Bl T- ALTERABLE. NON- VOLATI LE MEMORY MANAGEMENT TECHNI CAL FI ELD
[ 0001] Enbodi nents of the invention relate to use of bit-alterable,

non- vol at}]] e devi ces. More specifically, enbodi f

i nvention w&zgﬁzﬁ?%é(nenory managenent techni ques for us ﬁ%@?&mgﬁg
bit-alterable, non-volatile nmenory devices. BACKGROUND [0002] Many
current non-volatile nenories, for exanple, flash nenory require data
to be organi zed in blocks that may store file fragnents. As a result,
significant portions of a block of nmenory may go unused because of a
rel ati onship between the size of the file fragnent and the size of

t he bl ock. [0003] BITHALTER ASHRH NONMOHATILBMEMORY Medhbh GEMENThat a
conpl ete bl ock of nenory nust be erased at the sane tine. Data to be
saved beyond the erase operation nmust be copied to a different bl ock
of menory. ThIECHENEAINBIFIA a or consolidation of data in flash
menory can be a conplex and tine consum ng operation. BRI EF

DESCRI PTI ON OFOGRHIE DRZx¥ddE8ents of the invenfion relate to use of bit-alterable, non-

volatile memory devices. More specifically, embodiments of the invention relate
to memory management fechniques for use with bit-alterable, non-volatile

memory devices.

BACKGROUND

[0002]  Many current non-volatile memories, for example, flash memory
require data to be organized in blocks that may store file fragments. As a resul,
significant portions of a block of memory may go unused because of a
relationship between the size of the file fragment and the size of the block.
[0003]) A further characteristic of flash memory is that a complete block of
memory must be erased at the same time. Data fo be saved beyond the erase
operation must be copied to a different block of memory. Thus, erasing data or
consolidation of data in flash memory can be a complex and time consuming

operation.

BRIEF DESCRIPTION OF THE DRAWINGS

Embeodiments of the invention are illustrated by way of example, and not
by way of limitation, in the figures of the accompanying drawings in which like

I1ni o ol e
reference numerals refer to similar slemenis,

Figure 1 is a block diagram of one embodiment of an electronic sysfem.



Enbodi ments of the invention are illustrated by way of exanple, and not by
way of limtation, in the figures of the acconpanying draw ngs in which

| i ke ref ewenoe/mes2setal s refer to simlar elenments.-- PCT/CN2005/0092888 2a i S
a conceptual illustration of a data volume of a traditional, non-volatile
menory havi ng system data stored therein. Figure 2b is a conceptua
illustration of a data volunme of a bit-alterable, non-volatile nmenory

havi ng system data stored therein. Figure 3 is a flow diagram of one
enbodi ment for utilizing systemdata in a bit-alterable, non-volatile
menory. Fi gUrigures2a ig agonenptuapillusiration ofst deda yoJamefof & tradiignal onal
non-vol atil e menory having nultiple blocks and storing nmultiple fragnents.
Fi gure 4b i s mnootaipinealory hawisgd syatenodatoftoreddhtrenl. t er abl e, non-vol atile
menory having nultiple blocks and storing nultiple fragnents. Fi gure
5a is a conceptual illustration of a traditional non-volatile nenory having

nul tiple blocks armiggitedti 99 ddHEdptil dldstragesttsddidaslugRrofatpeddrdbte,a singl e
file having a size greater than a single block. Figure 5b is a

conceptual il ]Sk éﬂl@m%fry ﬁa‘}?{‘% ?%f%‘??ﬁ%%wdqﬁ&éﬁg' atile nmenory having

mul ti pl e bl ocks and storing nu ragnents that correspond to a single
file having a size greater than a single block. DETAI LED DESCRI PTI ON

Figure 3 is a flow diagram of one embodiment for utilizing system data in

a bit-alterable, non-volatile memory.

Figure 4a is a conceptual illustration of a traditional non-volatile memory

having multiple blocks and storing multiple fragments.

Figure 4b is a conceptual illustration of a bit-alterable, non-volatile

memory having multiple blocks and storing multiple fragments.

Figure 5a is a conceptual illustration of a traditional non-volatile memory
having multiple blocks and storing multiple fragments that correspond to a single

file having a size greater than a single block.

Figure 5b is a conceptual illustration of a bit-alterable, non-volatile
memory having multiple blocks and storing multiple fragments that correspond to

a single file having a size greater than a single block.

DETAILED DESCRIPTION

[0004]  In the following description, numerous specific details are set forth.
" However, embodiments of the invention may be practiced without these specific

details. In other instances, well-known circuits, structures and techniques have

-



[0004] In the follow ng description, nunmerous specific details are set
forth. However, enbodinents of the invention may be practiced w thout these

speci fic WebaddvsstN Ot her instances, well-known circui gy Sbb Wees and
t echni ques have -f— not been shown in detail in order not to obscure the

understanding of this description. [0005] There currently exist technol ogies
that provide bit-alterable, non- volatile nenories. These nenories are
non-vol atile like current flash nmenories, but unlike current flash
menories, individual bit value can be nodified without the need to erase an

entire bl ock ngf be¥BRREWn inl 85l iDbidephdtas abdcare the andadtatdih@ofaior i es are.
potentially nore flexible than current flash nenories. However, nuch

sof tware has jhges tiM\%i tten in support of flash nmenory for many applications,
for exanple, renovable nenory have been witten to support the

