other electronic device having a flash memory
organized according to the present invention, the operating system of that
device interacts with the virtual units and virtual blocks for reading and
writing data. The virtual media, which includes the virtual units and blocks,

25 thus acts as an interface for the operating system to interact with the flash
memory device. For example, the operating system issues a write command
to write data to a virmal block at a virtual block offset. The virtual unit
containing the virtual block is then located. The virtual map then locates a
corresponding physical block within a physical unit of the memory, where the
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virtual unit, each virtual unit being napped to at | east one physical unit;

(c) recejving a wite command to wite data at_ a virtual bl ock; (d)
det er mi ni ng Aata are agually, soredn; Altaough the, pperating:sysiem mesmsicwdhﬁmmg a

Virtual unit Ryt as fopdd e SARKH R BRYNR MBts G LECRARR TP 1T
(9) determ nigaghvidre toh%doﬂymﬁaho@ %&mm thel a?cmw\nﬁwa%us ﬁb&rgwfatéd' ng the
data to the physical block only i'f the physical unwitten;

(i) alternat méheyphymcaihmltsh;uélmmcﬂl blokks ef ﬂmﬂaah/maemban ‘Thus, thel | ocati ng
an unwitten h S,I cal unit t itab Si bl ock 15
Wi he LARPRRRS DY d5 bal date o ths Vivke] Bpkeanh B 58 HoBiBhavi g

physi cal bl ogjg %E ﬁx?ér t(oith 4 iHhidiehr %Iﬁgelfjata to the witable physical bl ock;
t1ona

and (D) 'y mapping the virtual unit to the unwitten

physi cal unit The advaatage bf sucheanvinterfabe i thixythe diblerdnt diskdvantagds dfhat t he
virtual unit is : addltlonally mapped to the unwitten phy5|cal unit to
form a chai n tes fiashymeraany, such asthe sequitement fo5|ap erase before furdier WIitingk of f set

it )

1 0, 1 o el 0 A A B

i ncl udes {ohe viraRiP neédhory ( MAddifiodily, the wﬁdgt@@:eamméaéledﬁlo%kdevibea witten

physi cal unit cannot be | ocat ed, focatl ng a second virtual unit
cor r espondi ngocsoma lpﬂvnrt;alorgagnchthpra;l@nesm ofithe fashnmemoryai Furthgmots) | ocati ng

the last ph | t the ch t f | t t hi
e physi Cal U BRRr8ing syhen iR ORBHCh AV & JePER of (AR TADPEITl ocks of

the technologies without requiring extensive modifications, since one interface

can be used with muitiple types of flash memory devices. Thus, the methods
15 of the present invention permit the greatest flexibility for flash memory

devices and the electronic devices which use them.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is herein described, by way of example only, with
20  reference to the accompanying drawings, wherein:
FIG. 1 is a schematic diagram of a physical flash memory device
according to the present invention;
FIG. 2 is a diagram of a basic system of organizing the flash memory
device according to the present invention;
25 FIGS. 3A and 3B show AND and FMAX systems, respectively,
according to the present invention;
FIGS. 4A and 4B show writing algorithms for the AND and FMAX

systems, respectively, according to the present invention; and



| ast physical unit; and (p) updating the virtual map such that the virtual

unit . corresponds only to the last physical unit. Mst preferably, the
met hod further includes the step of: (g) erasing all of the witten
physi cal uni WD 99/ 21093

PCT/ US98/ 2101 99721053 Al ternatively and preferabl yPCf’HZ?%WIOd
further includes the steps of: (1) if no unwitten physical unit is
avai l abl e for allocation, locating a | ast physi cal unit in the chain;
(m transferring all data within the phytsical blocks of the witten

physi cal units to gysi C bl ocks of the oh sica nit; 5 and (n)
updating the virt shost repwp%alson F‘}eeé-yg’nﬂ@ only to

t he | ast phys l\@gspee er includes the
step ! & §?a3| ng BGY&% gﬁ %ﬂﬁ pﬁ%ﬁﬂ%\/\{#ﬁﬁn physical units,
with the exception of the |ast phy5| cal unit. 10 DESCRI PTI ON OF THE

| NVENTI ON The resent i nvention is of a nethod of organizing a
flash nenory D RIPT {hk EREBERREINEMBOPIMENISt i on for reading or

witing daga, suc

aespresent invention prov:des a system for organizing a page-mode
flash memory device, such as a NAND or AND flash device. This system
includes methods for reading from, and writing to, such flash devices.
Furﬂle;more, the system also provides an interface which enables the flash
device to successfully emulate magnetic disk storage. Such flash memory

10 devices can be installed in a variety of host devices, such as a personal or
laptop computer.

While this invention will be described in the context of a flash
memory, those skilled in the art will understand that its teachings are also
applicable to data storage devices with the same write, read, and unit erase

15 characteristics as flash memories.

The principles and operation of a system for organizing a page-mode
flash memory device according to the present invention may be better
understood with reference to the drawings and the accompanying description.

Referring now to the drawings, Figure 1 schematically illustrates a

20  prior art physical page-mode flash memory device according to a technology
sucﬁ as NAND, for example. The term "physical device" is hereinafter
defined as the actual hardware itself which contains the physical media for the
flash memory device. Such physical media is typically composed of flash
EEPROM units, although any suitable non-volatile, programmable memory

25 device could be substituted. The term "programmable"” is hereinafter defined
as alterable, such as by having data written to the memory device, for
example.

A flash memory physical device 10 is shown, with at least one physical

unit 12. Physical unit 12 is the smallest segment of physical device 10 which



bl ock, differs fromthe size of the smallest portion for erasing, such as a
unit. Exanpl es of types of flash nenory which can be organi zed ) :
according to the 15 met hod of the present invention include, but are not
limted taq, - e devi ces exenplified by the NAND and AND

t echnol ogi es%@%‘g{2 s are also provi ded of reading arﬁﬁnws?%lﬁ'ﬁ data to
the flash nenory, and of reorgani zing the flash nenory when no nore
unwitten physical units are avail able. 20 Herei nafter, the
term "physical unit” is defined as a it on the physi cal nedia or

har dware of the nmenory which is the smallest portiaqn of t he nmenory
whi ch can be C3R BScgrasgl. Fhysistleyris) 12 includes an; intsgsa); number; of locks, nortjon

of the menor ' | ' u | xeq..i ' ela : e

term "physi cé?&gidg@y' sqeg@@é#(?;%d&gggoéi (rii% }fﬁ'hyhéger ?{1 gsn 0 %‘?%ée%hga;%ry for 25
readi ng or WcbliéstiFeadesigniied ak bijcker4. BRRkUEK 1conipobedrdf alRbhatigubas,def i ned as
t he sane size as the physical unit. For page-node nenory technol ogi es

such as fineditengtil goup ofhphysical |hyse addressesnard ishe featsoy yofwiiech can be
crased 1, codArger AN Ne P20 o3y (YR SoUL RO & ficds Ueed

herein, tHe
PCT/ US98/ ZloﬁZvin 10. User data can be stored jn 3 8}13151% data area 16 of tlock 14, " Physi cal

bl ock” is equivalent to the term "page e- node nenory
Each block 14 also has a control data area 18. Control data area 18 is
addressable by a separate algorithm from the main portion of block 14 and is
not included in calculations of the size of block 14. As further described
10 below, control data area 18 is convenient for the storage of information
related to the flash filing system itself. Each physical unit 12 is either an
assigned umit or an unassigned unit. Each unassigned unit is free, contains no
useful data and is ready to be allocated and assigned. Each assigned unit has
been allocated and contains data.
15 Figure 2 illustrates a system for organizing a basic flash memory
device. A system 20 controls both a virtual media 22 and physical device 10,
and relates virtual media 22 to physical device 10 through a virtual map 24.
Virtual media 22 includes a plurality of virtual units 26. Each virtual unit 26
has a plurality of virtual blocks 28. Each virtual unit 26 is designated by a
20 virtnal address. The virtual address includes a virtnal upit number,
desigﬁating a particular virtual unit 26. Each virtual block 28 is designated
by a virtual block offset.  Similarly, each physical unit 12 has a physical
address. The physical address includes a physical unit number, designating a
particular physical unit 12. Each physical block 14 has a physical block
25  offset.
Virtual map 24 maps virtuat unit 26, which is an assigned virtual unit,
to at least one physical unit 12, which is an assigned physical unit. As for the
physical units, if a virtual unit has been mapped to at least one physical unit,

it is an assigned virmal unit. However, one virtual unit 26 can be mapped to



technol ogi es. Thus, virtual units are as |arge as physical units.
Hereinafter, the term"virtual map" refers to a table which relates a
virtual unit to at |east one correspondi ng physical unit. As noted
previously, +Woesgfesnit, virtual or physical, is conposed gfragodiibzal ity
of bl ocks. The exact | ocation of a block wthin a unit is determ ned
according to one or nore preset rules, as further described bel ow.
Each physical unit is designated by a physical unit nunber. The

| ocati on of each physical block is given by a physical block offset.
Sinilarly, 10msraahanioné physicadiunit 32.0TRRsYNBé eOrrespoddetice tbeabeennvitmatunber .
The | ocation of each . virtual block is given by a virtual block offset.
It shoul d be HBita$ andphysiea ynit 12 cagibeteither qnetto-one obORe-{&MABYr r espond t 0 one
or nore physical ugit n ers Thus,.the nmappi ng between virtual units
and physi cal uni tsgé‘?‘\néﬁ?%?ﬂ%@scfﬂggws' The@Bé’@HBEcﬂ'sqmé’-ftaBﬁ'ﬂwm 15

Her ei nafter, A ki y I t hin E?i dat a

on the flash Eegﬁcoé yh%T c‘é&n%z{él?s %'ﬂrgga F’r?g?’zgé‘}éw@é%?ﬁ esseﬁuseé g@ of ’
retrievings suchdastardad comniaad for askriteecomimandliés e ipasticular virnded bicek 28
"unwitten" indicates . sone portiqQn of_the menory, such as a physi cal
bl ock, which dthiy s prgticyiar v d\ﬁ“né‘sdat‘é“%al 1P %oﬂi“tn. logates, thene term
"unwritten" i . . 42 . -[3grtion of the nmenory
whi ch has | us?&%gsg’ﬁﬁ%l?g?éﬁl& Bitr 44 ‘Lmqltfal%gy%garlrpl@f@r% or other electronic
devi ce having a f|Hsthe Goffespondence 6ff @RNingFind ¢ et ond as tshewh, aahnt

i nvention, the operating system of that device interacts with the
virtual unitseaghdviviuak wait 26 beingsmappedrtopxaely anel physical wnitti2adhetathe. The

