METHOD FOR | NI TI ALI ZI NG A DATA STORAGE DEVICE 5 February 2004 4 5 BACKGROUND
OF THE I NVENTION Field of the Invention The present invention pertains to
data storage devices where data is stored in a material that is reversibly
convertible between detectable states in response to the input of energy.

More particularly, the pieaghlok AMeMLARCRI Al Horher BEPREN O8I F{tALary 2004
initializing a data 10 storage devi ce having a phase change data storage

mediumthat is convertible between. detectable states. Description of the
Background Art Witable data storage or nenory devi ces have been fundanent al
in furthering the 15 technology driven information age_ Included in witable
dat a st or age BA€KGRAUNDOR THE INWENTIQNI vy conmerci al i zed and wi del y

di stributed phase change data storage nedium An enornous consuner denand for
witabl € and rewitabl e menory storage devices presently exists. Mss

producti on OfsaYd sittBP LS effigh rew i tabl e nenory storage devices in the form of
phase change information data storage devices is currently underway to neet
this 20 consumer Heenpressnt mygntion apfAins toglsta Herege devissp vhearealatt isstaged Betice i s

- the phase ¢ hfﬁgtgﬂ?l Lﬁagtd &@érsiﬂ? %)értﬂk%étwe@ﬂ @et%l&ﬁ&tﬁ?iﬂtr%sgaﬁse PR R, ug io? k may

have a variety o yers to effect ata storage, including a protective
| ayer, a ref émedyi WMork aymticylarhnthe ppesent divelitootpeitand tayangthad fphiaisielizingvadagee medi um

a lower,dielectrig.l. i The.l aye £ .t gpt i cal
menory 1(9i sk ﬁé?g%ﬁggg%ggﬁngfﬁnghﬁ? gﬁ%g%gé{pg%’%%gﬁerdla I Bhﬁg%acég‘\’/\ee qlf.’ B%E'e%ne phase
change opti cadtecthibbdstiates. a device with nmultiple detectable states that allow

for .the storage of data. For exanple, a phase change optical data storage
device may have a chal cogenide nenory material used as the active nenory

| ayer. The chalspaenbiite Batipidund®iteri al may have an anorphous state, a
crystalline state_and varying internediate states.., Wen the phase change
material is deposyiihlesatatomegior memanavicrs %Veii’ge“ffﬁ?q?‘@(ﬂmf‘hmm%mei ally 30

anor phags stedolof AritdndiftbAbdtibi afd. Qhcledba iR GitbledaiaGlorle detiBes S MEndly are
different in_first crystallizatigon fromall subsequent crystallizations.

Theref ore, tHgbysammereiglizediandayigely distriputediphasg,changredats Storagsdnedi@k i s ready for
use. This first ciygbatdus ZsHshBE demadddbOiAiatle 4/ réSrithflé fnbRbly 2Rk R MeviceNUS,

preparation of a newy manufactured phase change data storage device requires
t hat t he presently exists. Mass production of writable and rewrifable memory storage devices in the
form of phase change information data storage devices is currently underway to meet this
20 consumer demand. For example, one well-known data storage device is the phase change
optical memory disk. The typical optical memory disk may have a variety of layers to effect
data storage, including a protective layer, a reflective layer, an upper dielectric layer, a phase
change medium, a lower dielectric layer, and a disk substrate. The layers of the optical
memory disk may also be formed in other configurations as well. -
25 The phase change optical disk is a device with multiple detectable states that allow for
the storage of data, For example, a phase change optical data storage device may have a
chalcogenide memory material used as the active memory layer. The chalcogenide memory
material may have an amorphous state, a crystalline state and varying intermediate states.
‘When the phase change material is deposited on a disk, the material is formed in an essentially
) 30 amorphous state. The crystallization characteristics of the material are different in first
crystallization from all subsequent crystallizations. Therefore, the disk must be crystallized
once before the disk is ready for use. This first crystallization is referred to as initialization.

Thus, preparation of a newly manufactured phase change data storage device requires that the



5 February 2004 device be initialized into a crystalline state so that data -
can be reliably witten and erased. Present day disk initialization is
typically carried out by directing a continuous | aser beam al ong a track of
an optical disk as the disk rotates. The | aser energy is utilized to change
t he recordi ng nmedi um from an anor phous state to a crystalli negsiat 8eosAn
exanple of this 5 process has been described in U S. Patent No. 5,768, 221

whi ch i ssued.l; ldg@igﬁ- i it N | i : Lnistializing
an optical Ehgglger I ngQﬁn‘ﬂi‘c‘;ﬁ|Inad?né %?E%]gﬁﬁt?%kg&ggﬂd? ggk&ﬁggr%aggye;@g%%&’lﬂjﬁ%d‘r pm and
directing a | asePresgudunupigrinitiakiaaté is gaproaiiyotarmdd dubby dizenting b ngntinoeaki laser  The