characteri st i[&OQ()S? f f’i"l?esfg c%@rﬂf}y éxist technologies that provide bit-alterable, non-
volatile memories. These memories are non-volatile like current flash memories,
but unlike current flash memories, individual bit value can be modified without
the need to erase an entire block of memory. Thus, bit-alterable, non-volatile
memories are potentially more flexible than current flash memories. However,
much software has been written in support of flash memory for many applications,
for example, removable memory have been written to support the characteristics
of flash memory.
[0006]  File systems utilize various system control data to manage data
volume. In traditional flash memory some system data are stored as floating
data objects with a specified type or identifier. Examples of which are the
Bad Block Table and Shutdown Info. These system data may be updated and
their locations may change after multiple updates. Therefore, the file system
may be required to scan the whole data volume to search for and identify the
system data during initialization.
[0007] In a bit-alterable, non-volatile memory these system data could be
stored at specific locations and could be edited directly without changing
their locations, so there is no need for the file system search. As the wear-
leveling issue is concerned, an address table could be used for those

frequently updated system data. The address table itself may be stored at a



[ 0006] Fil e systens utilize various systemcontrol data to nanage data
volunme. In traditional flash nenory sone systemdata are stored as floating

data objects with a specified type or identifier. Exanples of which are the
Bad Bl ockV®2B@78Hd Shut down I nfo. These system data maf BENIPENEES and

their locations may change after nmultiple updates. Therefore, the file
system nmay be required to scan the whole data volune to search for and
identify the systemdata during initialization. [0007]In a bit-alterable,
non-vol atile nenory these system data could be stored at specific |ocations

and coul d be edi: - ectly. W i ' I, ' jthere is
no need for tsﬁ)g&hﬁﬁg%{@t&é{% csa\gla&rlﬁ?E}fscﬁ%@k{\%gqa{r%g\?gh&g@@sﬁ%gmﬁgo

concer ned, an, addr ess. | e copld..be u f.or thqse frequently updated
syst em dat a. df’%’e%éfdﬁﬁléézﬁf 3’8%%"?&% Foﬁé%ebaé?wgd at specific |location
and can direct the file systemto the corresponding contr data, by which

I
the wear-| evdPP9Y coln dagigiopal rancuelatileases] flash) meEneTe RIACKIEHOYE) ati | e
(e.qg., flash) nenory, block renoval refers to a technique that may be used
to el im nat e refees fd 4 eechysethadepentiensyd relithingte heddksyst¥m reclaimdirty
space, in current flash designs, the file systemreserves an enpty bl ock as

the spare bl Qiébenc[émlb%'% bl AeEdsi oy re¢Blinddigtgtspadein berrenpilath desiyimsa dat a
bl ock to the spare block and the original data bl ock nay be erased and so

the dirty Spacfig ﬁilésyrs?&h"i‘é%u?fetsi %eezﬁ%ﬂlygﬂﬁ& By iHehpgrdB6BRNDRMngd Si ngl e data

fragment shou not” span cks In traditional non-volatile

menory. [0009 wev.er in. i t-alterabl non-,val.,at il . erase
operation as rlag(éﬁla}/lﬂnﬂaggcﬁdaﬁ%%aryybq %Oprll%ff%ﬁlgaéfiatra ebgﬂ?kr g)dt%fggg él)eécqlél‘lgéran dirty
space and file system may nqt necessary tqQ be aware, of menor l.ocks. Thus,
in one enbodidRdibe otigEa ﬁ%@l@?@%ﬂaﬁo@i%weéfanéépg%? Aibrepacedt gﬁwgﬂd@e an be

renoved. A header-fragnment pair now could span nultiple blocks and a single
dat a fr agnentRestudteld dpahismuédhiapise, ol steils data fragment should not span

multiple blocks in traditional non-volatile memory.

[0009] However in a bit-alterable, non-volatile memory, the erase
operation as used in flash memory is no longer required to reclaim dirty
space and file system may not necessary to be aware of memory blocks.
Thus, in one embodiment, the block restriction of data fragment storage can
be removed. A header-fragment pair now could span multiple blocks and a
single data fragment could span multiple blocks.

[0010] Figure 1 is a block diagram of one embodiment of an electronic system.
The electronic system illustrated in Figure 1 is intended to represent a range of
electronic systems (either wired or wireless) including, for example, desktop
computer systems, laptop computer systems, cellular telephones, personal digital
assistants (PDAs) including cellular-enabled PDAs, set top boxes. Alternative

electronic system: ewer and/or different comnonents,
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[0010]Figure 1 is a block diagramof one enbodi nent of an el ectronic
system The electronic systemillustrated in Figure 1 is intended to

r epr esentwe 20@myges28f el ectronic systens (either wired oprcmoNeb@&an)3ss

i ncludi ng, for exanple, desktop conputer systens, |aptop conmputer systens,
cellular tel ephones, personal digital assistants (PDAs) including

cel l ul ar-enabl ed PDAs, set top boxes. Alternative electronic systens my

i nclude nore, fewer end/or different conponents. WO

2007/ 076623PCT/ CN2005/ 002385 100111El ectroni c system 100 incl udes bus 105
or other comi®ildat i Blectenicsusten 108 dnalpdes b 19 noether qosrmuEeriiopdstisssor 110

coupled to bus 105 that may process information. Wiile electronic system
100 is ill ustto atmchunicate iafematbe apd poessor | 1et@pladdnibos $95 thatmdP0 may
include nmultiple processors and/or co- processors. Electronic system 100

further may ipi6devsimforanigion) IR SR YsteAMD i9fllRirhed withos dggedevi ce 120
(referred to as nenory 120), coupled to bus 105 and nmay store 1 nformation

and | nstruct iDas {HAlIcARYiPS SREERN Bty INIRE ARS8 Gor Bitieol 20 MY al S0

be used to store tenporary vari abl es or ot medi ate | nformation
during execution of instructions rocessor. 110. A portion, or all, of
Terory 120 MRS ARt g . BREER5S ingdiie S b s BopThe
bit-alterable, non-volatile nmenory may include, for exanple, C{T%y be Ovonic