' I ia,.which includ ' | uni d bl ock 5, th
LS S SR e R, O DA el SO e Sepi”
nmenory devi Cephfs‘i’éal QAP 16 had Bﬁ'ti@@ﬁf ﬁﬁjrd_f&l %Mﬁnﬁfﬂ& ?o‘i%&dxﬁ% Whd bﬁitﬁgmmnd

I I bl ock of fse

to wite data 'to a virtual block at a virtual . The vrirtual

uni t cont damj rigcludiag vthe t reghirérhersk far s perfiermihg qeeriedic tasures riefise nap t hen
| ocates a r.respondi n hysi cal Rl ock within hysi cal unjt of the
menory, wher ea&cﬁganﬁ Fdata car® b€ Written, ere are WO Iposse%blg dolutions to these

constraints which do not involve frequent, repeated erasures of physical
15  device 10 or a portion thereof. _

The first solution is shown in Figure 3A, in which the correspondence
between virtual unit 26 and physical unit 12 is one-to-many, so that each
virtual unit 26 corresponds to a plurality of physical units 12. Virtual map 24
must hold the information required to perform such a mapping. An example

26 of a portion of virtual map 24 is given in Figure 3A, and is usable with the
AND system of the present invention. ,

The portion of virtual map 24 shows physical blocks 14 within physical
units 12, and virtual blocks 28 within virtual units 26. In this example, one
particular viral unit 30 corresponds to two physical units 12. The first

25  physical unit 12 is a primary unit 32. The second physical unit 12 is a
replacement unit 34. For each virtual unit 26 there can only be one primary
unit 32. However, there can be zero or more replacement units 34 associated

with each virtual unit 26. As an example, a virtual unit 36 corresponds only
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PCT/ US98/ 21017 , .10 data are -
actually stored. Although the operating systemissues read and wite
commands as though the virtual units and virtual blocks are_the actual
hardwar e of ™YR¥¥4%3h nenory, in reality the actual har dwaie/yEs1017

I ncor por at ed i n the physical units and physical bl ocks of the flash
menory. Thus, the 5 operating systemis only aware of the virtual units
and bl ocks, and does not directly dnteract with the hardware itself.

The advantage of such an interface_is that the inherent disadvantages of
the flash menth%Prigaenupt3s ard pe Frplacemerfiunits 3450 WrHlMIIGIsAns ur t her

writing ﬁg%ggsygngg_g%l&\égwﬁmﬁé the interactions of the operating

systemw th t vIr menory. itionally, the operating system of

the el ectroni c devlleeorganizatidf@F virtial brRo¥Es 29 will 8epend Qpél theafdditee 58S of the
flash menory. Furthernore, the operating systemcan interact wwth a

vari ety of di plixsicahblotkiskid eemesponding to a parricdanvirwel wiit 26 uFor wirtualr i ng
ext ensi ve podij f,ications,. since. .o i nterface . n,_be used with multiple
types of fPas S\AuE g‘i‘?"kﬁr}gﬁ"nﬁl’é’n H’bmca&@%%% f‘f Wgﬁ’ﬁ‘r esent
I nventi on per jg: {;h@m rex?i%t@d' 1y I evi ces and
the el ectroni E}‘%% [ cegjg’hq%gﬁt%té‘lé t emb'l&cX(s 28 cofrleéia%ﬁd & physical blocks’

14 within replacement unit 34. For virtual unit 36, substantially all virtaal

blocks '28 correspond to physical blocks 14 within primary unit 38.

In the simplest case, in which the virtual unit is a non-replaced unit,

10 the procedure for locating a particular physical block 14 is as follows. A
virtual unit 36 has a virtual unit number 44 which designates virtual unit 36,
and a virtual block offset 46 which designates virtual block 42. Note that
virtual block offset 46 is also a number. Physical unit mumber 50 designates
primary unit 38. A physical block offset 52 designates a physical block 54

15 within primary unit 38. To locate physical block 54 for the purposes of
reading or writing data, the first rule is to divide the desired virtual block
offset 46 by the number of blocks per virtual unit to determine virtual unit
number 44. Virtual map 24 then maps virtual unit number 44 to a physical
unit mumber 50. The second rule is that the desired physical block 14, in this

20 case physical block 54, can be located within physical unit 38 according to
physical block offset 52 which must be the same number as virtual block
offset 46. Thus, virtual map 24 only contains information about virtual and
physical units, but rules are used to determine the proper block offsets.

In the more complex case, each virtual unit corresponds to more than

25 one physical unit. In this case, the group of two or more physical units is
called a "chain”. For example, a virtual unit number 72 designates virtual
unit 30, and a virtual block offset 74 designates virtual block 70. A physical
unit number 78 designates replacement unit 34 and a physical block offset 80

designates a physical block 82 within replacement unit 34. Thus, virtual



BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is herein

descri bed, by way of exanple .only, with 20 reference to the acconpanyi ng
drawi ngs, wherein: FIG 1 is a schematic diagram of a physi cal
flash menmory Y5603 according to the present invention;l,crms”mm., FI G
2 is a diagramof a basic system of organizing the flash nmenory devi ce
according to the present invention; 25 FI GS. 3A and 3B show AND and
FMAX systens, respectively, according to the present invention;

FI GS. 4A and 4B show writing al gorithnmst5for the AND and FMAX syst ens,

rospect | Vel Y. pB&F % 9t VindPulif'So BEFS0had 8RNt o' of replacespent o) 5101+

99/ 21093
11 udit 8- 5A and 5B show reorgani zation al gorithnms for the AND
and FMAX systens, respectively, according to the present invention.
DESCRI PTI ON OF THH cPleEstE pRiEiraf bRCRISIHBE the phirposes of reading opmaitingt i nvent i on
Provides a syl em b the fis tuie io t divifdhe dosired virtal block offset 74 by the
5 number of blocks per virtual unit to determine virtual unit number 72. Virtual
map 24 then maps virtual unit number 72 to physical unit number 78.
However, there is a problem. As stated previously, the second rule is that the
desired physical block is located within the physical unit according to the
physica:l block offset, which must be the same number as the virtual block
10 offset. In this case, there are a plurality of physical blocks 14 in the chain.
In order to determine which physical block 14 has the data, the third rule is
that each physical block 14 having the same block offset as virtual block 70 is
examined in each physical unit of the chain. The last non-free physical block
14, in this case physical block 82 of replacement unit 34, contains the desired
15 data for reading. Conversely, for writing data, the first free physical block
14 is the desired block.
Since physical blocks are written in the order of the physical unit in the
chain to which they belong, the term “last non-free physical block” refers to
the physical block in a unit which is farthest down the chain but which is still
20 non-free. Either there are no more units in the chain, or the physical block
havihg the same block offset in the next unit in the chain is free. Similarly,
to find the first free physical block, each physical block having a desired
block offset is examined in each physical unit in the chain, starting with the
primary unit and continuing down through each replacement unit in turn, until
25 a free block is found.
By contrast, FMAX, although it uses a similar virtual map and
addressing system, has only one replacement umnit for each primary umit, as
shown in Figure 3B. To accomplish this, FMAX uses simple and compound

replacement (physical) units. A simple replacement unit is a unit in which



flash menory device, such as a NAND or AND flash device. This system

I ncl udes nethods for reading from and witing ta, such flash devices. .
Furt hernore, the system al so provides an interface which enables the flash
device to_ succes/%g |y emul ate nmagnetic di sk storage. Sucgﬁi.)ug;sﬁ“ggrmry 10
devi ces can B&% alled in a variety of host devices, such as a personal

or | apt op conput er. While this invention will be described
in the context of a flash menory, those skilled in the art wll
understand that its teachings are alsoté applicable to data storage

devices with the sane wite, read, and unit era eéf.ﬁharacter stics as
fl ash menori ¢ubstantially all of %@%ﬁhé‘%&éﬁfsﬁﬁ@foﬁi‘é YSIGH Wit gourglates y, £ or

organi zing a f V. Fﬁﬁ’ d{{pRat heapr esent

I nvention rra;fﬂ%g&%g?ﬁg? virwal ﬂdﬁ%ﬁ @%{gﬁwﬂg Cofi er giril{ge to tﬁgﬁdr awi ngs and
the aCCO”pa”BHoﬂ@odﬂﬂS?é plateneft wnit is a unit in vFIﬁélﬁ&ﬁdhrw diresy dorrespondenceni ngs,
Figure 1 schematically illustrates a 20 aPrl or art physical page-node flash

menory devi cebeawanr\drm@ hlockaoﬁfmmﬂ phygical block wifsets orgpps, necessadlyanpl e. The
term "physi cal , deyi ce" ei.n

f fined a d
tsel f hith i dsied, iEte by |b59Fé<o*fa§“1go %chﬁgsponﬁm%wixﬁ%%ﬁaéﬁﬂﬁ.
Such physi calofgfli s kil ab §2lsh uRIFROS irklredi PRftical blockERREMst (S

al t hough any Ul non-vo atl f ogr anmabl & “nenory 25 device could be
substituted. Odirol anﬂarmpﬁmgﬁarmsnbminenstoh&xeecmaiedaw@tww order toas

al terable, such as by having data witten to the V|c,e for

exanpl e. determine %lechﬁlﬁh CorgpspPpdenss becen eemsgeﬁsg& “‘g B th at

| east one ph)@é&? unit 12. Physical unit 12 is the srral I est segnent of
physi cal devi 0 which