| aser beam then_jnoves from the i.nner, nbst to the. outernost circunference
sections of bfﬁléala?gsﬂ(tfa%ﬁgﬁne g?a]e‘,&wqﬁﬁfe giﬁ%tftﬁ%dﬁ’géars%ﬂ"?rﬁyfsﬁi"ﬁ?eglt? ohangt he di &k,
the nethod itse reddding metinmetom st amophshsdasstotrybiaite itheelfn &emphideiient mass
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di scl oses a process for initializing a phase change recordfng I um usi ng
flash |ight a&pisessd oh 1000 @l andslirectinge lase besimbvpostar seeadit portiorsofithe Fecotdinga zer o
level 15 imediat | ' h eaches the necessity
of exposing t Hlellﬁld?ls]{la%tbgém g@r‘ié@““% g@ﬁhegirgﬂeg;%bgf {ese%f%gﬁ%nr]gsg c%?“n# rﬁ‘ﬁcei ntensity
| i ght for Osdetivns dOherdisk Therbforep as dwimktlald segallyasitialézes Theadisiavief methodlgscr i bed
in thesyama n l.al 8 | d conmpletely crystallize the phase
change1? eco?%?tﬁglg%hﬁaﬁl%geﬁstnﬁ{{%ﬁ%gssc!f%%%gm%nnénr%g@prgglb%gﬁre. Yet, as the patent
adm ts, probl ensOhguatgmptinhde st initiatizihgtha btiee opticalniiskiwithey siidle Glefegesgsurnd t he
tendency to 23} cajse. \é@w gdtﬁ%iﬁt?r%ﬁk [ H“#‘hg‘ﬁﬂi s{gﬁggfﬁl ch plg?ggl ens the
patent does HEFESHTLS r% 2160 Noyp-8 » BHCT UERE gt AP AR PN nay
provi de a naj (997C U6 ¥ atkdagaiténs dBEIo aiproceds FSinid ﬂ%‘@@hﬁ&&ﬁ%&gﬁoﬁﬁgefi ragl e.
o] isclosed in

To conpensate for t hg sg/ﬁglg cr eat e%ﬁﬁ% the injtialization net

the Yamada PetimusingSeshligttemtsion whigh froms the prsyiopsitreast mspptly i teacst I6eel or
strai gty eni Rkt Mredrehsallibiies ahe ndihdl teadidd iHeinBRAdityYof kbl RRldiskls €SS can
cause cracking and 25 / or_delam nation of various |ayers within the optical

di sk. As sutKinelsdeshousingle disphesgs ofibighiintensity ight &5 0.1t ASimassevdibyiolcpsid®! are not

desirabl e f @pobids 9erhs Gl o BbRAISdah tHRWRAL Patent ESs toPhES B colidyerdpt hods for
initializing phase change nmenory devices result in a reduction oOf production

cycl e tine éndallissdhenhseerhrngs arcatding medim with the siggls emmpy erpegure0ve. RY OF
THE | NVENTI @Ent admits, problems invariably arise in alleviating internal stresses and the tendency to

14

20 cause warp and distortion in the disk, which problems the patent does not solve. Warp and
distortion in the recording medium may provide a major cause of malfunction in disks and are
therefore undesirable. To compensate for the warp created by the initialization method
disclosed in the Yamada patent, said method requires a further step of unwarping or
straightening an otherwise unusable disk. Additionally, internal stress can cause cracking and

25 / or delamination of various layers within the optical disk. As such, methods of flash
initialization, as presently known, are not desirable for large-scale commercial purposes.

Thus, present day methods for initializing phase change memory devices result in a

reduction of production cycle time and increased manufacturing costs.



To address the above nentioned problens and others, the present invention
provides a nethod for initializing a phase change information storage device
including the steps of 5 providing a data storage device having a phase
change data storage medi um exposing substantially all the phase change data
storage mediumwi th a first, energy exposure for about 1 p.§egaak b@ss. The
first exposure is then followed by at | east one additional energy exposure

to conplete initialization ignaaRe OF TeE BO/ENTIONT® W th reduced device
damage and warp. The initialization process may be acconplished by variations
upon the present nethod, 10 as will becone evident fromthe ensuing

di scl osure, all _of i C re desir BhRERCHhEFresddYintdpBokprolined

i f'vention, but iTﬁaé#]?SSéQfe v 1orr1e§ ﬁ%b?cggggpgsi ng tﬁre_data stoﬂ; age nediumto
afirst or ”3‘5’ b d: i atidiZab ia Ghase RRingy infmetig erapt devigeiindhidingribesiens gf i s
preferably delivered to the data storage nediu r gﬁ}mgr ] wavef or m
over aspr edeteding palita SAESHLEACCDNRS St%ﬁ%ﬁh%eec%trgzsf&%%nrgent S%P%Eg e for
initializin ?n@%@%ﬁl MiccRantk ks toRUeRIdRWAR @ firsSendigexpésurefomibonim
preferably slg‘rjlsg udes glﬁéj]?lméti al” pul se or burst of energ%/i ql}avi%% a riese in
intensity, Busesexiesuihe fitseoppsueis terfollowrddyiahisast Ang 40AENEY ESP &P  per i od or
duration of | psec.ar .Jess.. T A8 fh8dedldevied deaiagle i@eddy.al cont ent
act to pre-TPﬁPFPlﬁiei“EEalFﬂ%ond%?gj%gtﬁggg(gé m_ad‘ivﬁt?n The initj a?e pul s&ﬂ&f ener gy
is then foll Omecthbyﬁtﬁn&ﬁeﬁpmmsma(bdhmoumhﬂhe@b@p@@%#@%%ﬂ“ﬂ&?éﬁs@??e ch |
conplete the initializatiqon process Wt egbcat: WAL sahd @exipffRect@mage. 20
The metdhod #SWMPWW&Wﬂt%@”&BW%Wa%@?%éQFn accor dance herlgvx,i_th i's

