Bl T- ALTERABLE, NON- VOLATI LE MEMORY MANAGEMENT

TECHNI CAL FI ELD [ 0001] Enbodi nents of the invention
woeb@iged2® use of bit-alterable, non volatile rem@Ng005/002385

devi ces. More specifically, enbodi nents of the

invention relate to nenory managenent techni ques for

use with bit-alterable, non-volatile nenory devices.

BACKGROUND [ 0002] Many current non-volatile nenories,

for exanple, flash nenory require data to be organlzed

in blocks that may store f|Ie fraonents. As a re sult
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unused because of a relatlonshlp bet ween the size of

the file fragnent and the size of the block. [0003] A

fuﬂﬁﬁgﬂigﬁﬁﬁggﬂé2istic of flash menory is that a

conpl ete bl ock of nmenory nust be erased at the sane

t i 18001Dat aEmbodimentswd dhdimyontibnt elatectoase obpigrlierable, manst

be copied to a different block of nmenory. Thus,

er a5lafile amaryddeviceRs Morél gpdcifivally, cheicdiments biuhb imemtiony relate
can be a conplex and tine consum ng operation. BRI EF
DESCRle b Matigehidnt Q@ﬁ%ﬁ@oﬁﬁ%@fdﬁ%ﬁ%ﬁeﬁﬁlet Hﬁm—volaﬁle
i nventi on are |IIustrated by way of exanple, and not

by wa i.mtation, in the figures of the
acé’ber%orx Y]lﬁesdr awi ngs in which |ike

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 result,
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 to 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

Embodiments 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

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



reference nunerals efe to simlar elenents. Figure 1
is a block diagram of one enbodi nent of an el ectronic
weypsi/@Ted3gure 2a is a conceptual illustrati onPOT/CN2005/002385
data volune of a traditional, non-volatile nmenory
havi ng system data stored therein. Figure 2b is a
conceptual illustration of a data volune of a
bit-alterable, non-volatile nmenory having syst em dat a
stored therein. Figure 3 is a flow diagram of one
enbodi miigureda ig e cpReepigl &%wrﬁndﬁtaadarwaume of a traditional,
bit-alterable, non-volatile nenory. Figure 4a is a
comospbletlle mknost hattgmsysti data stactidtthari@l non-vol atil e
menory having nmultiple blocks and storing nultiple
fragnments. Figure 4b is a conceptual illustration of a
bit - al t aligidleb ibarRoNpaial ilRistrERITN Oof ahddvd nguimelof iabiitealterable,
bl ocks and storing multiple fragments. Figure 5a is a
CORRERbHRAC hbhdS RGN R &k afidihasgl non-vol atile
menory having miltiple bl ocks and storing nultiple
fragnments that correspond to a single file having a
size gr
concept S@é ﬂ#lggtrhra ﬁlagﬂh} 0@31)%%?;1%? er ab ﬁﬁlliz?ngasystem data in
non-vol atil e meno havi ng nul ti pl e bl ocks and storing
mulPqtsHET kil%td]ﬁﬂﬁ’toia\{’tl?]g‘tem@%ﬁ espond to a single file
having a size greater than a single block. DETAILED
DESCRI PTI ON [ 0004] In the _foll ow tg descri ption,
numer ou@‘lg\g@éﬁaflp a cgreeptyal ilssation; offadradgiiona 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

-



However, enbodi nents of the invention may be practiced
W t hout these specific details. In other instances,
woRhdkewsn circuits, structures and techni quepchawenzioo23ss
been shown in detail in order not to obscure the
under standi ng of this description. [0005] There
currently exist technol ogi es that provide
bit-alterable, non volatile nenories. These nenories
are non-volatile like current flash nenories, but
unhpKieeen ghowemin ddtais n ondemndt éspbscdithé duderstimdingof this
can be nodified without the need to erase an entire
blaskm@ﬁomennry Thus, bit-alterable, non-volatile
nenDrles are potentlally nore flexible than current
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in support of menory f many
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flash nenory sone system data are stored as floating
datlze nsefl txergsam ¢ntige blvskiof msehory: pEhuss bit-alierable; ren-volatile

Exanpl es of which are the Bad Bl ock Tabl e and Shut down

| nfaemokize 2 Ry &itaity dadra fleripldban paaine dagnadembeies. However,
| ocati ons may change after nultiple updates.