Uni fied MemoiliAi) engthshstoregeofavicer0iiedaradengs yeammy &k spwled Rdwitd PR s

currently owned by Energy Conversion Devices, Inc. Oher bit-alterable,
non-vol ati | e anémery\stare akfnohdipnesdiespruaticn thatinay baexecutag b prepssndr 430.
descri bed herein.
Memory 120 may also be used to store temporary variables or other intermediate
information during execution of instructions by processor 110. A portion, or all, of
memory 120 may include bit-alterable, non-volatile memory.
[0012] The bit-alterable, non-volatile memory may include, for example, may
be Ovonic Unified Memory™ (OUM™), Ovonic Unified Memory and OUM are
trademarks currently owned by Energy Conversion Devices, Inc. Other bit-alterable,
non-volatile memory technologies may also exist that may be used as described
herein.
[0013] OUM, for example, is a semiconductor memory technology based on a
reversible structural phase change. In a thin film chalcogenide (from Column VI of
the Periodic Table) alloy material (e.g., GeSbTe) phase changes between an
amorphous phase and a crystalline phase is used as the data storage mechanism.
Other phase change alloys may also be used, including, but not limited to, GaSb,

InSb, InSe, SbyTe;, GeTe, GeaSb,Tes, InSbTe, GaSeTe, SnSb,Tes, InSbGe,

AglnSbTe, (GeSn)SbTe, GeSb(SeTe), and Tes1GersSbaSs.



[0013] QUM for exanple, is a sem conductor nenory technol ogy based on a
reversi bl e structural phase change In a thin filmchal cogenide (from Col um
VI of thewBenimdse23Table) alloy material (e.g., GeShTe) pphaseo@narsgss

bet ween an anor phous phase and a crystalline phase is used as the data
storage nechanism O her phase change all oys may al so be used, including,
but not limted to, GSb, InSb, |InSe, Sb2Te3, GeTe, Ge2Sh2Te5, | nSbhTe,
GaSeTe, SnSb2Te4, InSbGe, AglnSbTe, (GeSn)SbTe, GeSb(SeTe), and

TeR GeL5S132S2 WD 2007/ 076623PCT/ CN2005/ 002385 [ 0014] Chal cogeni de al | oys
may exhi bit d0@kdr onChalcpganideclioys miay exhibiy elasironigdlreshaldswvidingthabmpp

programmed at a relatively | ow voltage whether in a resistive or a
conduct i ve stafibe.cells teboprypgmalheday olatipely dowvobakebyhedipglin e adsistive of a a
current pul se at a voltage above the switching threshold. The progranmm ng

pul se nmay dric¢fddciSe BRDIA nfeidry céll Mad bRipddhiffled bangplictioh 6f Qbuent
| ow-resi stance state depending on the current magnitude. Data stored in a

cell may be rp%?sg g@?w\%@%&t&%@ﬂfe sQfitchial lthﬂx%rg’r)ﬁlﬂlkgte F&grggia%ﬁ‘xg% [sehiy vely

smal | vol une "o la I'n eac S as ast

progr amabl e fesizstor thal can sl chiRelueen a Hghiesistiyg state and a
depending on the current magnitude. Data stored in a cell may be read by
measurement of cell resistance.
[0015] A relatively small volume of active media in each memory cell acts as a
fast programmable resistor that can switch between a high-resistive state and a low-
resistive state. In general, OUM may be manufactured using a complementary
metal oxide semiconductor (CMOS) process with the addition of layers to form the
thin film memory element.
[0016] Electronic system 100 may also include read only memory (ROM)
and/or other static storage device 130 coupled to bus 105 that may store static
information and instructions for processor 110. Data storage device 140 may be
coupled to bus 105 to store information and instructions. Data storage device 140
such as a magnetic disk or optical disc and corresponding drive may be coupled to
electronic system 100.
[0017] Electronic system 100 may also be coupled via bus 105 to display device
150, such as a cathode ray tube (CRT) or liquid crystal display (LCD), to display
information to a user. Alphanumeric input device 160, including alphanumeric and

7 other keys, may be coupled to bus 105 to communicate information and command

selections to processor 110. Another type of user input device is cursor control 170,