especi al |y £ Uhimedl Sfventidint bud b abi egnphilsequitcarpsing the datd sterpapkeediim©h as
CD-RW PD, DVD-RAM DVD-RW . DVD+RW nulti-|evel .opfical. ficksioms ti-1ayer
optical di s@ﬁq@rwﬂﬂ%o%ﬁnw-anﬂ?'mé“%n 1 oeﬁ%llgplte&%%_er stan |Dng of the
present invgnt a0, . hefish 8NEsedterieewhvfiriovef opredaérmined ma it d peeercr i pt i on

and acconpanyl ng draw ngs. 25 i BR.EF DESCRI PTI.ON Eig. 1is a
f1 ow di agr sandopectralrentescsuitahie fopinftiakng 4 HE YN dfﬂ?eoygﬁe?%ds% o%a'glgﬁ d&iice in

accor dance wi b 1ne.DLes SiudbyWaatidl @alse orthrAGf Bieggy Haviog aaisperiBpsty.idve vi ew of
a systemfor initi al | zihg an information stora e({re%i urm ; in a?cgrﬂ%nce wth
t he pr esent minhmeninteosity, apd3 deelise ifiptgnspg oyer @ period or duration oL IHSEC Or7ess.

waveform, energy level and spectral content act to pre-initialize the data storage medium. The
initial pulse of energy is then followed by one or more additional exposures of energy, which

complete the initialization process with reduced warp and device damage.

20 The method for initializing a memory device in accordance herewith is especially useful
for initializing phase change optical disks, such as CD-RW, PD, DVD-RAM, DVD-RW,
DVD+RW, multi-level optical disks, multi-layer optical disks, as well as others.

For a more complete understanding of the present invention, reference is made to the
following detailed description and accompanying drawings.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram of a method for initializing an information storage device in

accordance with the present invention; and
30 Fig. 2 is a perspective view of a system for initializing an information storage medium

in accordance with the present invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 4 Wil e the present -
i nvention disclosed herein is described with respect to optical disk 5 type
systens, the present invention is not limted to such systens, rather, it

al so finds application in any systemthat nust be initialized and where
energy is applied to change the state of the material in a 9%&9&95@46 )
manner. For exanple, the initialization nethod of the present 1nvention my
be utilized for all types of nenory systenms that require energy to render
detectabl e states, such_a i.cal [ |, S| L £i-] r. di sks,
multi-Ievel recor awgﬁféﬁmmg@w%sﬁ%ﬁ etc. Now
wth nore particularity, and with reference to Fig. 1, therein is generally
depicted at 10 a flow diagramof a nethod for initializing a phase change
dat a storage deviValeithe preseaionraieredisglased henen jsdessabrd withsespertdn opticshdisk net hod
for initialigin C: : r i ' st eps.of
provi di %g 12@(}; %’zi{e gls’gfh?) g%sgmdlgg%hgignﬁgb?tn%ﬁ{aegp g‘ﬁ%“dg’ﬁ{a&ﬁ‘g’eﬁ%}ﬂg?‘g" tsﬁpgsr age

medi um and espplixatiogintahpe systeasthatomanigeinitialized sidowlmgeenemyiisiapplied fo changedlieal i ty of
energy exposures.. ln a.preferre spect hereof fhe step of exposi wWith a
plurality of @&t m@?‘@d@ﬁpggmgﬂg Bs B&Wﬁg%fﬁu?'ﬁ@t@&t“é?%ﬁdcﬂl} e nedi um
to ahfi (r]I st %@Eﬂh@hﬁ@gﬁ%uﬁﬁlﬂeﬁbrﬂw d;mmhﬁ-y@ﬁausltltﬂtrmhee%drgﬁsf@a& exposi ng
16 the data storgge nediumto, g secong enerqgy. F ow, ng the first exposure
of energy, t %%ﬂté%awfﬁgéo RO ﬂ@%ﬂlﬁ%ﬁwﬁ%%@%ﬂwwr%qﬁ%ializi ng
a dat a16t or aRuREVIhER ohhded ndndoly, &fc. €ner gy pul se having a duration of about 1
p sec or less provides initialization with reduced data storage device
cracking and del A¥epimsith mere parrarasty. ipdyvitypfercscety §ig- latheginiegeapelly drpjstedt ed
therein at 19QqisSady axmgug-wnée&ga fdrhilidi@ink 2! fi9sePchdRiPaatd %ﬁg@d vl fae 106.

The data storage device 1 e any type of apparatus capable of storing

y b
data in a nadéaadancevvith Heipsesens inventiqng | theypethpddprdpigglizing 1@rphasetehenge 2ataone

det ect abl e or SeuiCe 208 : g,,ilIJ%' i q:h%% any

particul ar %O?érﬁ%g?gér%gnrmr ygﬁg&%sgﬁ%at ma% lgjedgapp I 8a‘%}°§tﬂt 0 45ﬂzihg%or ®of menor y

utilizihg a dptaaseagemeedie aid exposing e abpse changs datd staspgeauydivpewitienplogalityedi um

i ncluding, f , .00t | I} . r a

preferred aéa%%r%f éﬁggé%f In ﬁ{g&g‘%ﬁ %B%E{P%%fe% Zﬂeggeb P{(.:%B ﬁs%r{;lﬂéﬂ%.ﬁur%]ﬁ ?%eg F at a

storage 30 essireecdmpvisesgexpogiizaldicthe hamgeraganmdisindo adiest mpuigyumistd8vinghe dat a

SO e T AN RSy o BRG] 8T AN AR IR e o
Following the first exposure of energy, the data storage medium may be allowed to cool. Pre-