10 As shown in Figure 3B, primary unit 97 has a simple replacement unit
98, which has a plurality of physical blocks 100, each of which corresponds
to a virmal block 102 in a virmal unit 104. Each physical block offset

corresponds to a virtual block offset which is the identical offset number.
However, if the physical block having the needed physical block offset
15 is not available, then a different physical block in the same physical unit must
be written and the replacement unit becomes a compound replacement unit.
A second primary unit 109 has a compound physical unit 110, which also has
a plurality of physical blocks 112, each of which corresponds to 2 virtnal
block 114 in a virmal unit 116. However, one physical block offset could
20 correspond to a virtual block offset which is the identical offset mumber,
whilé a second physical block offset might correspond to a second virtual
block offset which is not the identical offset number. To find a particular
physical block, the control information written to the control data area must
be examined. As further described below, this has significant consequences
25 for both writing data and reorganizing the FMAX system when necessary.
Figure 4A shows a flow-chart for manipulating the virtual map of
Figure 3A, while Figure 4B shows a flow-chart for manipulating the virtual
map of Figure 3B. In the simplest case, where all replacement units are either

simple units, or primary units with only one replacement unit, the same steps
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PCT/ US98/ 21017 - 12 can be
erased. Physical unit 12 includes an integral nunber of bl ocks,

i ndi vi dual-l ywdemzgat ed as blocks 1 to n, where n i s an i npEegesssn it

col l ectively designated as bl ock 14. Block 14 is conposed of a contiguous,
fi xed-1ength group of physical byte addresses and is a feature of the 5
har dware. Specifically, the size of bl ?ck 14 is a characteristic of

physi cal device 10. User data can'be stored in a primary data area 16
of bl ock 14. BaAsas ; nt r ol
data area 18 clagbeuE&Ffbrgkgxg)S&N?zgﬁby a seggﬁgggg,?&orl nuLf)lrona1]1'tﬁheeCC)n1al n
portion of blvixekal blbckrodfsetsis calculatedtbyldiﬂﬁmgelie mmmbex sfitthavirmabblotk tdie si ze of
bl ock 14. As further, described 10 ow, contro data area 18 is

conveni ent f &¢ 1ppasedsingg Mgoougp qrrﬁfd?l?ﬁg‘ﬁ%ﬁ virtual ungty givaRg the YigBakwish filing

mass gned ufPeE TR R 2@1 gh Bl et O W Pl plgd RS U0t 2T,

and is ready to bNeg, |tﬁ§ailﬁ@hlaxﬂﬁba§5ekﬁtﬂﬁﬂd toafiid 386 iphYsifal Uit WHich been

al | ocated and contai ns dat a. Figure 2 ill'uStrates a systemfor
organi zi ng acbrresponds aenheremugl unit, Ifdwmhyswaﬂ Bmstcam p® fowmt vdlich bot h a
virtual nedia 22 an%} h si cal deyl&p iﬁ? rel ates. virtual nmedia 22
to physical GeFFHED B FF&B“E‘EP"T“WC’\R ysigal meman, 22

| neludes a_Pladeahbd sl or et ﬂgshdé%ées AS: noRCBbatle! Y sictile 'sobdine 35 | NS 2

plurality of virtya Each virt uni t esl gnat ed by a 20

virtual addr ealy opefitévevif alluaplacehibne sinits ard sithpte @nits, for ubé primiaty anioer
desi gnati ng a particular virtual unit 26. Each virtual block 28 is

desi gnat e have ggly ongireplacamasf yuik. SHawezer, thisrichemme doespotiverkyifitheal unit 12
has a physi C%ysxcal block to which data is to be written has already been programmed,

or written, with other data. In this case, a replacement scheme is required
which can handle the task of finding another physical block to which the data
can be written.

15 Two different algorithms are illustrated in Figure 4A (ANAND) and
Figure 4B (FMAX). Both algorithms start in the same manner. In step 1,
the desired physical unit is located. In step 2, the physical block
corresponding to the specified block offset is located within that pbysical unit.

~ In step 3, if the block is unwritten, the data is written to the block. If the

20 desired physical block is not available, then the two systems of the present
invention, AND and FMAX, diverge in the way that each technology handles
the situation where the desired physical block has already been written.

As shown in Figure 4A, the AND system will handle this situation by
looking at the replacement unit(s). In step 4, the xth replacement physical unit

25  is examined, where x is an integer initially equal to 1. If that physical unit
has an unwritten physical block with the desired physical block offset, the
data is written to the physical block. If the block is not available, then as
shown in step 5, x is incremented by one, and step 4 is repeated. Steps 4 and

5 are repeated until the data are either written to a block or no other



address. The

physi cal address includes a physical unit nunber, designating

a particul ar physical unit 12. Each physical- bl ock 14 has a physical
bl ock 25 offset. Virtual map 24 maps virtual unit 26, which is
an assigned Yi.r unit, to at | east one physical ugj which is
an assi gned %hﬁé’%@éﬂ unit. As for the physi cal uni ts?bﬁ&%ﬂ\}i rtual
unit has been mapped to at | east one physical unit, it Is an assigned

virtual unit.
99/ 21093
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than one phy<SepPafemant unifs in G chain pre foppd. o In SHeRG AR PRASHIEY

However, one virtual uni% 26 can be mapped to
8

WO

i

unit 26 and RiySisCRLghA s éﬁgﬁm‘én{éﬁt ghit NfHd @BSHatLar Wrifén &N EretKlodkaNy -
System 20 operates aS follows. The operating systemof an el ectronic

devi ce whi ch widntheidesiral blbasbifsaenory devi ce (not shown) sends a conmand, 5

such as a read command or_.a wite co

within, a particuilhe EMAX syster; hansdies

correspondj NGy. sigfa} Qlogk 1.5y Ry i | :
t he corresgpo%gﬁ%e%%fh ne: %h%i’lﬁ%%%@h%r@” o%n@gﬁh%%ﬁoﬁ ?fﬁsetm
virtual unit 2@pheémentMRAS bcaede X8 iat physieal plockiis ahwrinéd, HiPdats aeen t he 10
situation woul d appear to be relatively sinple. However,_ as noted above,

10

15

20

written to that physical block. Otherwise, a physical block with a different
physicz’ll block offset in the replacement unit is located, as in step 5. Step S is
repeated until an unwritten physical block is located. The replacement unit is
now a compound unit, since the virtual block offsets are no longer the same
as the physical block offsets. In step 6, control information is appended to
the control data area of the physical unit to enable the mapping scheme to find
the correct location of any physical block within the compound unit.

However, even these replacement algorithms may not be sufficient to
handle all of the different needs of flash devices. Both the AND and FMAX
systems will eventually reach a situation where further data canmot be written
to a block within a physical unit because such a physical block is not
available.

In this situation, a virtual unit must be reorganized to restructure the
data into its simplest state, which is a non-replaced primary unit. During this
reoréanization process, physical replacement units which previously belonged
to the virtual unit representation are freed, thereby becoming unassigned or

free physical units. For both AND replacement units, and simple FMAX

replacement units, this reorganization process is called folding and is .

diagrammed in Figure SA below.

Folding requires physical blocks to be written at the same physical
block offset in the replacement unit as they wonld have been written in the
primary unit, for reasons which will become more clear as the process is

described. In the first step of folding, the last physical unit in the chain is

nd, .to, a ticular vyirtual
situation, Rifesentyy &5 ORI B ( ho

bl ock 28

| f
each



physi cal device 10 has particul ar physical constraints for reading and
writing “data, including-the requirenent for perform ng periodic
erasures before additional data can be witten. There are two possible
sol utions -t 0 W3 constraints which do not involve f;,@ﬁ,gggghm;epeat ed
erasures of physical 15 device 10 or a portion thereof. The
first solution is shown in Figure 3A, in which the correspondence

between virtual unit 26 and physical u ét 12 is one-to-nany, so that each
virtual unit 26 corresponds to a plurality of physical units 12. Virtual

map 24 nidefitified, Chhiykigall Wi Kk MeHed) xS CHH fésbet Qaming GFdth SIUed) samBBPPI NQ.
An exanple 20 of a portion of virtual map 247 s given in Figure 3A and is

usable with tmdetermmmmmm«m-dcmdqmémm quehutuvdme x equals 1, The

portion of vi uallﬁ%ﬂﬂpﬁa\?%igs %Wﬁ%ﬁal bl glg_#(sﬁcﬁﬁ{e th| @ng
gmats 2 p:pt 1 uadisd it phyS| cal unr?gpllg
s @it Blrfiinteltt s Gote fspﬁpﬁ@%‘&@tatsglzw% .

The first 25 phy unit 12 1s a prinmary un e second physi cal
unit 12 issa In ayzpdX; dloxktn ofwidit 84s exaniineda oheyt # isiad inseget. 2Bddther e can
only be one pri mar, unit 32. However, there can be zero aor nore

repl acement (APt %QF 1o Bloek 4, oty Is incremgntad bndn V6 Retghen,in ftepS XA5 an

exanpl e, a vi c[/éci‘@x&en‘f&f by $0 StePs'EARCP 8% 2PdNed until either x is P FoPE3

PCT/ US98/ 2101
written block n is found. If a written block » is found, then the data are

moved 'to block #n of the last replacement unit in the chain, in step 4. Steps 2-

10 4 are repeated until all data has been transferred to the last replacement unit,
which then becomes the primary unit. All other units in the chain, if any,
including the previous primary unit, are then freed and are available for
allocation. The virtual map is also updated to reflect the fact that the virtual
unit now corresponds to one physical unit.

13 Unfortunately, fblding does not work for compound FMAX
replacement units, since blocks within the replacement unit do not always
have a physical block offset which is equal to the virtual block offset. A
different process of reallocation is shown for such compound physical units in
Figure 5B. In step I, a new, unallocated physical unit is designated aé the

20 new primary physical unit. In step 2, block n of the compound physical unit
is examined. If data are written to block # of the compound physical unit, the
data are copied to the new primary unit in step 3. If not, data from block n
of the old primary unit are written to the new primary unit. In step 4, n is
incremented by 1. Steps 2-4 are repeated until all blocks have been copied.

25  Once all of the blocks have been copied, the previous replacement unit, as
well as the old primary unit, are freed and are then available for allocation.
As in the previous procedure, the virtual map is updated to reflect the fact
that the virtual unit now corresponds to only one physical unit.