-6-



resistive state. In general, OUM may be manufactured using a conplenentary
nmet al oxi de sem conductor (CMOS) process with the addition of |ayers to

f orm t he wbi2no#d7bémsmenory el ement. [0016] El ectroni ¢ systemchNafosmays3sal so

i nclude read only nenory (ROV) and/or other static storage device 130
coupled to bus 105 that may store static information and instructions for
processor 110. Data storage device 140 nmay be coupled to bus 105 to store
information and instructions. Data storage device 140 such as a nagnetic
di sk or optical disc and corresponding drive may be coupled to electronic
system 100. [SOCHLF Bnevss; oriackballs oreenraydiretiondieyd theorp@ypicalg dieetidhus 105 to
di spl ay device 150, such as a cathode ray tube (CRT) or liquid crystal

di spl ay (LCDjinfotmatibsgldaypommdmt sections tb pravesseel 10 Ahdtoagomtrel ¢uwrsarnput devi ce
160, including al phanuneric and ot her keys, nay be coupled to bus 105 to
comuni cat e ipp§vh{Bat bPBispRY 159mMmend sel ections to processor 110. Another
type of user input device Is cursor control 170, such as a nouse, a

trackbal | oljofi SO pflch6iLisQNeri 9106 s AIUAIGA fordlbfiefiid Al T@ygRt | on

and conmmand tions to processor to control cursor ‘novenent on

di splay 150. [0Q18]El ectronic stem 100 further yincl ud et Wor

i nterface(s) p&%\ﬁ&? OGRS A TR e%lﬁcﬁtaﬁa °R ?%Pﬁtwoggcwle orlg' Hﬁ%@%ﬁey\sgrl g%
network. Network interface(s) 180 may include, for exanple, a wreless
networ k i nt ertayciaclide fagesamnlpfavirdsss ngivek iFasfacedi sy gantensa d 8y rviieh e
antenna(e). Network interface(s) 180 may al so include, for exanple, a wred
net wor k i nt emi@ceptesert omeeninoat antevinafe)r etrak detoifec{s)\i88 noast alesr incloddl e 187,
whi ch may be, for exanple, an Ethernet cable, a coaxial cable, a fiber
optic cabl e, for &@kipM, aGhidEnet@brkanRafaed lodjontmilieate WA XOhbtRe deneeevinodi nent

network interface(s) 180 may provi de access to a
network cable 187, which may be, for example, an Ethernet cable, a coaxial cable, a
fiber optic cable, a serial cable, or a parallel cable.
[0019] In one embodiment, network interface(s) 180 may provide access to a
local area network, for example, by conforming to IEEE 802.11b and/or IEEE
802.11g standards, and/or the wireless network interface may provide access to a
personal area network, for example, by conforming to Bluetooth standards. Other
wireless network interfaces and/or protocols can also be supported.
[0020] IEEE 802.11b corresponds to IEEE Std. 802.11b-1999 entitled “Local
and Metropolitan Area Networks, Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Specifications: Higher-Speed Physical Layer
Extension in the 2.4 GHz Band,” approved September 16, 1999 as well as related
documents. IEEE 802.11g corresponds to IEEE Std. 802.11g-2003 entitled “Local
and Metropolitan Area Networks, Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Specifications, Amendment 4: Further Higher |

Rate Extension in the 2.4 GHz Band,” approved June 27, 2003 as well as related

-7-



| ocal area network, for exanple, by conformng to | EEE 802. 11b and/or | EEE
802. 11g standards, and/or the wireless network interface nmay provi de access
to a per swoaborarre@3net work, for exanple, by conform ng toTBIN26dSHOLIBS
standards. O her wireless network interfaces and/ or protocols can al so be
supported. [0020] 1 EEE 802.11b corresponds to | EEE Std. 802.11b-1999
entitled "Local and Metropolitan Area Networks, Part 11: Wrel ess LAN

Medi um Access Control (MAC) and Physical Layer (PHY) Specifications:

Hi gher - Speed Physical Layer Extension _in the 2.4 Gdz Band," approved

Sept enber 16 ,doggnents sBiustaotlapratedqolst asel desstiberkint Speqifictionad theBluskotesponds
to | EEE Std. 802.119g-2003 entitled "Local and Metropolitan Area Networks,
Part 11: W r Systes: CAN, Medsiom] Agtpsdiskaiebolary RQ004hg tRhBhictath $peced ( PRY)
Speci fications, Amendnment 4: Further Hi gher Rate Extension in the 2.4 Gz
Band, " appr ovg@redtGfud/ Inc2 WBodateal veBas pRV RIS dr sREHFBIV&Esiold dftheot h
protocols are described in "Specification of the Bluetooth System Core,

Version 1.1, /?é‘%&!’th%ggg%@%ﬁﬁgigg%%’g%l by the Bl uetooth Special Interest

G oup, Inc. socl ate Vi ous or subsequent versions of the

Bl uet oot h st d l.so be supported. [0021]11n .addition ,,to, or instead
of , communi Cj{)]%ﬂl v?@%ﬂ%ﬁéqnetgsoﬁ_lﬂ%g%({gﬁﬁ%f?%‘gl,mﬁ e mee?] Séﬁfﬂ\ge( s) 180 may
provi de wirel ess comuni cations using, for exanple, Tinme Division, Miltiple
Access ( TDVAStaBAgdsastwuorkdpisrare(syS0dnas BpVie BiiTeiesesRHINNICAE PR HS EaSM)
protocols, Code Division, Miltiple Access (CDVA) protocols, and/or any

ot her type offonvxasipss §ime MivisicoaMultide Acetse CHPMA)qBRT ¢l gulobalRystem a
conceptual illustration of a data volune of a traditional, non-volatile

menory havi ngosysbdrCeminauniéapioas (G4 piotocolsh CodaditisionaVinltipaedeas i | e
menories (e.g., flash nenory), systemdata 230 may be stored in any