Th %{lféﬁ%ﬁwaltehﬁs bedewsivish mu@m Re fh gt f nﬁsﬁ@rhpbh&tlons,
mho e data volune to search for and identify th
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non-v e nmenory yst em

C oyl of gask?l 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



stored at specific locations and could be edited

directly wthout changing their locations, so there is
wB%RReka80r the file systemsearch. As the  peren2005/002385

wear |l eveling issue is concerned, an address table

coul d be used for those frequently updated system

data. The address table itself nay be stored at

aspecific location and can direct the file systemto

the correspondi ng control data, by which the
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non-vol atile (e.g., flash) nenory, block renoval
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the fi'le system dependency on flash bl ocks. To reclaim
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b ST & o el i B e ina B £ T s iR

may be erased and so the dirty space is reclained. )
Resieperdeagy By flashdlosksh i wshlaim chtﬁ §P@ces it §UITE Ridesigns,
shoul d not span multiple blocks in traditional

nonhe fileagyiskeen meseoves.an] NN blédunesvibe sparesblock. During
bit-alterable, non-volatile nmenory, the erase

opgé@hin@fiodsyvalisiethta halyl RSdbpi@IRbM 4 8atdblbckn@ethe spare block
required to reclaimdirty space and file system nmay

not £ | inn
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one enbodi restriction o ragnent
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COl'rIrluglti%Peallo’]logll(Jsl 1tnI t?elldeltigrlleacnlé?f-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

ewer and/or different components,

electronic systems may include more
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[0010] Figure 1 is a block diagram of one enbodi nment

of an electronic system The electronic system
wohkburawé@sed in Figure 1 is intended to represeqar/Ca2005/002385

range of electronic systens (either wired or wreless)

i ncludi ng, for exanple, desktop conputer systens,

| apt op conputer systens, cellular tel ephones, personal

di gital assistants (PDAs) including cellular-enabled

PDAs, set top boxes. Alternatjve electronic systens, .

ma}[()(}lﬁh ud]éle%qa@p sysioim 109 ishusles Bps Q&Y @ipther confimunication device

conponents.[0011] El ectronic system 100 i ncl udes bus

10%0 comuhizatedofommation tind progesspc £1 G eouptadito big 20 ethat may

i nformati on, and processor 110 coupled to bus 105 that

MayprdveSCiRssmatiber Meile@lectrdhiclsesteme@DioNivstraEs e aldtkle

is illustrated with a single processor, electronic
sy -
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random access nenor t her st or vi.ce
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may re informati on a ingtructions tha b
exé%éi\/g)oorwheﬁ ﬁ%@@gfwl%ﬁg@ (Wl%%?wo 25 BIRYY SadoYawtasiadus 105
to store tenporary variables or other internediate

i nkod mayistme thipinragionread dnstatiarts thaigeayus éxeeged Py processor 110.
processor 110. A portion, or all, of nmenory 120 may
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bit-alterable, non-volatile nenory may include, for

eX gi¥BhRatidBMirRg S¥AMoR PMistiuSsbrYRIFRSydeksar 10 QUM AdHidn, or all, of

Ovonic Unified Menory and OUM are trademarks currently

gi - g?(?i rlg@%&ﬁﬂgﬁ&%gﬁé{t%ﬁgﬁd@g‘?@w %c Tits) 'giecras may

al T(?Ol%i(i St Tltlehgi%-aﬂgl%bfé,eno%s-%ﬂan : nge%so%l irrPaeyCinclude, 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.



herein. [0013] QUM for exanple, is a sem conductor

menory technol ogy based on a reversible structural
wohew@®7ezange. In a thin filmchal cogeni de (frear/CokorFvo23ss