14 to a primary unit 38 and no replacenent units 34, so virtual unit

36 is an exanpl e of a non-replaced virtual unit. .The
organi zation of virtual blocks 28 will depend upon the nunber of .
physi cal hlo 4 corresponding to a particular virtual ' For
virtual 5 ﬁ)rf]al(y?)zboés sone virtual blocks 28 correspond topgfﬂ@ss}"%ésﬂbl ocks
14 within primary unit 32, while other virtual blocks 28 correspond to
physi cal bl ocks 14 within replacenment unit 34. For virtual unit 36,
substantially all virtual bl ocks 28 correspond to physical blocks 14

i t hi ' iy .3 N In the sinplest. .1 n which th

Virtual unit s o @i simplified mpbodgt of B SRCRHABD IR Sk 0
tual . e ! o )

il ani { YoneE B ARSAR icdineRy e dhopess of foppitBlanbil el "0 T

bl ock of fset ifmsdiately sfedizreplazemeny tnitks Sllovated42Thélatsladenfent unit is vi rt ual
bl ock offset 46 is also a nunber. Physical unit nunber 50 designates
primary unit terefore ompsa sransient featursr qidhe spstereand;mathe quieseany statealin bl ock 54

i t hi i it .38. | ' I I k for...t h f
roading or® v VERR e Prksichl meRony OB e, BRVGOR pé Mot iof Rhidhh. Sl Poar ©
bl ock Of 65 exiiudively REpAMERLROMIepRLAE it The iliéBnetiidit &x@stslet er mi ne

virtual unit nunber® 44. Virtual map 24 then maps virtual unit nunber
44 to a physiamy for the pmodesswibwriting). Ahechsemndnof the prdcess; radk of Ithe desi r ed

physi cal block,. 14, .in this 20 .case physical blqck 54, can be | ocated
wi t hi n physi caforgatien J8 'a%fé!zﬁfmdnéot% new unfty, 89 gt ‘gFoE?REB‘F%%t“@E whi ch
nmust be the sgfR; i rt K 4 S ViEt ual  map
24 only cont ai nsulpér%?g(rﬁgrf???%rﬁ' agglzgt n{i/la! rt ugfs %%ghcm&%hggisglg‘#ﬁ% i 'Pg but

rul es ar e s eighplemeitdtidnnindeof bentfvl ayneittubésowAichl ireefequired to manage it. I n t he
nmore conpl ex case, each virtual unit corresponds to nore than 25 one

physi cal uni tHowevernills disadvantage iy thatpitols nolo efficionss sedmsing; the Wit ts i s
called a "cha|ne a virtual unit nunber 72 designates virtual
uni t 30, and%ﬁwgﬁéﬁow&gf'fset 74 designates virtual block 70. A
physi cal uni AINBER médiode fickided 48 the praasRMvdntohi fhus beddlle o Physi cal

bl ock of fset 80
record control information on the physical flash device itself, in order-to

15 describe the state of the stored data. In particular, unit and block control
information are preferably stored, although alternatively such data can be
reconstructed from other types of data. Unit control information describes
the physical unit number assigned to the physical unit, the status of the
physical unit itself as a primary or replacement unit, and its position relative

20 to other units. Block control information describes whether the pliysical
blo‘ck is occupied, freed or superseded by information residing in a different
physical block.

One or both of these different types of information may be recorded in
a special portion of the physical device. As mnoted above in Figure 1,

25 preferably AND and FMAX systems divide each physical unit 12 imto
primary data areas 16, containing the actual user data recorded on the
physical flash device, and control data areas 18, containing the control
information. Although such areas are shown as subdivisions of block 16,

physical unit 12 could also be divided into primary data areas and control data



desi gnates a physical block 82 within replacenent unit 34. Thus, virtual
WD 99/ 21093 - : :

PCT/ US98/ 2107 15 bl ock
70 of virtual wompe1080 corresponds to physical block 82 of reflmegirent

unit 34. To | ocate physical block 82 for the purposes of
reading or witing data, again the first rule is to divide the desired
virtual block offset 74 by the s nunber of blocks per virtual unit to
determne virtual unit nunber 72. Virtuél map 24 then maps virtua

unit nunber 7 ‘Fﬂﬁéﬁs |5H@§; 5@"@ e
probl em As st%g{ag pr e%??&gfmﬁalﬁ con%“r0 S dtlaw?ls Y&Blocki" i€ stlo SI red
physi cal bl oclbeinstedothat enaitrol tl:tm rar¢ak d 8piry sioC icludad mﬁmnmechlu@c Tooatidne

physi cal bl ock offset, ,which nust be the same nunber_as the virtual block
10 offset. I|Achemesolprimary: ¢asa areas 46 ang)are alsorRpt dachyindswhen calewlatiog 14 i n

t he chai n. ch physical block 14 has the data,
the third ru g;eéy‘}rﬁfgf{ﬂ g’ﬁ%ﬁag]r@%%* bl ock 14 having the sane bl ock

of fset as irtual S&h@&NAﬂ@DI@dANDWdEBﬂoIb%eQW §pays afeab fonkedchof t he
chain. The last non-free physical bl ock in this case physical

bl ock 82 of r bickefthmmemory, tBelcomimitwﬂoxmamdnexsduuallyemqmed il thezspéaner
NG, e, R, i hd o B e Sl i e o) B Sek e O 0

For those flash technologies in which no spare area is provided, every

physic;l unit can be divided into a main area for storing user data, and an

10 overhead section, for storing the required control information.

It will be appreciated that the above descriptions are intended only to
serve as examples, and that many other embodiments are possible within the

spirit and the scope of the present invention.



Si nce physical blocks are witten in the order of the physical unit in the
chain to which they belong, the term”last non-free physical block" refers

to t he physical bl ock irm—ax W farthest down the chain but
which is stigl shon-free T HE Eﬁéﬁaé&b‘e ‘no nore uni periuseskifr chain,
or the ph)fy—eaéal—eek—— avi nd:(ﬁﬁﬁé e blfock offset in the next unit

inis free. Simla 'flnd the first free physical bl ock,

in

each phy5| “ uﬂltc“ ” M“I a desi red bl ock offset is exanmined in each
physi cal starting with the primary unit and
g

conti nui ng dovvn throu each repl aceme® unit in turn, until 25 a free

bl ock is fou y contrast, FMAX, although it uses a simlar
virtual nmap @ﬂgATISC%WgPS ng system has only one replacenent unit for

each primary unit, as shown in Figure 3B. To acconplish this, FMAX
uses sinple and conpound repl acenent (physical) units. A sinple
repl acenent unit 1s aAlmetnou'ylovgamzanonmethodforam@gyglwg@hdatacan

PCT/ US98/ 21017

subst anti al | Yo be W‘@Hé"rﬂ‘?y‘é“&%ﬁenbl’%ﬂn Of R MEmpTY ¢ ﬂ@hp%%?é%ﬂme&m t
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virtual unitF° acement unit is a unit in which such a
direct correspe M@i&memory portion for reading or writing data differs from the size of
the smallest memory portion for erasing, the method comprising the steps of:

(a) providing a plurality of physical units of the memory, each of
said physical units being the smallest memory portion for
erasing, each of said physical units being designated by a
physical unit pumber and each of said physical units being
divided into a plurality of physical blocks, each of said plurality
of physical blocks being the memory portion for reading or
writing data and each of said physical blocks being designated
by a physical block offset within said physical unit;

(b)  providing a plurality of virtual units of the memory, each virtual
unit being designated by a virtual unit number and each of said
virtual units featuring a plurality of virtual blocks, each of said
virtual blocks being designated by a virtual block offset within
said virtual unit;

(c) providing a virtual map for mapping each virtual unit to at least
one physical unit; and

(d) mapping each virtal block within said virmal unit to one
physical block within said at least one physical unit.

2.  The method of claim 1, further comprising the steps of:
(e) receiving a write command to write data at a virtual block;

(f)  locating a virtual unit containing said virtaal block;

—_—
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bet ween virtual block of fsets and physical block offsets does not
necessarily '5 exist. Instead, if the physical block having the

correspondi ng physi cal bl ock offset is not available for witing, a

di fferent phywboatiobd ock is ch zﬁﬁ--ﬁm fagteeeN |i nfor nat i orrcrassbdamrW i tten
to the control data area in or _ 'U\C gt er mine the actua
correspondence between a virtudl

Si cajlfipm
As shown in Figure 3B, primary unit 97 has a sinpl eﬁr’"!’,’%ﬁﬂt&&"
98, which has a plurality of physical blocks 100, each @ | scoR'esponds
to a virtual block 102 in a virtual unit 104. Each physical block offset
corresponds to a Vight uddcatihp akwrifablechloskhivithin' & physical dmittmapped b saidt nunber .

However, if the physical block having the needed physical block offset 15
i s not available, thenVEtualprgad: physical block in the sane physical unit

must be witt angd.the e it conmpound
repl acenment unit. ﬁ? Q&\“&’gc%@ea&ﬁﬁ)n%ﬁ]y&’ﬂ%%ke H‘g'g{%ﬁggzgeconpound physi cal
unit 110, which al so has a plurality of physical blocks 112, each of

whi ch corresponds to a virtual _block 114 in a virtual unit 116.
However, one physikal [hemethsfd efelaion,l furthér comprisingothe steps af:vi rt ual bl ock

of fset which is the identical .offset.n eJ ., . Whi]e.a second physi cal

bl ock of f set mght(scorilfg@pwl?@ é"ﬁ?@gﬁﬁ"{?ilﬁlﬁu‘éﬂ"m“ PLY%(‘}R“Mt whi ch
is not the identical offgRhtefU o |Gkl ar physi cal

bl ock, the control i nffér?ﬁ%tﬁeo’nf&\;ﬁﬁhgt%ﬁué‘%&ﬁ??@%%lro "data area nust

be examined. As f it hewritiagaaidodmia ioe howvitablei physiaal Blogio bf s€idninweitlegaequences

25 for both witing data, and reorganizing the FMAX system when necessary.
Fi gure 4A shows a fi owPkysigal umirangdani pul ati ng the virtual nap of

Figure 3A, while Fjgur hart..f or ni Rl ati.ng.the virtual

map of Figure 3B. q‘ﬁ tﬁ%&gflgr%?@:}'@tgéfs%\% e?‘fed‘%‘f‘}a“ ep PXM%&%@@S are

telht her : si npl e uni 4%t t@kaidinWritenUpysRalMrkifl fichthatn@id eRtar aaRnt unit,
e same steps

corresponds to said unwritten physical unit and to said written
physical unit, said unwritten physical unit and said written

physical unit forming a chain of physical units.