l'ocation of Q@bw(&#famo%}%d/wa@r&&& thi GRS YRR GRbAs FrddcoRN

el ectronic systemWw th which the nmenory is used may be required to scan

data vol ume 246,40 | AEALe,2Y0 SIRLA ATk OFTUER NIl d BudhisRicePt ua
non-volatile memory having system data stored therein. In traditional, non-
volatile memories (e.g., flash memory), system data 230 may be stored in any
location of data volume 210. In order to locate system data 230, an electronic
system with which the memory is used may be required to scan data volume 210
to locate system data 230.
[0023] Figure 2b is a conceptual illustration of a data volume of a bit-
alterable, non-volatile memory having system data stored therein. A bit-alterable,
non-volatile memory may include data volume 250 that may include system data
260. The system data for the bit-alterable memory may be the same as for the
traditional memory except that system data 260 may be stored in a pre-selected

location. Therefore, a scan of data volume 250 may not be required to locate

system data 260. This may result in a shorter initialization time and therefore a



alterable, non-volatile nenory having systemdata stored therein. A
bit-alterable, non-volatile nenory may include data vol unme 250 that may

i ncl ude swetemmdad2za 260. The system data for the bit-al peraiN2eoserassy nay
be the sane as for the traditional nmenory except that system data 260 may
be stored in a pre-selected |ocation. Therefore, a scan of data volunme 250
may not be required to | ocate systemdata 260. This may result in a shorter
initialization tinme and therefore a better user experience as conpared to
traditional non-volatile nmenory technol ogies. [0024]|f wear leveling is a
concern for th§eiser exnesienss @,Coﬁmﬁreddpﬁﬁgﬂt@nﬁé}%r‘splﬁtH@Wy | ocati ons
used to store systemdata 260 nmay be periodically changed. In one

enbodi nent, ade¢mbhigars. to system data 260 nay be stored in a pre-selected

| ocation. Because the expected service life of OUMis nuch greater than

traditional flogs) MeDDKYar TONEAE R 2 QfncenSbehe Batatcehlk, mBy-vortilxnenessary for
sone applications. [0025]Figure 3 is a flow diagram of one enbodi nent for

utilizing syshemefdal-aidetshshlst Lt€m AR bd FerlRIERMY chahg@&OT Y
| ocation for tﬁe eg@sfer% éatsgisrr%gjl %(Zl%ggt er r% %ec?\()qé% ﬁer{ one yér?%og’:g?rent , the
system data may be stored, begi.nnin t a fixed nmepory l.ocation.
Al ternati vel 9% OP?‘:sz)?‘glpéem’&#ﬁ%@%ﬁée@td&{ae%(’%ﬂla%Hg%t%g]fegé? SIS pase
menory | ocation that as indicated by a stored data value (e,g., an offset
val ue’ st or ed lpstiany Bgrasise thegxpaeiadssivice itk pidAVM psopsddy srpes{dt em dat a may
be read or otherwise utilized, 320. That is, the systemdata may be used in
any manner krioditianal flésh maerhoryThevesyest efsydttadatadobmaly badodecepdaraiml i cabl e,
330. Systeminitialization nmay continue using the systemdata, if
necessary, 340Qme[a@PRoAtibhgure 4a is a conceptual illustration of a
traditional non-volatile

[0025] Figure 3 is a flow diagram of one embodiment for utilizing system

datain a bit-alterable, non-volatile memory. A memory location for the system

data may be determined, 310. In one embodiment, the system data may be stored

beginning at a fixed memory location. Alternatively, the system data may be

stored at an offset from the base memory location that as indicated by a stored

data value (e.g., an offset value stored in a register or memory location).

[0026] The system data may be read or otherwise utilized, 320. That is, the

system data may be used in any manner known in the art. The system data may

be loaded, if applicable, 330. System initialization may continue using the system

data, if necessary, 340.

[0027] Figure 4a is a conceptual illustration of a traditional non-volatile

memory having multiple blocks and storing multiple fragments. Data volume 410

of the traditional non-volatile memory may include any number of headers

including header 425, which includes an indication of the memory location for



menory having nmultiple blocks and storing nultiple fragnents. Data vol une
410 of the traditional non-volatile nmenory may include any nunber of
header s iwolu@img2Beader 425, which includes an indicat ipom@2odshe23zenory

| ocation for fragnent 427. Fragnment 427 must be smaller in size than
menory bl ock 420 so as to not overlap the boundary between nmenory bl ock 420
and nenory bl ock 430. [0028] Sim larly, data volunme 410 of the traditional
non-vol atile nenory may al so include header 435, which includes an

i ndi cation of the nenory |ocation for fragnment 437. Fragnent 437 nust be
smaller in sifmmenammgmem%nnmbe gwalies in pizp thangpeperypledket8sandar y
bet ween nenory bl ock 430 and a subsequent nenory block (not illustrated in
Fi gure 4a). THausnotoovetlap thediouodarg betthara mealaryrblotk@2frayd benione bidck Hahit
because data may be greatly fragnmented, which may require nmanagenent of

nmany headers Il_msyel | SASilAGG 888 vbRBN JTRRDIAiib0e kSnivolatitcassosy Bangl e
file. [O029]Figure 4b is a conceptual illustration of a bit-alterable,

non- vol at i | e RR0YDRYB04 TR o BEACKSnARSicH O i thod b FROMENL S.