VI of the Periodic Table) alloy nmaterial (e.g.,

GeSbTe) phase changes between an anor phous phase and a

crystalline phase is used as the data storage

mechani sm O her phase change all oys nmay al so be used,

including, but not Iimted to, GaSb, InSh, InSe

Sh20Wd] GeFbalcamenuiszilens mpy syhibit elegtanie threphohdswiiching that may

I nSbGe, Agl nSbTe, (GeSn)SbTe, GeSb(SeTe), and Te8

1GalioBh2l2td 0drd gra®inaed doas genliatleela Ildnmyeltmwlmtlkﬂrbm f resistive or a

el ectronic threshold switching that may allow cells to

be cpri@@tidesmet. A nmRnlcey adll ey Ye bedriata e apbledation of Hcdrent
resistive or a conductive state. A nenory cell may be
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current magni_ t ude. stored in a_cell g gs

by deResingrthe carrrelatémgnat@é? sbaictoreq M‘Eﬂu A2y B§ By

smal | volune of active nedia in each nenory cell acts

as neeaparsmepr efpel wmeddibneer esi st or that can switch

between a high-resistive state and a | owesistive

st 4061511 n gesktiadly silVivoRndoef avene fnediaun eachiumeingryecell acts as a
conpl enentary netal oxide sem conductor (CMOS) process

Wit E)fb% ﬁﬁﬂ%l‘e%’slﬁf)r thay@hSwieh befibeh BRidiieRistild Shte and a low-
menory €l enent
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,
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[0016] Electronic system 100 may al so include read

only nenory (ROM and/or other static storage device
wa2l7mdeaBed to bus 105 that nmay store static PCT/CN2005/002385

informati on and instructions for processor 110. Data

storage device 140 may be coupled to bus 105 to store

informati on and instructions. Data storage device 140

such as a nagnetic disk or optical disc and

corresponding drive may be coupled to electronic . .

sy Stenasiopougega irapkballeen qusior dirggiondieyy trocammugicats diggction

coupl ed via bus 105 to display device 150, such as a

c atiiforraticayariddoenia@id e leotionsitq pragessoy $1 Giindtiogohtrgl cursor

(LCD), to display information to a user. Al phanuneric

I NpabvedRME &editpRy 1650.Cl udi ng al phanuneric and ot her

keys, may be coupled to bus 105 to conmuni cate

i nmlerﬁjﬂ i OElee{ﬂgnisemaﬁcioé elaft hﬁpﬁnél@d&{e@wsﬁaferfﬂa&gs) 180 to

An type of user 1 nput devicé iIs cursor contro

170, such as mouse, ;a trackbal or [ I '
coptoU e a SRl PaPdork; peh 2F Rl grf hetfoEs NV B e 150
sel ections to processor, 110 and o cantrol, cursor )
moaYeRelude fa @ﬁﬂgﬁe,f%.re]l?se eeByorEimieriacs haying pofeans 18y which
further may include network interface(s) 180 to )

pr evdydepizsad o8¢ pomarawtesale). Naororkdnterfacstall 88 meay also include,
network. Network interface(s) 180 may include, for

ex dsjdxampe, wiwieddagsworktimerkcd ttceninangcdiawithgeraoteeienaes via
185, which may represent one or nore antenna(e).

NetuRIdik caB18 N BACKLIE) nib§ DeRY eRdnfle, AT HERet daBle, a coaxial cable, a
exanple, a wired network 1 nterface to conmunicate with

B T R
[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-



fiber optic cable, a serial cable, or a parallel

cable. [0019] In one enbodi nent, network interface(s)
waamn7rmags2pr ovi de access to a | ocal area net wor RCTAODNR2005/002385

exanpl e, by conformng to | EEE 802. 1llb and/or |EEE

802.1 I g standards, and/or the w rel ess network

interface may provide access to a personal area

network, for exanple, by conformng to Bluet ooth

standards. Oher wireless network interfaces and

pr dogRagLS. c%wemogbp@@cgwﬁ%%seﬂbed[le §9T°1ﬁ@EEn8’éﬂlelB1P6t00th

corresponds to IEEE Std. 802.1 Ib- 1999 entitled

" LSystemafdrel/Bersipoll i1t apublisled Habtuany X35 20Paby thelBluetooth Special

Wrel ess LAN Medi um Access Control (MAC) and Physica

L ayerebtbiolp Jaecidsscdite@aswelthgherotp eesibbbyshradrsions of the
Layer Extension in the 2.4 GHz Band," approved

Se@tlggm% st%ﬁdar@l%?% 5?1§o g\;eéd Jel at ed docunents. |EEE
119 correspon S EEE Std. 802.1 | g-2003

Tt S ﬁ?“%@‘g%sé"f%é@%row Ko

PhyS| al i.ficatiaq ndrrent 4 ,
FuPEh Hngﬁwk%éfftg) @% %elr%g.rw BrRvigh Ritsless egpmigiggtions using,
approved June 27, 2003 as well as rel at eddocunents.