4.  The method of claim 3, wherein said writable physical block of
said unwritten physical unit has a physical block offset, and said physical
block offset corresponds to said virtmal block offset of said mapped virtual

unit.

5. The method of claim 3, further comprising the steps of:

(I)  if an unwritten physical block in a written physical unit cannot
be located, locating a second virtual unit corresponding to a
plurality of physical units in a chain;

(m) locating said last physical unit in said chain;

(n) moving data from each of said physical blocks of said written
physical unit to a writable physical block of said last physical
unit, said writable physical block having substantially the same

-
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used for both AND and FMAX. First, .the .wirtual _unlt nunmber and the

virtual bl.oc is cal cul ] tihe nunber t ual
bl ock to lew%;g;z?o%:at ed |nto m%}%ﬁ*xé Qlﬁi%l Ks per vi rr&ﬁmfs@ﬁzrﬁﬂ'f _gi-ving
the virtual unit nunber . - The {reYoskare YY= TRV IESY on remai nder, is the
virtual block offset. 5 Next, the virtual “mmmﬂnmmlﬁml nd
t he physical unit which corresponds to the virtua

physical unit can be found which @rresponds to the virtual” unit] then
the required portion e flash
devi ce. As noted abovce% 0?{:?‘@&&2% sgﬁrﬁﬂgﬁcal bIOde&esanhF%gg%”&? ? if all
repl acenent units are sgdnple units, or the primary units 10 have only one

replacenent unit. However, this scheme does not work if the ) hysical
bl ock to which daf® i s“PLdémEﬁaSWﬂtlm mbmm@mz %ﬂé‘bl’f%g‘mm&

D

witten, with other d t e cene schene |s qU|red
whi ch can handl e the ﬁé@kpbf ‘?a? otaﬂF?é E‘B‘ﬂyg’m’gﬁ Sﬂm?s(?o ch the
dat a can be wri ttﬁﬂsmﬂtﬁllmonlyto sm-ﬁ"ﬁst(iihglil@il%'ﬂit al gorithns are
illustrated in Figure 4A (ANAND) "and Figure 4B (FMAX). Both al gorithns
start in the sane rranner In step 1, the desired physical unit is

located. In step 2 o correspondi ng to the specified
bl ock of fset is |8cat ’&W\E’F%Pﬁc‘?ﬁlé gh%ﬂ@apomnm estepf:step 3, if the
block is unwitte thg. 0 ; sdesired
physi cal bl ock i s?pr?ot glﬁé gg#’&m\%%% ?lfeg%lz\}\oh%sl&%n gﬁ%sm%)a; U%Eg %%ésmfgnt

i nvention, AND and FMi\*)ﬁaxnjlw&ermeexapﬁheoﬂ\@yd Iabeph}eﬁﬁtuﬁiechnol ogy handl es

7. The method of claim 3, further comprising the steps of:

(D if no unwritten physical unit is available for allocation for said
chain, allocating an unwritten physical unit for reorganization;

(m) moving data from each of said physical blocks of said written
physical unit to a writable physical block of said unwritten
physical unit; and

(m) updating said virual map by mapping said virtual unit to said
unwritten physical unit, such that said virtual unit corresponds

substantially only to said unwritten physical unit.

8.  The method of claim 7, further comprising the step of:
(o) erasing all of said written physical units.

9.  The method of claim 2, further comprising the steps of:

(i) if an unwritten physical block in a written physical unit cannot
be located, allocating an unwritten physical unit to form a chain
of physical units, such that said unwritten physical unit is a last

physical unit in said chain;

Sheet Has Been Replaced
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the situation where the desired physical block has al ready been witten.
As shown in-Figure 4A, the AND systemvm' |1 handl e this situation by

| ooking at the replacenent unit +A—step—4-—t-he [err] replacenent

physi cal uniwo3d2109%s exani ned, MﬁﬁiﬁeSnEETs‘imBEENéger i ni tipgiTusszIoETl to 1.
| f that physical unit has ah unwREPLACEIPhysi §al Bl oCK Wi T tire—desi r ed
physi cal bl ock offset, the gara TS WTtTEm T

the block is not avail able, then as shown in stemmmm ﬂﬂ(!" ﬁfﬁmnt ed

by one, and step 4 is repeated. Steps 4 and 5 are*repeate

data are either witten_to a block or no other V\099{21093

PCT/ US98/ 21017 (i) wntmg saxd data to an unwritten physical block im gaid last

repl acenent units in t N, are found. In step 6, an unassigned physi cal
unit is assigned as a %ﬁ? nt unit, and the data are witten to the

bl ock with thg?dewﬁ&g Bhnﬁcﬁoﬂf ERBUof said physical blbEe TVAwEBleem handl es
this situation differently, as shown in 5 Figure 4B. In step 4, a physical

bl ock with the same piphysical blotlookf efid sustwritten phySIGalrmpt.ammdatamt is
| ocated. If that physical block(bs witten, the data are witten to
that physical block. CIHERIPSEP sical block with a different

gpg; ' cal block of (D°t upBatidCsaic RrRRE HRR by Rlabping JaRF HAMI uBf thhail P 5.
written physical unit, such that said virtual unit corresponds to

said written physical unit.

10. A method of writing data for 2 memory in which data can only
be written to an unwritten portion of the memory, such that a written portion
of the memory must be erased to become unwritten, the method comprising
the steps of:

(a) providing a plurality of physical units being divided imto a

plurality of physical blocks, each of said physical units having a
physical unit number and each of said physical blocks having a
physical block offset within said physical unit;

() providing a plurality of virtual units being divided into a

plurality of virtual blocks, each of said virtual units having a
virtual unit number and each of said virtual blocks having a
virtual block offset within said virtual unit, each virtual unit
being mapped to at least one physical unit;

(¢)  receiving a write command to write data at a virtal block;

(d) determining a virtual unit containing said virtal block having a

virtual block offset;

(e) locating a physical unit corresponding to said virtual unit;

()  locating a physical block within said physical unit;

(g) determining if said physical block is unwritten;

-_
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repeated until an unwitten physical block is |ocated. The replacenent unit
Is 10 now a conpound unit, since the virtual bleck offsets are no | onger
t he sane as the physical block offsets. In step 6, control information

is appended {8 5 the cont IQIHISWZWI% g&ﬁ ne physi cal puni Mgzgoﬁnabl e
t he mappi ng scherre to find . hﬁEﬁI% E%Ct a—ﬁeﬂ%nﬁggﬁy&_ua ck

within the conpound unit. Bven ese I e Iacerrent
al gorithnms may not be sufficient 'to 15 handl e aIU! t needs
of flash devices. Both the AND and FMAX syste y reach

a situation where further data cannot Be witten to a bI ock W|th|n a

h I b I
" this situati onta IR, foif SRl GF syl Sicu ok only it BE AT, . (e 20

data into its sinpl estblggkds @anwyittesh i s a non- repl aced primary unit. During
this reorgani zati on process, phy5|cal repl acenent units which

previ ously bel ongéH altemaavqlh.elf\,qatd n@swahbkoc dp REL VWIS, rallgeatingr eed,

t hereby becom ng unassi aned. or Et\e physi cal units. For both AND

repl acenent units, an&nglf‘%'ltt@n *repl acenent units, this

reorgani zati on prgges I ' ' Fi gure 5A
bel ow. 6}I::ol (qtl?dr?gn g(:IIﬁlrg%lIse p ilgiﬁc bﬁv(ﬁ%ﬁ?ag{dﬂhﬁﬂﬁ\;ﬁ\ﬁﬁ}?ﬁ %lIr:]ﬂat t he
sane physi cal bl mnit, sfid seitable physicat blatla hevieg g physical dlockioffsetpoul d have
been witten in the primary unit, for reasons which will becone nore

clear as the proc@és viting smdd@%mmwrmlqwsm@mst@s of folding, the
last physical unigy in 8GR Mapping said virtual unit to said unwritten physical

unit containing said writable physical block, such that said

virtual unit is additionally mapped to said unwritten physical

unit to form a chain of physical units.

11. The method of claim 10, wherein said physical block offset of
said writable physical block has an identical block offset number as ‘said
virtual block offset.

12.  The method of claim 10, further comprising the steps of:

(m) if an unwritten physical block in a written physical unit cannot
be located, locating a second virtual unit corresponding to a
plurality of physical units in a chain;

(n) locating said last physical unit in said chain;

(o) tramsferring all data within said physical blocks of said written
physical unit to said physical blocks of said last physical unit;
and

(p) updating said virtual map such that said virtual unit corresponds
only to said last physical unit.

13.  The method of claim 12, further comprising the step of:
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i dentified, physical unit x, where x is an integer ranging from1l to sone
pr edet er m-nedvoi soptoggrent at i on-dep«ﬁﬁgﬂu oF ' Y ﬂk‘ t hat whereusssgaual s 1,
the replacenent unit is actuallyjt Lg éfh Ft Jland the rest of the

SO Iwms at

al gorithm is not performned. f gr FMAG—x—eguals—1—or 2.