20 initializing a data storage device with a first energy pulse having a duration of about Ipsec or
less provides initialization with reduced data storage device cracking and delamination.
Referring now to Fig. 2, generally depicted therein at 100 is a system 102 for
initializing a data storage device 106. The data storage device 106 may be any type of
apparatus capable of storing data in a medium, which is convertible with energy to more than
25 one detectable state. The data storage device 106 may not be limited to any particular form
of memory device but may be applicable to all forms of memory utilizing a phase chhnge data
storage material or active memory medium including, for example, optical memory, electrical
memory, etc.
In a preferred aspect hereof, the data storage device 106 is an optical data storage
30 device having a phase change data storage medium 108. The data storage medium 108 may
be disposed in or upon any useable substrate and provided in any useable form including such



5 February 2004 forns as, disks, cards, sheets, filns, chips, etc. A

preferred formis an optical phase change disk. The optical phase change

di sk may be of the type having a series of |layers, including for exanple,

protective tayers;- a reflective |layer, an upper dielectric, an active |ayer

or phase 5 change layer, a lower dielectric, and a disk subs{yate. ihe

opti cal phase change disk may also be Payered or configured in ny ways

with |ayers acting to control reflectiviax, gfatiq%{and cgohin and heat

di st ri but i oferavhis Risks: earde shaets flnsiGRRRAELS > PRt forgyis H}optigal @ ?fﬁg%a“&Sta

st or age devgﬁfs. As briefly nentioned above, the data storage device has a
d

phase chang ata storage 10 nedium The phase change data storage nedi um
may be conpri sedTlefopsnal phase ehangbdisk mayhernd atiyre havingt sesies efdpysts iscldéinghangi ng

states accordi n o an i.nput of ‘ﬁe:tr?th‘ ' rial. The

phase phang@r_ ’éf‘?napﬁesf’fﬂ’%f&@g)ﬁ%e&“’ﬁr%%%@@e%%pgzdd_| n é%%/&ggﬁa% ;BEHE% grm

M e ot st ppoegrsebant mmprtunl i At t LY

mu y . L . gt

change. dat abslsreRr SBEES @F@%W@Fé?&%fvcﬁngtqﬁfﬁn%ﬁfe%g(fuﬁ%"%a?nﬁgmé | east

one_el ement gflind 5.8 TR N HEEn Whick | .edTRAefllp Rhai Rdhe drt ofplabecigngagateonsi sti ng
e

of Te, GCe, , , In, or Ag. A preferred phase change data storage nedi um
conpri ses astotag doyipehi de having Te or Sb as a main conmponent. For exanpl es

‘of phase change . ngWH&dMA”EW&&h& hfie BEB5EMEa tHLAL | ON, see
U S  Patent No‘g%;r%?gh%gﬁ&l ssued June 15, 1999 to Hrotsune et at., the

di scl ottur e okdiwhi cFhei @a@@clmg@ﬂﬂai%&%@P@%@%WBr@ﬁ’éﬁ@ﬁd&.aﬂﬁdﬁ@ﬁfh&iﬁal ly, see
U.S. Patent Nos, .4, 653, 024: 4 A T3% 034 B399 G194 104

5, 128, 099; 31??ﬂgq§l,’15§?oa?%-]7gé#’8?légfﬁeré o] o é?ggﬁggsglp&gﬁan%’da%a st or age

medi uns  apptisabinidenmtdrab The gesvhaiga dunstorage madivan mivdepryidedis apsuiighle h ar e
herein incorporated by reference, Th I [ | sposed
upon a subs W‘HT’@"IB‘%n%ﬁflsgﬁfet 5185813%%??&%‘?&&@&?7&“%& 3'?% éﬁ{%ﬂhﬂ&ggﬁ]\%nt i onal .
Convent i onajayé® toh agisothér foins poeble Gortstoeingldata Bheqrhasgehange dete sloragamisdium substrat e
I ncl ude spuitering, evapor.ation Sitl,on . er ] vapor .
deposi 13 on lﬁPreé"frﬂ’%Faﬁ’é‘?ﬁWi"&E‘é%g : ogé %éaﬁleélt Q‘Jt%%g%‘é‘ %Pﬁ%&f&g‘gsﬁ%ﬁiﬁal |y

manuf act ur eglomtthegdap dosistnpgbTeruds, $hy $& In, toy fiec ah Ipyefpred\iihdsecchange ata
unitialized state. An uninitialized state is. defd Lf of the
30 data st of'@@gee Wé@?ﬁn‘?‘ﬁ‘ﬁ’é‘ﬁ?staafﬁaé‘oge&fdte\%; thii 25 ,O?ssib gar%?anlg%gr%gg@%%i ﬁ‘% data. The
uni ti al i Zedeginle$of phase change data storage mediums applicable to the present invention, see U.S.

Patent No. 5,912,104 issued June 15, 1999 to Hirotsune et al,, the disclosure of which is

20 herein incorporated by reference. Additionally, see U.S. Patent Nos. 4,653,024, 4,820,394;
4,737,934; 4,710,899; 5,912,104; 5,128,099, and 5,935,672 for other examples of phase
change data storage mediums applicable to the present invention, the disclosures of which are
herein incorporated by reference.

The data storage material may be disposed upon a substrate by any suitable method,

25 many of which are conventional. Conventional methods of disposing the data storage material

upon a substrate include sputtering, evaporation deposition, plasma enhanced chemical vapor

) deposition or other techniques.
When a data storage device is initially manufactured, the data storage medium is
) typically provided in an unitialized state. Anuninitialized state is defined asa condition of the

30 data storage medium unsuitable for writing, storing or recording data. The unitialized state
may arise from an insufficiently crystallized state that lacks nucleation. For example, a

conventional optical phase change disk of the chalcogenide type typically has a crystalline



may arise froman insufficiently crystallized state that |acks nucl eation.