Bl Gietexemplepf s Bovigioar Mulfipde Artsssl(TIAMAgreetopole.{elobal Syptem
the Bluetooth System Core, Version 1.1," published
Febordblile2Comzidicabipnd (GSNB) pretaolshCofeDivasioh,Weltipht Access
G oup, Inc. Associated as well|l as previous or

subep ro¥R6E AT o0dnyldieer Bipeaireaidless tc@ﬁﬂﬁfn‘i’caﬂﬁﬂs PofRol.
be support ed. [6021 In addition to, or instead of,

¢ g?@%ﬁlc at F@ﬂ![%%g i qukgéﬁ%}l'lmt&{l 074 45 B c%fka traditional,

ce(’s e wreless comuni ca

S ingg-’volatlle 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



for exanple, Tinme Division, Miltiple Access (TDVA)

protocols, d obal System for Mbile Comruni cations
wOaBNjo7eret ocol s, Code Division, Miltiple AcceBeT/BRMA)002385

protocol s, and/or any other type of wreless

comuni cations protocol. [0022] Figure 2a is a

conceptual illustration of a data volune of a
traditional, non-volatile nenory havi ng system dat a
stored thereln In traditional, non volatile nenories

( e bgtter WSP%@WGHEW%?)"O%@@é?riffa‘gﬁlan@%n tHememered i n
any | ocation of data volune 210. In order to |locate
sydtdmplbgica. 230, an el ectronic systemw th which the
menory is used may be required to scan data volunme 210

t o [Dext e B\wsdae vdbh@isZdncérdF@cthe bitgilebl) nbs-valatile memory

conceptual illustration of a data volune of a
bi tgd RreafliR e RlstdiB sJRR dtal DY) RAARY Bhanged.
stor e@gﬁlﬁg}r elceﬁ ub|t al trersggg le, r?on \fge%[atlﬁ mamayy e

incl u e dat VOl
iy oBEEHOSHEREE o Rt 57 e Bta SR TR pilclccted
be the same as for the tr ) ry exc
hﬁ?c@ygt Brrayse thexgpedied sepdcs {1 f' tdﬁ@o(%ﬁ} i§ %@ %@t@éﬁ&j
| ocati on. Therefore, a scan of data vol une 250 may not
be traéqmnaleﬂastlmlm@tatr@o\@;@nb@ﬁ watem dee0260miay bﬁﬂglﬂ@ﬁ@%ﬁ@m for
in a shorter initialization tine and therefore abetter

usevmexpglidatione as conpared to traditional
non-vol atile menory technol ogies. [0024] If wear

| e‘{@‘)i’.ﬂg | Pighre 91§ & fowl RigrhM@iht eabb&inRt for utilizing system
non-volatile nmenory the nenory |ocations used to store

SYsh&th qaotl@al?e§901&%n%lﬂﬁé {n%gfo‘f‘ﬁl A%&H&@qg&uon 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



In one enbodi nent, a pointer to systemdata 260 may be

stored in a pre-selected | ocation. Because the
wexpearedsservice life of OQUMis nmuch greater PORTN2005/002385

traditional flash nmenory novenent of system data 260

may be unnecessary for sone applications. [0025]

Figure 3 is a flow diagram of one enbodi nent for

utilizing systemdata in a bit-alterable, non-volatile

menory. A nenory |ocation for the systemdata ma %e

detiEagmenedR 7. Fresment 4or anushbo Nk in Sige @agﬁqr@@w@iq 420 so

may be stored beginning at a fixed nenory | ocation.