5 In step 2, block n of unit x is exam ned, o 'S ' er.
| f data are witten to block n, n j,s i ncrenent ed %E i 3“ m!ign in
step 3 x is decrenented by 1. Steps 2 and 3 are r t her

X is equal to O o(g)a erasingill bf said BirdeK phydical u@iggld. |f a witten block n is
found, then the da(%a are noved to block n of the |ast replacenment unit

in the chain, in step 4. Steps 2- 10 4 are repeated until all data has
been transferred t | as eplacengn nit . - i then becones the
primary unit. All i%‘t hgﬁ]ﬁmﬁ‘g&f’ﬁcﬁﬁgqgh@i"ﬁ? ?Wg%s?elﬁfﬁgl udi ng t he
previous primary gnit.if 46 Gnihgen phReA o 8'a0aifibhl forAlIBcdtRA, locatin
allocation. The vittual map is also updated to reflect the fact that the

vi rtual uni t now adastiphysicaldmittin saidechainy si cal unit. 15
Unfortunately, foldin does not work, . for conpoun MAX .repl acement
units, since bl ock® W%{Wﬂ%m%aﬁ@ﬁ%m#l%mﬁl%g’f%ﬁs of spigowritten paye o

B oo ook of et IR e Al RNl el &

in Figure 5B, Inagdep 1, a new, unall ocated physical unit is
designated as the 20 new prinmary physical unit. In step 2, block n of the
conmpound physi cal (mini tupdating said wiveal mep sughf thatsaid siraalanit comesponds ock n of

t he conpound physical upit, t . data are copied to the new primary
unit in step 3. If not® ydtgtsgldPngrghgflgggmH. of the old primary unit are

witten to the new primary unit. In step 4, nis
15. The method of claim 14, further comprising the step of:
(o) erasing substantially all of said written physical units, with the

exception of said last physical unit.
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incremented by 1. Steps 2-4 are repeated until all bl ocks have been copied.
25 Once all of the bl ocks have been copied, the previous replacenent unit,

as well as the old primary unit, are freed and are then avail able for
all ocation. woeonfddsi N the previous procedure, the virtual rﬁ?& ' pdat ed

to reflect the fact that the virtual unit nom1corresdbn s’?%“§n|y one
physi cal unit. WO 99/ 21093

PCT/ US98/ 21017 20 A

hi ghly sinplified enbodi mrent of the reg§ganization schene is al so
possible. In this sinplified enbodi nent, the process of reorganization

occurs imedi ately after a replacenent unit is allocated. The

repl acenent unit is therefore only a transient feature of the system
and in the quiescent state, in 5 which the physical nmenory is not

under goi ng the process of witing, data exi sts exclusively in primry
non-repl aced units. The replacenent unit exists only for the process
of witing. At the end of the proceSﬁgxgil of the information is
transferred to a new unit, so that t pl acement unit effectively

di sappears. This nmethod has the advantage of sinplicity of 10
i npl ementation and of control structures which are required to nmanage it.
However, its disadvantage is that it is ngt’ETT*sjgpt, reducing the wite

f fth { ot
per f or mance o e systeM~_ [ 1 _
' 16/- : \18
biock n
F1G.2
20 16
/ /
2 2 — 24 Ve 12
block1 ' r block1 = |14
2671 - - :
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Al'l of the nethods included in the present invention nust be able to
record control information on the physical flash device itself, in order to
15 describe the state of the stored data. In particular, unit and bl ock

control - wobmngti on are preferably stored, although aPCEUSHYZAIY2| y such
data can be reconstructed fromother types of data. Unit contro
i nformation descri bes t he physical unit nunber assigned to the physical
unit, the status of the physi cal ugigt itself as a prinmary or
repl acenent unit, and its position relative 20 to other units. Bl ock
control information describes whether the physical bl ock is occupi ed,
freed or superseded by information residing in a different physi cal
bl ock. One or both of these different types of information may
be recorded in a special portion of the physical device. As noted above
in Figure 1, 25 preferably AND and FMAX systens divide each physical unit
12 into primary data areas 16, containing the actual user data recorded
on the physi cal flash devi ce, angﬂtggérol data areas 18, containing the
control i nformation. Although su as are shown as subdivi si ons of
bl ock 16, physical unit 12 could also be divided into primary data
areas and control data WO 99/ 21093
PCT/ US98/ 21017 _ 21
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areas which are substantially independent of divisions into blocks. It
shoul d be noted that control data areas 18 are not included within the
bl ock | ocati on schenme of primary data areas 16 and are al so not :

i ncl uded when ﬁ*@ﬁfating the overall size of the physigshaidipsh di sk.
5 Si'nce D and AND fl ash technol ogi es have spare areas for each
bl ock of the nenory, the control information is usually recorded in the
spare area of the block, and the er data are located in the primry
bl ock area. For those flas echnol ogi es in which no spare area
is provided, every physical unit can be divided into a nain area for
storing user data, and an 10 overhead section, for storing the required
control information. It will be appreciated that the above
descriptions are intended only to serve as exanples, and that many

ot her enbodi nents are possible within the spirit and the scope of the
present invention. WO 99/ 21093

PCT/ US98/ 21017 28
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1. A nmenory organi zati on nethod for a nenory in which data can only be
witten to an unwitten portion of the nenory, such that a witten portion
of the menory nust be erased to becone unwitten, and in which the size of
the nmenory peidgeames or reading or witing data differs frREWERESZ0Ve of the
smal | est nmenory portion for erasing, the nethod conprising the steps of:

(a) providing a plurality of physical units of the nenory, each of said
physi cal units being the sjge of the smallest nenory portion
for erasing, each of said physical units being designated by a
physi cal unit nunber and each of said physical units bei ng
divided into a plurality of physical Rh@ﬁéf, each of said plurality of

physi cal bl ocks being the size of the y portion for reading or witing
dat a and each of said physical blocks being designated by a
physi cal bl ock of fset wi thin said physical unit; (b)
providing a plurality of virtual units of the nenory, each virtual unit

bei ng designated by a virtual unit number and each of said
virtual units featuring a : #ty of vitual blocks, each of
said virtual blocks being desﬁg%atg%mgfﬁﬁdﬁﬁmt virtual bl ock
offset wwthin said virtual unit; c) mappi ng each virtual unit to
at | east one physical unit to forma virgual map; and (d) mappi ng
each virtual block within said virtual ugit to one physical block within
said at | east one physical unit according to said virtual map. 2.

The nmethod of claim1, further Conprisin ep of: (e)
altering said virtual map to r@§|gg?h§b@ﬁ§ﬁ3§”?i the nenory by changing a

correspondence between at |east one of said plurality of wirt units of
t he menory and at |east one of said pl ul Qbittérvdagf | PEBYSi ca

units of the nenory.
fiten?
@_,/ YES

NO

h

@ | xreplacement unit

3

( Dlock avallable?>
(Qockavallble? > —ves

NO

® - X+1

assign physical
unit
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3. The nethod of claim1, further conprising the steps of: (e)
receiving a wite coonmand to wite data at a virtual block; - (f)

|l ocating a virtual unit containing said virtual block; (9)

| ocating a w&bggﬂ?ﬁ bl ock within a physical unit nmapped tpcressarwirtual
uni t; and ) witing said data to said witable physical block to
forma witten physical unit.

29 4, The net hod of clain1%] further conprising the steps of:
(1) if an unwitten physical block i €said written physi cal unit cannot
be | ocat ed, | ocating a second physical unit; (1)
witing said data to a witable physical block of said second physi cal

unit; and (k) updati ng sai d KEG.4Bal nmap by additionally mapping
said virtual unit to said second physical unit, such that
said virtual unit corresponds to said second physi cal unit
and to said witten physical upi{;—sard—secondiphysical unit and said
witten physical unit forninq%a pH%ﬁ*@mﬂﬁﬂy@ical units. 5. The
met hod of claim4, wherein said wttabte—physt€al bl ock of said second

(2 | locate physical block

writtendata [ @)

nwritten?
> —

NO

b

@ | replacement unit

4

block avam
C_fe/ YES

® different physical block
save unit

ook avalzbeT™
Cajy YES

NO

@ ‘ control
information
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physical unit has a physical block offset, and said physical block offset
corresponds to said virtual block offset of said napped virtual unit.

6. The nethod of claim4, wherein said witable physical block of said
second physi C¥P9%1#% has a physical block offset, and sai dPER/SHEMI7DH| ock
offset is different than said virtual bl ock offset of said mapped virtua

uni t 7. The nmethod of claim4, further conprising the steps of:
(1) if an unwitten physical block cénot be |ocated in any physical
unit, locating a second virtual unit corresponding to a
plurality of physical units in a chain; (m | ocating said | ast
physical unit in said chain; (n) novi ng data from each of said
physi cal bl ocks of said witten physi Xni t to a writable
physi cal bl ock of said | ast physical 5 said witabl e physical block

havi ng the sane bl ock offset as said phy5| cal bl ock of said witten

physi cal unit; an ‘ updating said virtual nmap
by mapping said virtual unit $e{?9§tql§§9h\§|‘?§'5| cal unit,

such that said virtual unit cofrpspond®™&niy to said last physical unit.

8. The nmethod of claim7, further copprising the step of: (p)
erasing all of said witten physical unf{ts in said chain, with the
exception of said | ast W-shcat—unit. 9. The

met hod of claim4, further congs S|bmkhloeumtxep —of-

data written?

YES NO
i .
@ m03§ data @ X }—
FIG.5B

(@ i new primarry unit

block n
data written?
YES NO
copy from copy from old
@ com;?gund unit r¥sarry unit
@ n+1
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:DST/ncL)JSaﬁ{MZ}?'}Zn physi Jm"m"lu “lﬂ”lll/“a,!llabl e for allocation fgr sai d chg: 31

al l ocating 4, an unwitten physical unit for r ization;
(m . novi ngwgagtggm"fom each of said p@gi cal bl ocks of sai %%S'Ip&fzéﬁ physi cal
unit to a writable physial block of said unwitten physical
unit; and (n) updating said virtual map by nmapping said virtual
unit to said unwitten physical AMENDED cLamms Unit, such that said virtual
unit corresponds only {receisclibyltheimtemationdd Burpduys 7 Iusd 199970706.99); 10. A

menory organi zati on el cdeis 135 replagsd Yy amendodilaits 16 7pagegh only be written
to an unwritten portion of the nmenory, such that a witten portion of the
menory nust be erased to becone unwitten, and in which the size of the
menory portior. f or Armesmtiry greemization tiettgpd ot amekndrfy du s/hich dae tlreomly Beewrddent he

(. pr oo e phitn of the Sp @R e e bR SRR SR8 B SRR O
physi cal assed & become unwritten, and firewhigh thesizerofHeaxmanepatign Poreadingof vadtingr asi ng,
it nunt ot SR Bbfthe d i i mepony porion o e, S0 BbA5 RmBey R 13
into a pI%IOﬁt y of physical blocks, each of said plurality of physical
caid oG THEpkRYIRY of Gyl nied e Gl bl Ath 8P DR A 0,
of fset within sai dbgitg/ e siab of the smallost memoryipoition for erasing, each of said physical
units being desigoated by a physical unit number and each of said physical units
being divided into a plurality of physical blocks, each of said plurality of
physical blocks being the size of the memory portion for reading or writing data
and each of said physical blocks being designated by a physica) block offset
within said physical unit;
()  providing a plurality of virtual units of the memory, each virtual upit being
designated by a virtual unit number and each of said virtual units featuring a
plarality of virtual blocks, each of said virtual blocks being designated by a
virtual block offset within said virtual unit;
(c)  mapping each virtual unit to at least one physical unit to form a virtial map; and
(d)  mapping each virtual block within said virtnal unit to one physical block within
said at least one physical unit according to said virtual map.