For exanple, a conventional optical phase change di sk of the chal cogenide
type typically has a crystalline 6 5 February 2004 state and an anor phous
state. Data nay be recorded or stored to the phase change nedi um by changi ng
the crystalline state to the anorphous %;ate and vi se versa.sg£hg.{dai;@ Storage
material is typically deposited in an anorphous state. during manutacture of a

new phase chan dat a_st or age vice. De iting the data storage. materi al
o anor pRBGg A8 AEORTRR TS TR ORI T S0 O o BatEs s abl e.
Thus, to makg chiigindeNd agstulfiaditste td the am@fphoGestate ahd Bise vétéa | Blel Bfbtorage

Initialization prepares a bl ank' data, storage device for storing information
in a retri &pBiRbdyRigaly denositedan po gopEhoYeSats SupRe MRS f Sriew tesE i r st Use
a data stor | 143 witten
to medi um %\s%gglggt? I%f?r gsdﬁegkgdgg@g t@%@?\tﬁﬁgg | %ega?%ﬁmlaér?\rcl: %)ggq%ﬁeposi ng

t he pha%e cleausgethelnevdy mpeonfantureddstica tn begmysabler Jhusto make the dévideaisabtg theon
energy. The jpre-initl ghdafaki on energy may be any suitable formof high
intensity energy exposure. The pre-initialization energy nmay be radiant,
i nductive, convebitiatizationpreperendUblniky elaneogye dRdcH fontst@ingigfrmaABnrigferred to

t hr oughout thi.s di sc] osur refers to.an " f el ectromagneti.c energy,
whi ch may bécqﬂ%"ﬁﬂﬁg?%di?%a%ﬁ? “5‘5’5'} Fg?%?’éféé’ejr%'g&ﬁﬁﬁ lﬁﬁeﬁ&figaégqrggf@eﬁ%qr icles or
waves, suchnag akebé prefor@bd to eXasé ay sirea@piiiflen 18 \Sediuiil. CAOWRNG Hesclb&t abbbe Pr e-

initialjzation.ener IS preferably radiant energy that has a greater
absor bEhcy P’I‘F*’Pﬁé“’ﬁg‘#ﬂ’r‘iﬁ E’W@H?EJ éﬁ‘?q?‘ﬁnﬁel‘f@tasﬂfa%ﬁﬁ%ﬂiﬁﬁl toub Bist &F Pre-The

sur r oundi NYinfalsibA bfergy) Ak PR Snitif1Ratttinek be Aty QuitdBiL 1Y ofHidh ellegt?,‘ers
present except for thégynﬂ:sg%qhang.e r?ed?rﬁ}gmﬂb#heﬁ%’ner_g S 0pr eﬁﬁe_tra y
absor bed at SBETEYaFPESIHS- PSUntRizg o8 seEeY Mmay bapadianbtindictive cenvestign, edi um 20

absor ption gfndattive %@e?éfi ]Régﬁnﬁeneﬂ'gﬁsﬁ @&Eﬂréﬂetbﬁroﬁél%uf@{s%is%fog e x‘g%}'sy toaamﬁ or bed at

a ration of at |east to 10, respectively, anhd nost prefer y at"least 1
to 20 respebPs olslegtromagneiiq qneray.avhighanay be deliverpd todhe data starsgeregiundip palselant  and

will vy deRGaK S0ubROMENG RBATENC RARACHIREL TRl mARey SLRROT HIIg SUDStrat e

used. For eXa pre-initralfizati'on energy is prefe y provided as
| i ght havi @%ﬁé@ﬂé@ﬁﬁpfﬁéﬂ%@ﬁ@ onergp that hasarereager nbsbeniyrip thelmeenpay ti cul ar
vavel ength gouskheG! £t Qultiind fis@hE” THOSHRRERR JilbGaRAs S fanoe

e Ritlalzat e

material than 1 n the substrate. pre-i I on energy may
provi ded assubstrréechandanyl othalaypys prefiestoexedpe foy dlredshasef chenpemgpjuro r Thedkinsxpy éd e

vavel engt NSy Gerably Gihorb & if'a Htio” A%ulrb g H6GRR bbsBfHiof o Hehior bllfum SUi tabl €
.20 absorption of at least 1 to 5, respectively, and more preferably absorbed at a ration of at feast

1 to 10, respectively, and most preferably at least 1 to 20 respectively. Selective energy
absorption is material dependant and will vary depending upon the phase change material and

v

supporting substrate used. For example, the pre-initialization energy is preferably provided
as light having a wavelength between 3 x 10° m and 3 x 10® m, the particular wavelength

25 selected to have a higher absorption in the phase change material than in the substrate. The
pre-initialization energy may be provided as broad band energy, discrete bands of energy, or
discrete wavelengths of light, such as red light, green light or blue light. Suitable bands of
wavelengths may be selected from such bands as 300 nm to 800 nm or 460 nm to 500.nm or
may include only a single, discrete wavelength, like 488 nm. Wavelengths suitable to achieve

30 the absorption ratio in accordance with the present invention can be determined by a number
of methods, including testing the substrate and the memory material independently for energy
absorption.



wavel engt hs may be sel ected from such bands as 300 rimto 800 nmor 460 nmto
500 nrn or may include only a single, discrete wavel ength, |ike 488 nm