Al tagtonadtiovetlyy thethousdesy betvaan semayy block #30 eud atenmny block 430.

of fset fromthe base nenory | ocation that as indicated

by [8028] or eSintitdriy, Yah ¥elubR. 4.0,of @it teddits@ial uah-welatitean@dory may
in a register or nenory |location). [0026] The system

dat,f TR ufEh gt 3, \Agﬁcli’ﬁﬁ(‘,’l‘;ljl&e% alihdib AR of3ROmetions loic§t%]oen for

the system data may be used I n any manner known in t
art, The t.em dat | oaded, .if | I
Sadtaedl BT TR TR Be a0 ARE i pie 4B ook 430 5o
systemdata, if necessary, 340. [0027]. Figure 4a is a
coré épRetaverian ths houp g befivean mieaary Plokkr o aad o avbsequeat
menory having multiple blocks and storing multiple

f r agreery dlodbepet Mostiates infigwt 4eh elhus aalivilizstigh of data volume
non-vol atile nenory may include any nunber of headers

I nelll 0agraydheliaaffietend Birausshdacdhmaynbé patady fngmenied avhioh nafy
the nenory | ocation forfragment 427. Fragnent 427 nust

be r&?f[ﬁﬂe'rﬁinaiggméﬁtz(ﬁ“ A he BRAPEY WO B dccddGo TRanFSndrRorfWlocks to
over[ap the boundary between nenory bl ock 420 and

MenRLas Rt M0
[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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[0028] Simlarly, data volune 410 of the traditiona

non-vol atile nenory may al so i ncl ude header 435, which
wonel7wder3 an i ndi cati on of the nmenory | ocati onPEDICN2005/002385

fragment 437. Fragnment 437 nust be smaller in size

than nmenory bl ock 430 so as to not overlap the

boundary between nenory bl ock 430 and a subsequent

menory bl ock (not illustrated in Figure 4a). Thus, a

utilization of data volume 410 may be inefficient

bed®3dE daThe daty stoeedgn Emempnt 46 pidigEa 4b Ay theyjame data as

requi re managenment of many headers as well as access
t o steetyinrfergmentdA closl 436 ofiigessda Béaagieedats ey bp 6028 in
Figure 4b is a conceptual illustration of a

bi tfevadrifiigaiting foR @Nthe GltailtetadldYROMK ylati Rvih &g orystcopipared to the
bl ocks and storing nultiple fragnents. In one

E{')i@xlggi.ﬁ%ﬁ nontNatik el dr§ BRECheaBQE MOl Rhikd AR AR b2 i HBK

Ize the sane Interface as a traditiona

non-vol atile nmenory. . That [

or it EibasfioBy Beied PR e fiE PRY, tepEF bRty A8kssRbmay

i ndi cation of.the rren?r,y Jlocation O{Ea correspondi ng

datos UG etRICh IRRY IO i TBREC VAR DU HERIC REHARRANE 5

may be stored starting at a first nmenory |ocation in
dat{@032d| unBigaso 5a idenctmceptad ilesyratipe pfietraditipndl moarvolasile

ot her indication, of a nenory |ocation corresponding

t 0 niena@ihating aiyltipleiktdrksayd spaig muliipde Ragoents dray corfésaond to
Is, fragment 467 may be stored in nenory |ocations

th gggsgfg@é HRIRONME 4 zdbeskK: théRa amglebch@a&s BAR frof} Heihgle file, or a
rs and data fragnents nay be .

single application-level block of data may be split 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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simlarly stored in data volunme 450.[0031] The data
stored in fragnent 467 of Figure 4b may be the sane
wdav@/aes2st ored in fragnents 427 and 437 of Fi gaT&NAe05/002385

Because data may be stored in fewer fragnents for in
the bit-alterable, non-volatile nmenory as conpared to
the traditional non-volatile nenory, fewer headers are
required and the available menory | ocations are used
nore efficiently fewer nmenory accesses nmay

r eqthilegaquitipg eﬁlymngl%b%ﬁd@r \r-i 1050 oBeshte evta maYstg?sSEqs?é in
perfornance [0032] Figure Sa is a conceptua
i | Ifersenfetgimpmtsofior & the biialiembid, nowmolatileanémeryraseompared to the
having nultiple blocks and storing nultiple fragnents
t hatadtiehalesmondatile neensdrndk®ef hdaderld aw iRguitedsandiahg bedlable
than a single block. Data froma single file, or a

Si %n@or?%’dah%ﬁst ér@%sédﬂfﬁ%}e dfigekipf data may be split
into tiple ragnen s (e.g., B17, 527, 537, 547)

Wi t rre din « 2 3D 545)
é@ﬁi thlzg% eina? ﬂ]a%g%?em ca%s atoan%| s Ogr?rlg%l}t an any

of t he j ndiyi dual ¢! .g., 510, 520, :