I n one enbodine I't-al'ter non-volatile nmenory may utilize the
ocati ons. mayTISRBY i CeHBY B GRieL boreHe Thea g e Eg s S R Lat i on
of the menor yas ltg gc?ttoivgplag Iheabo%gcrle{rg %Fe)t%vrgejril Pn%mdc%l %lofclr< %g(r)re alt]l(a a subsequent

memory block (not illustrated in Figure 4a). Thus, a utilization of data volume

410 may be inefficient because data may be greatly fragmented, which may

require management of many headers as well as access to many memory blocks to

access a single file.

[0029] Figure 4b is a conceptual illustration of a bit-alterable, non-volatile

memory having multiple blocks and storing multiple fragments. In one

embodiment, the bit-alterable, non-volatile memory may utilize the same interface

as a traditional non-volatile memory. That is, memory locations may be

organized by blocks with a header to store an indication of the memory location of

a corresponding data fragment.

[0030] In one embodiment, header 465 may be stored starting at a first

memory location in data volume 450. Header 465 may include a pointer, or other

indication, of a memory location corresponding to fragment 467, which may span

a block boundary. That is, fragment 467 may be stored in memory locations that

correspond to block 460 and block 470. Other headers and data fragments may be

similarly stored in data volume 450.
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[ 0030] I n one enbodi ment, header 465 may be stored starting at a first
menory |ocation in data vol unme 450. Header 465 may include a pointer, or

ot her i ndvoavemngs2ef a nmenory | ocati on correspondi ng toptragNreoFoodss, which
may span a bl ock boundary. That is, fragnent 467 may be stored in nenory

| ocations that correspond to bl ock 460 and bl ock 470. O her headers and
data fragnents may be simlarly stored in data volunme 450. WO
20071076623PCT/ CN2005/ 002385 [ 0031] The data stored in fragnent 467 of
Figure 4b may be the sane data as stored in fragnents 427 and 437 of Figure
4a. Because d883]nayThedatssioset infragmeat 467 eldiiswre Somery bathe samedatagst er abl e,
non-vol atile nmenory as conpared to the traditional non-vol atile nenory,

f ewer header stoasdin feapmertdd Hhahdt 436 o Fagurabhd. eBeamner gath oegibestisedine used nore
efficiently. Also, fewer nenory accesses may be required, which nay result

in inproved @ug&ddgniehtd RMNiPREIRALIRAME, nbANSRALIH @emerdd dosparsias agpt ual
illustration of a tradl ti onal non-vol ati | e menory having multiple bl ocks

and stor! ng miitddabendd. AIRR S (9 ROF 1£3AAAR {efu ﬁecﬁéﬂwth@amasxehaw ng a

si ze greater an a 5|n roma Sl or a single
557, 527, °23'1§~¥r§$f¥§fo<e%%eﬂs erwgc@we;f%qfﬁaewﬁadéb' : %eg“m'et S
Because the original block of data . s larger than any of the individual
menory bl ockdeeduted, whish mpresubig, impagyed an@HtSXStFmé’@ﬁféﬁPa%et h
correspondi ng header may

[0032] Figure 5a is a conceptual illustration of a traditional non-volatile

memory having multiple blocks and storing multiple fragments that correspond to

a single file having a size greater than a single block. Data from a single file, or a

single application-level block of data may be spiit into multiple fragments (e.g.,

517, 527, 537, 547) with corresponding headers (e.g., 515, 525, 535, 545).

Because the original block of data is larger than any of the individual memory

blocks (e.g., 510, 520, 530, 540), a data fragment with corresponding header may

completely fill a memory block. Thus, data may be fragmented and overhead

added because of the structure of the traditional non-volatile memory. Thus,

traditional non-volatile memories may introduce inefficiencies.

[0033] Figure Sb is a conceptual illustration of a bit-alterable, non-volatile

memory having multiple blocks and storing multiple fragments that correspond to

a single file having a size greater than a single block. The data stored in fragment

575 of data volume 550 in Figure 5b may be the same data as stored in fragments

517,527, 537 and 547 of data volume 500 in Figure 5a. Because a data fragment

may cross block boundaries, the single fragment 575 may store the data in

logically adjacent memory locations in multiple blocks (e.g., 560, 570, 580, 590)
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conpletely fill a menmory block. Thus, data may be fragnented and over head
added because of the structure of the traditional non-volatile nmenory.
Thus, tr asDt2o@makeé2aon-vol atile nenories may introduce i pefffaN2I&OLBS.
[0033] Figure 5b is a conceptual illustration of a bit-alterable,

non-vol atile nmenory having nmultiple blocks and storing nmultiple fragnents
that correspond to a single file having a size greater than a single block.
The data stored in fragnent 575 of data volunme 550 in Figure 5b may be the
sanme data as stored in fragnents 517, 527, 537 and 547 of data vol une 500
in Figure 5a.WBEGagEng oaltasingla §eadst (ehyed) o Becaisp dntamayigared n t he
single fragnent 575 may store the data in logically adjacent nenory

| ocati ons i n feweért fragneenitd foc kisthe diteplterdble) nob70]latikBiRembH0ds cowmtpiated to dlwpui ri ng
only a single header (e.g., 565). Because data nay be stored in fewer

fragments f ortraditionBEndi-Voladile @ieaitdre, feenhasdbRtatd RqUBEDAN BS aCAlpPRr ed to the
traditional non-volatile nenory, tewer headers are required and the