Wavel engt hs suitable to achieve 30 the absorption ratio in accordance with
the present invention can be determ ned by a nunber of nethods, including
testing the substrate and the nenory materi al i ndependent |y SfP%{;mgngdogy
absorption. a 7 5 February 2004 The pre-initialization energy exposes at

| east a portion ofretpheinRhBSB0S BRAGCexPBAL AN, ra&ﬁéftﬂéﬁfage&\éﬁéerﬁecﬁlﬂx?” time

peri od. The phase change nedi um ext ends about a | ane ‘over an area and to a
depth. The p#id-takss plagg Pvene ot E@pepdgipdi §h9p@ﬁ@¢me)m@@m ocenld abaut eiplanphase

ekt oe UE‘}GPXI?-‘{T d%;?@egﬂ{ The %aneousfl?éd ls%&&aﬁ délvggg?t?]ﬁgh e entir

nmor e pref er abl I vered Sinu n'area enco %he entire
phase chang ecmeemdallm ovEhan apgaeer a b1rm|ss~seallmrmbaremf 1 em&orgpyeater yindins @ pherably

si mul t aneous ed to.the entire vol hase change medi um
The exp%sureé%‘éerrfo 'i?lg n%‘%"@?’é?%ﬁrveélﬁ%as gége @“Berpthla\%"s‘g ¢ &Ferabl y
about 200 nainitisieatuckheny na@ ko bdsiphRankdisly Rliveraitth o @ﬂﬁ@hnﬁ@dﬂtﬁ@ptﬁ& exposure
interval of 1 p.sec or_less enables increnental initialization with reduced

di sk darmmge. chatgemediogy Jhe gxpesusg periad isprelenbly ejouphysaser fssvanddente prefesably
appar at us capgil 9o Aincl&bhdr idid AP ERGEANoP RS hpﬁf\(& %%xgﬁﬁo\?.vﬁ%agia ggontent,

shape, wi dth, peak power, and ris a storage
device to beusm@r-lcsmenab&b ulz@meaﬂaﬁnmhﬂmahanmmémmmslydmgm alized w thout

si gni fiygant danma lL initialization n XP The
ener gy gource |s%p§efuujil tmne{aerﬁmﬁy f’d’“&‘%‘%{g‘i@éﬁﬂyﬁa ,eﬁg%e%(‘f?ﬂ’i‘ﬁl nuous
exposur e of sareegypile Hatieg e fdctral cantest, élﬁp@mdm,q&ﬂcp@ﬁér,l ﬂiﬂ&ise/ﬁ!ﬂ&ﬁ:e%att he phase
change data s i um si.mul t anequsl.y. e discrete xposure of ener gy
may be prowvﬂéajqﬁ%d&{%&’ﬁ?&de‘ﬂ?ﬂa W(?'é%’“ﬁ’lﬁﬁ‘?‘ﬁ‘glﬂi‘?ﬂmﬁr plaflyinitiglzed wighout| ash
| anp. The waigaifiednndahagehe fd]l &@ﬂiﬂﬁzﬁldﬂuﬁ:ﬂi a:grf su%'l\ﬁé)?kisx@é OYhel @fkrBYy sédaé‘e igner gy

[ | ization as the case may be,

source is suc h%fi 8‘5“ t t| on, i. sta

is not full " %?PEW HE 2 ‘Wﬁ&l”@n‘@%‘%‘&re@m% ofeneggyip theeatire area
initiatszat Ioﬂﬁoistbecﬁbhﬁaieﬁlbfth@jﬁﬂas'@%hzlx@@daﬁﬁlﬁbﬁg‘eﬁl&lu.fn%ﬂnﬁlfﬁgoﬁby @heéxﬁ@aé one
addi ti onal ener Xposure or a second ener dérl The second ener gy

pref erabl y GHOFYEPLEetsy may pe proxided by aiaimber,ef W%%@@“@M&Ofﬁﬁ‘érl al . The

phase chang clihbl Wa BefbrR S hodiSHdte aumﬁf%a&gpy@mmﬁﬁ@&é@,%h&e% depth. The
energy is pre eraply deli vered to the phase change  nedium over an area or

cross- sect | \tiptizhzation te. erygtizaion gs thycase may derippt flyopapletsdafiaes singly ed

exposure.

20 To compiete initialization the pre-initialization energy is followed by at least one
additional energy exposure or a second energy. The second energy is preferably delivered to
at least a portion of the phase change material. The phase change medium extends about a
plane over an area and to a depth. The energy is preferably delivered to the phase change
medium over an area or cross-sectional area of 1 cm?” or greater and more preferably delivered
25 about the entire area or cross-sectional area of the phase change medium simultaneously. The
second energy may also be delivered to the entire volume of the phase change medium
simultaneously. The second energy may be a single short pulse, a single long and continuous
exposure, a series of short pulses, any combination of the preceding, etc. The second energy
is preferably delivered as a series of discrete, discontinuous or substantially discontinuous low
30 duty factor pulses having a duration and repetition rate such that the film temperature falls

below the crystallization temperature between pulses. Energy pulses delivered as a series of