54 GFoodingeR amF’?%?g}h%tﬁ"tp ¢ rcfsfrtP@sﬁai%&frﬁgorw@sr&eﬁeﬂﬁw?esmbed

completely fill a nenory bl ock. Thus, data may be

f r aypemeeidoraith dheesmbotimantde inchded inet lemst @me@qux@@m%f the

of the traditional non-volatile nenory. Thus,

t r aolrentiomaThaappeamhedsi dfehapinage ‘G omagmbaittimedn’}dm various places

inefficiencies. [0033] Figure 5b is a conceptua

|1 i el spbdiABath afe Hbttneaéstsaﬁ@kall%feﬁﬁ{gtmhaédrﬁeeemym
haV|ng nmul ti pl e bl ocks and storlng mul tiple fragnents

Db SRR By Sl SR oSz e o

single b STor e ragmen

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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575 of data volune 550 in Figure 5b may be the sane

data as stored in fragnents 517, 527, 537 and 547 of
wdabt@/wed2sme 500 in Figure 5a. Because a data Pcagmeots/002385

may cross bl ock boundaries, the single fragnment 575

may store the data in |ogically adjacent nenory

| ocations in nmultiple blocks (e.g., 560, 570, 580,

590)while requiring only a single header (e.g., 565).

Because data may be stored in fewer fragnents for in

t hELIAIMS| terabl e, non-vol atile nenory as conpared to

the traditional non-volatile nenory, fewer headers are

required and the avail able nenory | ocations are used

nor e ef Widtentlhynedi034] Reference in the

specification to "one enbodi nent” or "an enbodi nent"”

nmeans that a particular feature, structure, or

char act ari st iAméaney ddveet dompmipection with the

enbodi nent is included in at |east one enbodi ment of

the i nvgRLLAY of HAR APRRAIGRGEPlA entdd0asHAL ARLIbId, MoRRBlatile
enbodi nent" 1n various places in the specification are

not ' f ' 0 [.aent .

o RPRALE oL N AR TR NPT

of several enbodjnents, those skilled in the art will

r ecogni f@nttr‘ﬁaﬁ‘rc’t“ﬁré( GOHRIEA 1Y fg’rfﬁ? @%?FWFWP’EYJQC?@“F fiecause a
enbodi ments descri bed, but can be practiced with

o dldck eidpiario Anatosgd: inithe ey Qfimemerytshannipg # bpungdasy between a
scope of the appended clains. The description is thus

t o fivet hl@garfaesnay lodatiosd amatd seeondblbeladf mEmory locations.
limting. CLAIMS What is clainmed is: 1. A nmenory device
conpri si ng:

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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an array of nenory |ocations inplenented as
bit-alterable, non-volatile nenory configured as a
wohkorareédzy of bl ocks of menory | ocations; and eomtaNab05/002385
circuitry coupled with the array of nmenory | ocations
to cause a block of data to be stored in the array of
menory spanni ng a boundary between a first bl ock of
nmenory Iocations and a second bl ock of nenory
| ocati ons. ce o wher ei n_t he
ot T 16T PaSal Ut ItedaSrOnAGIRGY i (CRIDSEE For
of a nenory | ocation corresponding to the bl ock of
datGeSbSdle),sndled GeidShih. t he first bl ock of nenory
| ocations. 3. The nenory device of claim1l wherein the
bit-alterable, non volatile nmenory includes cells
including a thin film chal cogenide alloy material. 4.

The memgyry d el‘ﬂe?ﬁerﬁcﬁry‘ife@ﬂc%?cl‘ﬁﬁﬁ i & HRrdiA neChlBEIC QORI Einprises
alloy material conprises Te. 5. The nenory device

gfelsg%c?r'ggf ?art&]ﬁ%ruﬁé t he ht%l'ﬁlilﬁ@%ﬂ%&%ﬂ%nd%%%&kﬁ] é%h tﬁesblock
@%éq*ggszltgwéagé;? ?fi%éées %Eaeem%ééé&w@; al