avai l abl e ”ErH?érMoxly%@a&iigggﬁg%g%hﬁ%?éjeﬂi@i'éﬁﬂﬁf ficiently. [0034] Reference in

the specification"to odiment™ or ™an enbodi nent” means that a

particul ar f e, structure, or characteristi escri,bed in connection
Bth the enbdl il RERRTGF it SprolR RISt ufBRfEh bt ¢ e
invention. The appearances of the phrase "in one enbodinment” in varjous

pl aces in t hemhedEnentcmeppsibalepaticuladegutea ptrucurg) or q%élfaéwrlﬁ%dftseﬂ?#e sane
enbodi ment. 100351Wiil e the invention has been described in terns of

several enbodirentestion wWithdhskihbodahentns ifebudad in off ledst paeoghddimenteftthe he
invention is not limted to the enbodi nents described, but can be practiced
wi th nodi fi cahvearioanThahpasincesoihé plirasd e ospembbdiardt 4t opeowfplides
appended cl ai ns. The description is thus to be regarded as illustrative

instead of |ijfd §eeification are not necessarily all referring to the same embodiment.
[0035] While the invention has been deécribed in terms of several
embodiments, those skilled in the art will recognize that the invention is not
limited to the embodiments described, but can be practiced with modification and

alteration within the spirit and scope of the appended claims. The description is

thus to be regarded as illustrative instead of limiting.
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CLAI M5 What is clainmed is: 1. A nenory device conprising: an
array of nenory |l ocations inplenented as bit-alterable, non-volatile nenory
confi gur estoaso7pd2ar al i ty of bl ocks of nmenory | ocati onspcamk2005/002339nt r ol
circuitry coupled with the array of nenory |ocations to cause a bl ock of
data to be stored in the array of nenory spanning a boundary between a
first block of nmenory | ocations and a second bl ock of nenory | ocations.

2. The nenory device of claim1 wherein the control circuitry causes a
header having an indication of a nenory |ocation corresponding to the bl ock

of data to b&lshlM®d within the first block of menory |ocations. 3.
The nmenory device of claiml1 wherein the bit-alterable, nonvolatile nenor
includes cells including a thin filmchal cogenide alloy nmaterial. 4,
The menory devi ce Whatd$ elainm&l isher ei n t he chal cogeni de all oy materi al
conprises GeShTe. 5. The menory device of claim3 wherein the

chal cogenide alloy material is selected fromthe group consisting of: GaSb,
I nSb, InSe, Sb2Te3, GeTememory device comprising:

an array of memory locations implemented as bit-alterable, non-volatile
memory configured as a plurality of blocks of memory locations; and

control circuitry coupled with the array of memory locations to cause a
block of data to be stored in the array of memory spanning a boundary between a

first block of memory locations and a second block of memory locations.
2. The memory device of claim 1 wherein the control circuitry causes
a header having an indication of a memory location corresponding to the block of

data to be stored within the first block of memory locations.

3. The memory device of claim 1 wherein the bit-alterable, non-

volatile memory includes cells including a thin film chalcogenide alloy material.

4. The memory device of claim 3 wherein the chalcogenide alloy

material comprises GeSbTe.

5. The memory device of claim 3 wherein the chalcogenide alloy

material is selected from the group consisting of: GaSb, InSb, InSe, Sb,Tes, GeTe,
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Ge2Sh2Te5, I1nSbTe, GaSeTe, SnSb2Te4, |1nSbhCGe, AglnSbTe, (GeSn) ShTe,
GeSb(SeTe), and Te3t Gel5Sh2S2. 6. The nenory device of claim1l
wher ei n twe 2bémrke20f data conprises systemdata to be uped/aN20050g23BFSt em
initialization and further wherein the block of data is stored in a
pre-sel ected location wthin the menory array for all initialization
sequences. 7. A nethod conprising: receiving data to be stored
in a bit-alterable, non-volatile nenory configured as a plurality of bl ocks
of menory | ocations; and causing the data to be stored as at |east one
B iesh

data fragnentGeRbtTesgablea Gsdaheidngb Ge, 48lnsbTe|(GeRSPTRenDr y

| ocati ons and a second bl ock of nenory | ocations. 8. The net hod of
claim 7 furt H&sSb¢oalm), anidrilys CysSbe®y. a header having an indication of a
menory | ocation corresponding to the data fragnent to be stored within the
first block of nenory |ocations. 9. The nethod device of claim?7
wherein the bit-alterable, nonvolatile nenory includes cells including a

thin filmchal cogeni de gl tetial .0 TREA3EICTE SHRONRARRE385
10. The met hod deS?ce é@kgﬁéPﬁgéﬁ&kengﬁﬂggéggﬁéﬁcogenide alldgééaterial

conprises GeSSl})’;I;gm data to be used during system initialization and further wherein the block

of data is stored in a pre-selected location within the memory array for all

initialization sequences.

7. A method comprising:

receiving data to be stored in a bit-alterable, non-volatile memory
configured as a plurality of blocks of memory locations; and

causing the data to be stored as at least one data fragment that spans a
boundary between a first block of memory locations and a second block of

memory locations.
8. The method of claim 7 further comprising causing a header having
an indication of a memory location corresponding to the data fragment to be

stored within the first block of memory locations.