25 about the entire area or cross-sectional area of the phase change nedi um-
si mul taneously. The second energy may al so be delivered to the entire vol une
of the phase change medi um sinmultaneously. The second energy nay be a single
short pul se, a single long and conti nuous exposure, a series of short

pul ses, any conbination of the precedi ng, etc. The second eReLGYar Joss
preferably delivered as a series of di sCrete, discontinuous or subst anti al | y

di sconti nu 0_duyt tor 589 havi n rati repetition rate
such t hat ?ﬁ% dfugwaé : éi S{Y ‘ze?eé SeBB’i"aWP ?@F%ﬁ&f?ﬁ%‘&tﬁ%’ﬁ“ﬁ&ﬁﬁer ature
bet ween pul ﬁimSmtdﬁitab@ptn}nltb BQ/StaHiedﬂoyIQE existEAlyr@wts Qith eRlubdd idtislizmRRddAhYe, 2004 | ow

duty factor, relatively |low energy pulses provide a tenperature profile in
t he recording fqa Pﬁ‘@h 1o BReEEY BED1ShFH & dove dup fagtor pylsgs; aseussd ag the secand gr owt b

wi th reducegheigfithd @hbﬁ@énb@?mﬁﬁmem&mde%mhgsﬁ@éMh*i h%ergpe ﬁsngtﬁong%f such as

| ow duty factor pul ses, are used as the sec ergy, energy may
further i nc‘-‘rﬂafaéhéﬁ #Pﬂ‘él?f 39d| dygation Sﬁﬁﬁglhn'fetnefrl@pysatlﬂte tli wacbrdmglnmdmm‘mtﬁe ener gy’

has a power;y &ﬂ:ﬁﬁl‘ﬁuﬁée e?é% eltlsgre% reéa}umgg%grhce rﬁcordla?tg medi umin

the initialize state The 't na I'se y ensur
initiali zatthedat@ﬁomgqmbéummwbaemmlmfanmﬂyuﬁﬂadaz«dat a storage nedi um has been

substantially i lalized. The,secon ner a t abl e .and usef ul
form of energy ?%‘che"a““ﬁ%",“%yé%‘\yﬁﬁfﬂ gﬁbﬁ ?“%%‘ﬁg%/ ﬁaﬁyEYF’ﬁﬂ‘Pdm%rra@%duct i on
ener gy. Theosvwedayl, idycte, @fcmanﬁ:ﬁdn b:)érg?rn'lfhdsdﬁbﬁgﬁhia? be ﬁ@vﬂe@w%y%%reat ing

appar gt,us |nclud|n Iasers coi | bul bs, ovens, beating coils, flash
I arrps%et c SUFREEDE q'gls‘%'léqc@réﬂ’ir cpilsgbulbs O‘Q%rh@i'ﬂqgr?o h@a-‘-ihor m of

el ectronag m&ﬁps Cetc.eMBRE Qa)tand\@fefgyﬁ{ SileRF BB idiart REerSPRMAY fobd of B 8&1@ of
green or

VISIb|e|I Igfgt pre %gyﬁbly, the energy is in the form of

bl ue | i ght Reterabiy, thegmensy s indhe foan of wisibledighty yMost Pra@ablysmt abl e for

i rradiati n@n&ﬁ}ﬂsﬁﬁﬁdﬁﬁngﬂ%@gﬁeﬂbﬁﬁlﬁcﬁ?@'%ﬂ’c {5k @L p}éwé@a first or
or

pre-initialization energy may or may not be the sane energQ/( as the
second enefgyer spiggbl ?aﬁ?ﬂ@m&ﬁeeﬁ%dﬁtﬁﬁﬁawmz%wmenaﬂﬂﬁeﬁfg?p rray be provided as

visibis |ight angsrkiepRGRandaARRRGE BB ofiy RO b Bk DL M AL  her mal

energy. Energy provi ded in alterna orns - can control of
the initi ancﬁe&qnerrSYpF@@é@eplaﬁhpnrm@b@@on ensray iy beipriovidedop gieitllelliphtiand educed

data st or age el el TBISe FMEATH ELBHAY A0SR CQIRHSRAZ, DT Of e o

one or nore wavel en ance initi a uci Rollateral
stress and tqﬁ@tefrﬁllméloa@@ﬂwdnr edded ogitsd cs‘tthmunuahamoﬂ' Ipeocessr antli itnpravay be a

singl e V\ﬁvﬁmﬂg%&%?eﬂ&&f:&aﬂSor\égevfek]%ggat.nps e OF br oadband.  For

20 Each energy exposure may comprise a profile of one or more wavelengths to enhance

initialization while reducing collateral stress and thermal distortion of a disk structure. The

profile may be a single wavelength, multiple discrete wavelengths, or broadband. For
~example, when light is used to initialize a phase change optical disk, the light may be a single
wavelength, such as 488 nm, a plurality of discrete wavelengths, such as 350, 488 nm and 800

25 nm or broadband energy which includes a contimuous range or a plurality of continuous ranges
of wavelengths, such as 400 nm through 800 nm. The selection of energy profile and
wavelength is preferably based upon the data storage medium to be initialized and the
surrounding substrate. Selected wavelengths improve initialization through photonic effects
that reduce the necessary thermal energy input required for initialization, thereby reducing

30 thermal damage to the supporting disk substrate, and reducing thermal stresses within the
coating stack.