and Te81Ge15Sh2S2. 6 The menory device of claim1l
whéniéilization sequsokesof dat a conprises systemdata to be
used during systeminitialization and further wherein
the block of data is stored in a pre-selected |ocation
within the menory array for all initialization
sequences. 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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7. A nethod conprising: receiving data to be stored in
a bit-alterable, non-volatile nenory configured as a
wohow7avédzy of bl ocks of nmenory |ocations; and eaugiNags/002385
the data to be stored as at | east one data fragnent
that spans a boundary between a first block of nenory
| ocati ons and a second bl ock of nenory | ocations. 8.
The nethod of claim 7 further conprising causing a
header having_an indication of a nenory_ | ocation,
cor r espdfdi ngmeénqth%d dryiss Fickaimehwhersinghe ghaleaggnige@Hpy
the first block of nenory |ocations. 9. The net hod
demateriacompesanGeSker ei n the bit-alterable, non
volatile menory includes cells including a thin film
chal cogeni de all oy material.10. The nethod device of
claim9 wherein the chal cogenide alloy materi al

conpri sqy Ge§Blenetidd dﬁ&aﬁm&% ek eché’Ehaﬁéc?g'eHid%guoy

wher ei n the chal cogeni oy material 1s selecte

fromthe.grou nsisting of:.GaSh b n

o ST SRR IES 0% RegsiliRE &t QARD GG fbiTes GeTe
InSbGe, AglnShTe, (GeSn)ShTe, GeSh(SeTe a

| G150 IRIE, G455 e e o Qg BEbTE (Ged BT,
conput er - r eadabl e nedi um havi ng stored thereon

i néiaSbtSalonsind Azt GentdbrSrexecut ed, cause one or nore
processors to: receive data to be stored in a
bit-alterable, non-volatile nmenory configured

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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as a plurality of blocks of nenory |ocations; and
cause the data to be stored as at | east one data
wonegee23t hat spans a boundary between a firspCbicorRbns/002385
of menory | ocations and a second bl ock of nenory
| ocations. 13. The article of claim12 further
conprising instructions that, when executed, cause the
one or nore processors to cause a header having an
i ndication of a nenory |ocation corresponding to the
data fragment to be stored within the first bl ock of
menory |ocations. 14. The article device of claim12
wher ei n 16he [ihe-adidedabtecf dam Aowhereinghereldeqgenide alloy
includes cells including a thin filmchal cogenide

al Inwemb@hpﬁgesx&,sﬁiae article device of claim 14
wherei n the chal cogenide alloy material conprises

GeSbTe. 16. The article device of claim 14 wherein the
chalcogenide alloy material is selected fromthe group

t | NnSb, .~ LnS 5 .
cooshodl | s TR elReor Ryl Rl Ssnideatioy
GeS SbT GeSh( SeT d Te8 1 2 7
o ORI S5O LR GORPERE T D N e, SbiTes, GeTe,
initialization of an electronic sy sten1bgrretr|eV|n

datGe:$b.ds, dnfhrke, Sabete, SaSboksas in8hGe.rAgnbbTal(Geba)bée,
non-vol atile nmenory w thout scanning nultiple nenory

| o GSb(BT ey, antl egiGe, SheS,Syst em dat a.

17. A method comprising accessing system data during initialization of
an electronic system by retrieving data from a pre-selected location in a bit-
alterable, non-volatile memory without scanning multiple memory locations to

locate the system data.

18. The method device of claim 17 wherein the bit-alterable, non-

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

19.  The method device of claim 18 wherein the chalcogenide alloy

material comprises GeSbTe.

20.  The method device of claim 18 wherein the chalcogenide alloy

material is selected from the group consisting of: GaSb, InSb, InSe, SbaTes, GeTe,
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18. The nethod device of claim 17 wherein the
bit-alterable, non volatile nenory includes cells
wonei7wdéazg a thin fil mchal cogenide all oy mat ePCRICN2003/002385
The net hod device of claim 18 wherein the chal cogeni de
alloy material conprises GeSbTe. 20. The nethod device
of claim 18 wherein the chal cogenide alloy nmaterial is
sel ected fromthe group consisting of: GaSb I nSb.
InSe, Sh Te GeTe, Ge2Sb2Te5, 1nShTe
snsi2fendes. In¥pte Gaﬁ@T%§é1$sze(4d@§h§?s%@nSb£@5&?s§rrl§PTe
and Te8 1Gel5Sb2S2. 21. An article conprising a
c orf$beeTiegad Aleg Gerdhbu®n. havi ng st ored t hereon
instructions that, when executed, cause one or nore
processors to access systemdata during initialization
of an electronic systemby retrieving data froma