9. The method device of claim 7 wherein the bit-alterable, non-

volatile memory includes cells including a thin film chalcogenide alloy material.
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11. The method device of claim9 wherein the chal cogenide alloy material is
sel ected fromthe group consisting of: GaSb, InSb, |InSe, Sb2Te3, GeTe,
Ge2Sh2Te5yol208res23GaSeTe, SnSb2Te4, | nSbGe, Agl nSbTe, ECeRN2&FI02385

GeSb(SeTe), and Te81CGel15Sh2S2. 12. An article conprising a
conput er -r eadabl e medi um havi ng stored thereon instructions that, when
execut ed, cause one or nore processors to: receive data to be stored
in a bit-alterable, non-volatile nenory configured as a plurality of bl ocks
of nmenory |ocations; and cause the data to be stored as at |east one
data fragment thatlOspankheanetbothderrise Helaimehwherinrthe chalergenise alletor y

| ocati ons and a second bl ock of nenory | ocations. 13. The article of

claim 12 fur tiweerid @ompris¢si@eShTet ructi ons that, when executed, cause the one
or nore processors to cause a header having an indication of a nenory

| ocation corresponding to the data fragment to be stored within the first

bl ock of nmenory | ocati ons. 14. The article device of claim 12 wherein

the bit-alterabl e:;nonvigleahihsa FRIR! of dllfil ' dferefiftht ShIBSIMENGIOG Lhin fiTm

chal cogeni de al |l oy fat erl he article ce o aim 14

wherei n the chal cqgeni, d | oy, materi al .conpr.i b The
OTTl el 6 doyi dunra gy e B Sh nsif SERE SR R Tr. stnTews 4T «
selected fromt helgrou consi sting of: GaSb, InSb, |InSe, ShiTes, GCeTe,
CoaSh2Tes. | e Toadnatrke, (aseba R, Todpahte e iABETS (CeanSHlsH Te,
GeSb(SeTe), and Tegi Gei 5Sh2S2. 17. A system conpri sing

GeSb(SeTe), and T631G6153b282.

12.  An article comprising a computer-readable medium having stored
thereon instructions that, when executed, cause one or more processors to:

receive data to be stored in a bit-alterable, non-volatile memory configured
as a plurality of blocks of memory locations; and

cause the data to be stored as at least one data fragment that spans a
boundary between a first block of memory locations and a second block of

memory locations.

13, The article of claim 12 further comprising instructions that, when
executed, cause the one or more processors to cause a header having an indication
of a memory location corresponding to the data fragment to be stored within the

first block of memory locations.

14. The z}rticle device of claim 12 wherein the bit-alterable. non-

volatile memory includes cells including a thin film chalcogenide alloy material.
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an ant enna; a nenory system coupled with the antenna, the nenory
system having an array of nenory |ocations inplenented as
bit-alterable, non-volatile memory configured as a plurality of

bl ocks of menory | ocations and control circuitry coupled with the

array of memQPEE%2? ons to cause a bl ock of data to b HOPG/0p%SS
the array of nenory spanning a boundary between a first block of
menory | ocations and a second bl ock of nenory | ocations. 18.
The system of claim 17 wherein the control circuitry causes a header
havi ng an indication of a nenory 1ocation corresponding to the bl ock
of data to be stored within the first block of nmenory | ocations.
19. The systemof claim 17 wherein the bit-alterable, non-volatile
menory includes cell $5.i ncThedirtide devtidei of claink b4 whatia dgadhildegeatde alioy
mat eri al . 20. The system of claim 19 wherein the chal cogeni de
alloy material cotpial comsprisesSBelBbTe., 21. The system of claim 19
wherein the chal eogenide alloy material is selected fromthe group
consisting of: GaSb, InSb, 1nSe, Sb2Te3, GeTe, Ge2Sb2Tes, | nShTe,"
GaSeTe, SnSb2Te4, InSbGe, AglnSbTe, (GeSn)SbTe, _GeSb(SeTe) and Tea
i Gei sSh282. 16.  The article device of claim 14 wherein the chalcogenide alloy
material is selected from the group consisting of: GaSb, InSb, InSe, SbyTes, GeTe,
Ge,Sb;Tes, InSbTe, GaSeTe, SnuSb;Teq, InSbGe, AginSbTe, (GeSn)SbTe,

GeSb(SeTe), and Teg1GeysShySs.

17. A system comprising:

an antenna;

a memory system coupled with the anterma, the memory system having an
array of memory locatlons 1mplemented as bit-alterable, non-volatlle memory
configured as a plurality of blocks of memory locations and control circuitry
coupled with the array of memory locations to cause a block of data to be stored
in the array of memory spanmng a boundary between a first block of memory

locations and a second block of memory locations.

18.  The system of claim 17 wherein the control circuitry causes a
header having an indication of a memory location corresponding to the block of

data to be stored within the first block of memory locations.
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19, | The system of claim 17 wherein the bit-alterable, non-volﬁtil&_:

~ memory includes cells including a thin film chalcogenide alloy material.

20. The system of claim 19 wherein the chalcogenide alloy material

comprises GeSbTe.

21, The system of claim 19 wherein the chalcogenide alloy material is

selected from the group consisting of: GaSb, InSb, InSe, Sb;Tes, GeTe,
Ge,ShyTes, InSbTe, GaSeTe, SnSbaTes, SbhGe, AgnSbTe, (GeSn)SbTe,

GeSb(SeTe), and Teg1Ge155b252.
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