2. . Themethod of claim 1, further comprising the step of:

(&)  aliering said virtual map to reflect a change in the memory by changing a
correspondence between gt least one of said plurality of virtual units of the
memory and at least one of said plurality of physical units of the memory.

3 The method of claim 1, fitrther comprising the steps of:
| (e)  receiving a write command to write data at a virtual block;

® locating a virtual unit containing said virtual block;

(&) locating a writable block within a physical unit mapped to said virtual unit; and
(h)  writing said data to said writable physieal block to form a written physical unit.
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unit being m m y a virtual-unit ‘nunber and each of
m El ﬂmﬁﬁl plurality of virtual bl ocks,

(b) providing a plz_i:lit of virtual units of the nenory, each vitual
said.virtual units f ﬂ' ﬁ

each of said virtual blocks béj n§ designated by a PCT/USIS2104h I t ual

bl ock of f seWOMRYT said virtual unit; (c) providing a virtual map
for mapping each virtual unit to at I%&t one physi cal ounit;
(d) mappi ng each virtual block within said virtual unit to one physi cal

bl ock within sajd_at |east onpe physical unit; (e)
receiving a wite cOMaRedascliim g.Jugther compusme fesfepsdt: bl ock; (f)

|l ocating a virgyal ifehunwitténophykitd btk Gn i twditten BhyRzKL unit cannot bé Weated,
| ocating a writabl l.ock within.a sical unit mapped to said virtual

b h
unit: (h) e‘e\FPP%@“ BYERIE) sai d wri tabl o physi cal bl ock;

WO 99/ 21093 ()  writing said data to a writable physical block of said second physical unit; and
PCT/ US98/ 21017

C s Lo 31 o (1)
i f an unwrittef9pnyPigting 1, drpl map Ry, additipnaliy raspping sgid; Ymﬁairﬁ%tt"tfé‘d
| ocat ed, _ second (sHybiCal ainit] guchnthatngatd Vit@il JRity&oneslondsNot satdOsebéiidm a
chain of physical units, such t

S hat . . ..said,unwitten physical
unit is a last phyd# ﬂFﬂ&H’F?nqtﬁs%‘éi“ﬁmﬂlgﬁyﬁ’ﬁlum'mdsmd&ys’ﬂli%ﬁ‘{fo id data
to an unwitten physiitalphipdiesknit forsing 6 chadibsf phiacl @it uni t ; (k)
novi ng data fromeach of said plurality of physical blocks to a witable
physi cal _

5., The method of cleim 4, wherein said writable physical block of said second

physical unit has a physical block offset, and said physical block offset corresponds to said
virtual block offset of said mapped virtual unit,

6. The method of claim 4, wherein said writable physical block of said second
physical upit has a physical block offset, and said phyiscal block offset is different than said
virtual block offset of said mapped virtual unit.

7. The method of claim 4, further comprising the steps of:

()  if an unwritten physical block cannot be located in any physical unit, locating a
second virtual unit corresponding to a plurality of physical units in A chain;

(m) locating said last physical unit in said chain;

(m) moving data from each of said physical blocks of said written physical unit to a
writable physical block of said last physical unit, said writable physical block
having the same block offset as said physical block of said written physical unit;
and

() updating said virtual map by mapping said virtual unit to said last physical unit,
such that said virtual unit corresponds only to said last physical unit.

8. The method of claim 7, further comprising the step of:
(p)  erasing all of said written physical units in sajd chain, with the exception of said

last physical unit.

9. The method of ¢laim 4, further comprising the steps of:
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bl ock of said | ast phys] i t data witten in step (j); and
() updating said vﬂmﬁwm‘m‘mﬂﬂ“mgpl ng said virtual unit to said
written physical * ¢ . wn &, such that said virtual unit
correspondsw];.)?wﬁ@hd witten physical unit 11. Fermesoren 0f
witing data for a menory in which data can only be witten to an unwritten
portion of the nmenory, such that a wr & ®en portion of the nmenory nust be
erased to becone unwitten, the nethod conprising the steps of: (a)
providing a plykali “ﬁ%%a; ' ' L1l r”sta{a Dl alt-i y of
physi cal & itfM‘)%b ocC g@ggﬁkg%v%bg%ﬁ%};%gﬁfﬁm sﬁﬁg\/ﬁ\og aL

physi cal unit nunbesn mmwrittempHysiosl unit for reorganization; sai d physi cal bl ocks havi ng

a physical blo of el Rl ' LS bldBstor said wri : | ding a
plurality of v?@ ua%"un %\ést& el r%a"d‘l&vslg@égﬁﬁtig a_ ﬁﬁ?%ﬁﬁ“?é%&?‘r‘%%

bl ocks, each of saiwritablephisfical biockef prid puwritten physicabimitymid nunber and each of
sai d Y a1l W%'hb}ﬁn | Sidedbiemi . L i N
said virtual ur(llll)t, 13;\6‘&% Vi rdt ual ﬁﬁp . alt uni {m’gigi ng ‘%%Iﬂgg}(fh ééat

| east one physi cal wnifi such that said vigted) unit paswsepopds aplytownid nowdtamphyadcal wnitwr i t e
data at a virtual bl ock; (d) determning a virtual unit containing
said virtual block having a virtual block X offset; (e)
| ocating a phydPcal Agremory engruizaionaethgd foy agpsmpry forwhieh dajmean;only be writtegi f )

| ocati ng %aﬂmwagp BLAGK of it talnGi] ShoR a® aGiittel Poktion of tl(:ehgneﬁlgl?y must be

determning if said physical block 1s unwitten; . wri'ting said
data to sarafedinbsremns udyriien, aof inwhich tigisize pfithe memprytnogion foureyding qroaiting

(i ) a| t .. ®, . . . | . . . . . s i ng
second ph)e/\(?sai ca% 4E b the the un%s??abm&ly%ﬁo?ﬁr i%’%#&% a ﬂ%@%@g
physi cal btt@8rREwi t hin said second physical unit, said witable

Pyt e 1ok B ot e ey, il
being the smallest memory portion for erasing, each of said physical units being
designated by a physical nnit number and esach of said physical units being
divided into a plurality of physical blocks, each of said plurality of physical
blocks being the memory portion for reading or writing data and each of said
physical blocks being designated by 2 physical block offset within said physical
ity

(b) providing a plurality of virtual units of the memory, each virtual unit being
designated by a virtual unit nnmber and each of said virtual units featuring a
plurality of virtual blocks, each of said virtnal blocks being designated by a
virtual block offset within said virtual unit;

(¢)  providing a virtual map for mapping each virtual unit to at least one physical

mit;
(d)  mapping each virtual block within said virtual unit to one physical block within
said at least one physical unit;

{€)  receiving a write command to write data at a virtual block;

{®  locating 2 virtusl unit containing said virtual block;

(8 locating a writable block within a physical unit mapped to said virtual unit;
(b)  writing said data to said writable physical block;
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rerrsonroionr g SO ., ..i o cccond onyZear unie

said witabl e physical block, su i d

cont ai Ni Ng e ge2109:
virtual unit 1s aacf‘l tionally mapped to sai d secon 1physi cal
unit to forma chain of physical unit3;1 (m if an unwitten

physi cal block in a witten physical unit cannot be |ocated,

| ocating a secqrd Vvigdfu ,ﬁﬂ't ing .to luralit f. p i cal
units in a W Vi b ?Ac alhrﬁhg'&&ﬁeﬁ&ﬂ(r&%)a gmft%bgtplgﬁé kil ‘é%{‘&pl??y@%‘?k uni t
in said chain; allocfitig an wnwattef physical it itd fota e ahath b physisa ndlits) Byck iteal

bl ocks of said wit M eTAlVEN! ke 5 . .. ..Sai d physical blocks
of said last physi c%ﬁ({fum t; g?#cfw tl£9ﬁ5phym°tﬂo%tt'?ﬁaéd§ﬁ1nd virtual map such
that said virtBl uwrtingssid dstatoansnwnittep physicabblocklimsaid last physical unit; physi cal

unit. : [ er.ei ai.d physjcal .bl ock

of fset of said (%\)rzi t%ﬁggdﬁggﬁ%g?a{ﬁ%%@p%éﬁ%ﬂ%ﬁ ?l(?%s %Fg’@ﬁ’lﬁp&%ﬁa& nunber
as said virtual bl obkcldfiseidiast physical unit, ex@:pt datalimittaid fteplj)pdndc| ai m 11,
further conpri ghng (s S Ahal map by mbfbing safd/ Ri%lal Goiftle! smqwr?t%'n%h%ic'ai ten

physi cal units. )
unit, such that said virtual unit corresponds to said written physical unit.