pre-sel egqt ed A@%Ele%ni;ﬂlsﬁlgkﬂ éonﬁ%tﬁ&fr@'maﬁle RN HadriglsBored

mam)ry wi t hout scannl ng nu mam)ry | ocations to

st e a I v

gﬁ?{?ﬁ Tg%%}ogf [I;']Ha eﬁll etxecqt% ér a %e 8 r?g %1%\?/ O‘n%?eﬁggrs to access
menory i des .cel|.s i ncludinpg a t hi n ..
chaﬁv%@éﬁr Tie igial FAIOR;O4feD ehrgironi &Y Siem .lbbﬂf%mawgééfacﬁom a
claim 22 wherein the chal cogenide alloy nmateri al
cormpe-peledfeddoshiiun in2dbit-gltesable triontelatdy memony Withawtracaming
wherei n the chal cogenide alloy material is selected
f r anultiple ngermeny loautiohstol locatothe sgatsin, datnSb, | nSe,
Sh2Te3, CGeTe, Ge2Sb2Te5, InSbTe, GaSeTe, SnSb2Te4,
I nSbGe, Agl nSbTe, (GeSn) SbTe,

22. The article device of claim 21 wherein the bit-alterable, non-

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

23.  The article device of claim 22 wherein the chalcogenide alloy

material comprises GeSbTe.

24.  The article device of claim 22 wherein the chalcogenide alloy
material is selected from the group consisting of: GaSb, InSb, InSe, SbyTes, GeTe,
Ge,Sh,Tes, InSbTe, GaSeTe, SnSb,Tes, InSbGe, AgInSbTe, (GeSn)SbTe,

GeSb(SeTe), and T631G€153bzsz.

25. A system comprising:

an antenna;
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GeSb(SeTe), and Te81Gel5Sbh2S2. 25. A system

conprising: an antenna;a nenory system coupled with
woOheo7ané@ana, the nenory system havi ng an arr apCofcN2005/002385

menory | ocations inplenmented as bit-alterable,

non-vol atile nmenory configured as a plurality of

bl ocks of nenory | ocations and control circuitry

coupled with the array of nmenory | ocations to cause a

bl ock of data to be stored .in the array of menor X

spanni ng TBeBeRYYaie doapisdarithathe ppiepna, ﬁla?cm@elaprw%ﬁyhavmg an

| ocati ons and a second bl ock of nenory | ocations. 26.

Thersy sf erenoiy bicationsAmphineanéddrastbiiteal teoatile, sloneviotatilé meyory

causes a header having an indication of a nmenory

| oGahfigited 8% & pRPARILABIOLRs éftBeribdKcaions atdcdrirobeircuitry

stored within the first block of nenory |ocations. 27.

Th %oﬁ%l?g o Qhe & 67 hem B&{tfé)n% Fbgca%é lé. BlocR0RBAR to be stored

non-v e nenory Inc es ce including a thin

fil.m,chal cogenide alloy maferial .. 28 Th f
ol af BoTagig Pty Ree g ThgaRyetysen it ERHEP! femory
conprises GeShTe. 29. The system of claim 27 wherein
t hggzqﬁlanw&ewea@n%ﬁ o8l OhBEwPRRloCiionse| ect ed from the
group consisting of: GaSb, InSh, I1nSe, Sb2Te3, GeTe,
Ge2Sh2Te5, 1 nSbTe, GaSeTe, SnSb2Te4, |nSbGe, AglnSbTe,
(GeSn) SbTe, GeSb(SeTe), and Te8 1Gel5Sh2S2.

26.  The system of claim 25 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.

27.  The system of claim 25 wherein the bit-alterable, non-volatile

memory includes cells including a thin film chalcogenide alloy material.

28.  The system of claim 27 wherein the chalcogenide alloy material

comprises GeSbTe.

29.  The system of claim 27 wherein the chalcogenide alloy material is
selected from the group consisting of: GaSb, InSb, InSe, Sb,;Tes;, GeTe,
Ge,SbyTes, InSbTe, GaSeTe, SnSb,Tey, InSbGe, AgIinSbTe, (GeSn)SbTe,

GeSb(SeTe), and TeglGelssbgsz.
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