1S A method of writing data for 2 memory in which data can only b«::writtenﬁo an
unwritten portion of the memory, such that a written portion of the memory must be erased to
become unwritten, the method comprising the steps of: ‘

()  providing a plurality of physical units being divided into a plurality of physical
blocks, each of said physical units having a physical wnit number and each of
said physical blocks having a physical block offset within said physical unit;

(b)  providing a plurality of virtual units being divided into a plurality of virtual
blocks, each of said virtual wnits having a virtual unit number and each of said
virtual blocks having a virtual block offset within said virtual unit, each virtual
unit being mapped to at least one physical unit;

(¢)  receiving 2 write command to write data. at a virtual block;

(@  determining a virtual unit comtaining said virtual block having a virtual block
offset;

(¢)  locating a physical unit corresponding to said virtual ymit;

(f  locating a physical block within said physical unit;

(g)  determiniog if said physical block is unwritten;

(b)  writing said data to said physical block only if said physical block is urwritten;

()  alternatively, if said physical block is not wnwritten, allocating second physical
umit; '

)] locating a writable physical block within said second physical unit, said writable
physical block having a physical block offset;

(k)  writing said data to said writable physical block;
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14. A nmethod of writ rmry i n which data can only be
witten to an unwi tte lmwmlmllﬁmlteﬂ menory, such that a witten portion
of the nmenory nust be erasted 4 o"beéont unwitten, the method conprising the
steps of !  wo99z1693) providing a plurality of physical ROTGSI$IPYIg
divided into a plurality of physical 3 bl ocks, each-of said
physi cal units having a physical unit r%nber and each of sai d
physi cal bl ocks having a physical block offset within said physical unit;

(b)  providingpa phdﬂi@dnhﬂ))’nﬁfag(xﬂgEﬁ&@tﬂd&ﬂh&ﬁt&ﬁid‘&céﬂd"ﬁﬂi@ﬂd'ﬂt% grallty

of wvirtual each sai d Vi rt ual” ani ts havi ng

virtual unit nunbers%lﬁ"‘@?él’it?hﬁ*"% o ,suchtha said Wl‘ﬂ@&%‘m{m@meﬂn@w ng a

virtual block offsetaidbdchidp h?ﬁbamwﬂﬁﬁa%ﬂofﬁmmiual
unit being mapped to at |east one 1¥SI cal unjt receiving a

wite, command @& wHiFcuryaiten physicalihleckm oMtk physical “m(&?m“ bedasptadni ng a
virtual unit contai RokttheSAdesbndividnis®hini® bsttekpdidinl Ba Pluddhity Sy Rl Glits in .

of f set; (e) | ocating a physical unit corresporiding to said virtual
unit; (f) F%ti ng a physical block within said physical unit;

VO 99/ 21093 (n) locating a last physical unit in said chain;
PCT/ US/ 21017

determining if ®hi dofH{EHREAl data, wikhip said plyysical blocks ofsaxdwr(tm;phy%a; Y“FWQ sal d
data to said physi cgid pysiekl vRitky of shid3ak physfediSinfdndbl OCK is unwritten;

(p)  updating safd virtual map such that said virtual unit corresponds only to said last
" physical unit,

12.  The method of claim 11, wherein said physical block offset of said writable
physical block has an identical block offset mimber as said virtual block offset.

13.  The method of claim 11, further comprising the step oft
(@@  erasing all of said written physical units.

14. A method of writing data for a memory in which data can only be written to an
unwritten portion of the memory, such that a ‘written portion of the memory must be erased to
become unwritten, the method comprising the steps of:

(a) providing a plurality of physical units being divided into a phuality of physical
blocks, each of said physical units having a physical unit sumber and each of
said physica} blocks having a physical block offset within said physical unit;

(b)  providing 2 plurality of virtual units being divided into 2 plurality of virtual
blocks, each of said virtnal nmits having a virtnal unit number and each of said
virtual blocks having a virtnal block offset within said virtual unit, each virtual
unit being mapped to at least one physical unit;

(¢)  receiving a write command to write data at a virtual block;

{d)  determining a virtual unit containing said virtual block baving a virtual block
offset;

(¢)  locating a physical unit corresponding to said virtual unit;

()  locating a physical block within said physical unit;
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physi cal bl ock within sai'd Second pfysical unit, said witable

physi cal bl ogfo fddydes#d a physical block of fset; (k) Pﬂé’“fﬂ% said
data to said witable physical block; g.gé (1) additionally mappi ng
said virtual unit to said second physi unit contai ni ng -

said witabl e physical block, such that said virtual unit is additionally

mapped to @ “‘“ﬁ?}?ﬁgﬁfﬁﬁﬁﬁ%‘ﬁw&hﬁ“ﬁ to forma chain of

physi cal units; . ) . | hysi’cal unit is available for
al | ocati on, | ocdhl ngwaitihgsaid gatatoisaid physical block only if saidphivsical blogkais dnserittenn ;

(n) t ransf errgyng ZIt B VR T AREY=T @ﬁ! . ' .tten
physi cal units t(g gﬁ'émﬂ &19, Mi@%’%ﬁ%?@ﬁ* oct{%é’%%&%ng% %I%g%ﬁétp%ysi cal
units; and (opnmt; updating said virtual map such that said virtual
uni t correspondsgsonl ﬁi‘%a ; within sai FEM ' bol feg o <
15. The net ho )of gﬁ%‘?‘ 14, *Iﬁfl%yﬁec?l%%e#p“ sﬁ'rﬁ“é1 eégﬁg%)c o¥ t,smdwntaltl%)
erasing all of said whysicelogihadngaphysisatiblockwffedty t he exception of said |ast
physi cal skt 39w : organi zati on net hod
for a nenory in(l\‘/:\)ni cﬁnaggaéc%ar?tgﬁfglf’gé%%ﬁwggﬁge?r? unwitten portion of
the menory, sucHbt hagddtioneily meppipg)said yirtvalf unithte saidnescond physicab anie cerdaning o
beconme unwritten, ang:k g 2 | fopat it ROk i ng
or witing data di ffer.s%%ir%%ﬁ%ag?}%g?cﬂtﬁﬁe%% _eg’%{]t%ermrg&gg%?%eﬁq?or
elrasi Ingt th;a rrﬁt hod W@P&gﬂﬂh@&b@@ﬁhﬂnohﬁmﬂ(@& provi di ngéi
plurality of phyg)Cale ddNinkine piysRal EBHIL Yvaildde SRRty i
bei ng the size é(?bthe .s_rralt‘flest_ menory por‘ﬁon ?%r %cr%gg!?rllg, a%%Lt(#@saa?d
physical _ m"@_ﬁﬁ@ﬁhﬂé@i ng designated by a physical unit nunber and
each of said phygy Catragifnin all data within said physical blocks of said written physical units to
said physical blocks of said last physical unit; and
(o) updating said virfual map such that said virtual unit corresponds only to said last

Physical unit.

15.  The method of claim 14, further comprising the step of:
(p)  erasing all of said written physical units, with the exception of said last physical
unit.

16. A memory organization method for a memory in which data can only be written
to an unwritten portion of the memory, such that a written portion of the memory must be
erased to become unwritten, and in which the size of the memory portion for reading or writing
data differs from the size of the smallest memory portion for erasing, the method comprising the
steps of:

(a)  providing a plurality of physical units of the memory, each of said physical units
being the size of the smallest memory portion for erasing, each of said physical
units being designated by a physical unit mumber and each of said physical units
being divided into a plurality of physical blocks, each of said plurality of
physical blocks being the size of the memory portion for reading or writing data
and each of said physical blocks being designated by a physical block offset

° within said physical unit;
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being divided into a p cal blocks, each of said plurality
of phyS| clylf'nmlﬂlﬁ"ﬂﬁr%ﬂgt he size of the nmenory portion for
readi.ng or writing each of said physical blocks

bei ng design a physical bl ock offset wi thin said
physi cal uni S’w&’m”’ WD 99/ 21093 PCT/US98/21017
PCT/'US9/ 21017 34 (b) -.
providing -a plurality of vi rtual units %fA’the menory, each virtual unit
bei ng desi gn; ted a virtual unit nunber and each of said

virtual units f®at PP m'ah"y of vigpal ity of thef memory, esch Mr@eﬂ(mthmm of
said virtual bl ocksdgg%agd g§§|‘gﬁmj @kt B¥mBer and each of satH'v‘i&ddFluP f set
within said virtual unjt; providing a virtual ma &ng each

virtual unit to at PBsby %E“bﬂﬂ‘?%le“h of said virtug] hlecks bemgdysiguah&ﬂ:pmg each

virtual block Wthlﬁrtﬁﬂ'b%cltbﬁ%d&'&hhiﬁ@h&v&@al%ﬁ physi cal block w thin
said at | east r}\?ph sji,cal unit; (e) rece|V|ngawr|te command to

wite data at i rP | %¥iRual ‘map( fpy mapging. each wistual witrtp b leastroine physicahi ni ng
said virtual block; ynt (9) | ocating a witable block within a physi cal
unit mapped to said V|rtual uni t; (h) writing said data to said

writable physi 68 bRaeRng ech irkalblogkivitin sajsjmial wiit toree physical(blgck withfn an
unwitten physical Qidsieaktbns ghylicifunit! €n physical unit cannot be | ocated,

(¢)  receiving 2 write command to write data at a virtual block;

() - locating a virtual unit containing said virtual block;

(8)  locating awritable block within a physical unit mapped to said virtual unit;

(b))  writing said data to said writable physical block to form & written physical nit;

({)  if an unwritten physical block in said written physical unit cannot be located,
locating a second physical unit with a writable physical block;

G)  writing said data to said writable physical block of said second physical unit;

(k)  updating said virtusl map by additionally mapping said virtual unit to said
second physical unit, such that said virtnal wnit corresponds to said second
physical unit and to said written physical unit, said second physical unit and said
written physical unit forming a chain of physicaf units;

[4)} if an unwritten physical block in any physical unit cannot be located, Jocating a
second virtual unit corresponding to a plurality of physical units in 2 chain;

(m) locating a last physical unit in said chain;

(@  moving data from each of said physical blocks of said written physical unit to a

: writable physical block of said last physical unit, said writable physical block
having substantially the same block offset as said physical block of said writtsn
physical umt; and '

()  updating said virtual map by mapping said virtual unit to said last physical unit,
such that szid virtual unit corresponds only to said last physical unit.
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| ocating a second physical unit with a witable physical blo .
witing said data to said witable physical block of said second physi cal

unit; (k) updating said virtual map by additionally negng s

virtual unit to said second physical unit, such @588 said viTtua
unit correspop{ST o said wauonmaumggﬁgﬁgmgme@ma@mNun|t an*:« said witten
physical unit, said second uni t Itten
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A flash memory device, and methods for writing to the device and for reorganizing the device. The flash memory device (20) includes
a physical device (10), a virtual device (22) and a virtual map (24) which relates the virtual addresses of the virmal device to the physical
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