A cooling period is provided between the first and second energy exposures. The



exanple, when light is used to initialize a phase change optical disk, the

| ight nmay be a single wavelength such as 488 nm a plurality of discrete
wavel engt hs, such as 350, 488 nm and 800 25 nm or broadband energy which

i ncl udes a continuous range or a plurality of continuous ranges of

wavel engt hs, such as 400 nm through 800 nm The sel ection ofs ﬁgﬁgr?yoogrofi le .
and wavel ength is preferably based upon®the data storage nediumto be
initialized and the surrounding substrate. Selected wavel engths inprove
initializati ewling pesinghagsntn Brareipe tiecprogression Al qrtallization ey wedecedhe rate toher mal
ener gy i nput T Lt Al ' | g, danmage
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Cool i ng 5May @k SRciRBoPleybdrek ditiepBan cliangh mddiebersenendgentes \Chlthsasy Wwhi ch
may al so be necessary to ?I,o t%e I ni Li | ization prqecess, and %ontr | t her mal
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medi um i s pretel-AmERQLESWRE R Whise chgdiid falabORedifiBERAL biRecRid ARe Phase

change nedi um between energy pul ses. Cooling may be passively or actively

i nduced, suc@fwsb{yaﬂ‘ﬁé_r mal diffusion and/or radiation, a heat sink in

thermal conmmuni cagyg %&&kﬁhﬁo@_@m&?aj@ iheh BiesHd WRPSndIE o BuPltioWd th a
S or a Al'th

directed flow of a - or a Tluid. ough not desiring to be bound by
theory,10i t i kiglhedergyy prb-initializations pulssl works tyorucleatartha phase chaags mpdivm avidiougy

ory, 10t kg | oriowy,
Gl i 11 cant  SPARR RS ENE Sind d, FUERE el BRAEAGTANAS BRAIRAL 1O

pul se, a serdestionf loshiuty factbyrrelpfively, lovenergy pylsds act wr ipcreméradlly velsiallizevheener gy
The | ow duty

pul ses act to increnental cr akljze the recording nmediu

factor, rel arteWg’F‘%/ n}rggwne n@cglﬁwﬁ'ﬁ&ységmﬁ FEIEY 19K taviEY Bglsesipﬁ%‘?l@a?eenﬁfﬁyt he

recor di ng fiihérese in thd reeofdbrg fikp tsuituble iforgpptimizdigatyisialiadtioowitivedch eagyhpudsaer gy

pul se havi ng a duration, and.tepetiti rate such that t filmtenperature
falls égl ow aﬁg‘g acﬁ'ﬂ?‘??% Ard, Zepetdiion; @ &‘Fgﬁh?tzttnﬁefﬁ%%ﬂ‘f’%‘ﬁ?’éee s Relognti®onal |
final, high-enegytiqaespsatireteiweenpulidaeAt opticasiefirgl hizgtileaagy pashinghfolliper at es to
saturate the terial in the crystalline state to.insure..conplete

hi U1 al | 2t BROM LB PR P ERER i G RSERT HE e s uset ul
in control ldofletdiftiahtationd Modlieatiy Ehlioted by ddcdneitally cosSGRiSingid Bicfultihe di sk

structure to mnjmgze . .
controlling t!7iennal and volume change related stresses within the disk structure to minimize

20 cracking and microscopic delamination.
In practice a data storage device is provided with a phase change data storage medium.
The data storage medium is a recording medium with a first changeable state, an intermediate
state and a second changeable state. The first changeable state may be an uninitalized state
and the second changeable state an initialized state. The intermediate state is a continuously
25 ‘varying or discretely varying state between the first changeable state and the second
changeable state with formation of the second changeable state being dependant upon a
< transition from the first changeable state through the intermediate state. The phase change
data storage device is initialized by exposing substantially all the recording medium in the first
changeable state with a pre-initialization energy for a time sufficient to initiate the intermediate
30 state from the first changeable state without substantially inducing the second changeable

state. This time period is about 1 psec or less and more preferably 200 nsec or less. A



20 cracking and m croscopic delam nation. In practice a data storage device :
is provided with a phase change data storage nedium The data storage nedi um
is arecording mnediumwith a first changeable state, an internediate state
and a second changeabl e state. The first changeable state nay be an -
uninitalized state and the second charifeabl e state an ini tiﬁ}e%ﬁgz@gate. The
intermedi ate state_is a continuously 25 varying or discretely varying state
bet ween t he ¢#qlipg period asryeviprdatisr te arednifalizationenegrd Thesespricanpiel expositreiswi t h
formati on ofy e oeTale ey - helk . nsition
fromthe fi P?sh?é}ﬁ%ngea%lrglngﬁg%ﬁgg ?lﬁ?r%gha%ﬂ%gbr?}%f g?ﬁ%ﬁ?‘??% ngbtag]& e@exf’hgee%phase
change dat totht sregenegy for atime suffivieni ta sigri chnly progressheiptesmbdidtasthieab thg al | the
recording nmedium.,in the fjr changeabl.e state with a.pre-initialization
cnergy for Sepiicbatasstf sle e sfcoRf BRED S b fortontinariafipPataafen £ om t he

first dangeal®estate w thout substantially inducing the second changeabl+e
state. This ti eriod iis abput 1 j.esec qor less and nore preferably 200
nsec or | ess. Z&i CEphB AR, AHO BB BRI iperhaperudppaiende ieanemtry t he
pre-initial médih Y EhRAPREEY betBsh SOARFhAN REEYne X BYSHIGe bifite, Gk LYBLEAat 0 the

recording nediumafter the cooling period. The, recordi ng nediumis exposed
to the secofficapay bgatfesst partiallyia thegmprphousistate: dn aqegidangevatit thympthodpfths t he

i nt er nedi at : t . y is
opeat ed or Peaninfenlih, e 3pEABK oFRENGRA e o storadd Ve F MURpRUTIEY
changé!Cdat a2 Stsoengry foreatimerridspaaves buffidany tmintieterraicleaticd of théemonphwusystateredi um i s

changeabl e . t,al l.ine state. - Th
unitiali zed‘%ﬁ’%%g%ﬂ%’%%? e%és?él gf'frtl a??lg)w% ‘F%L‘eif%ﬁ%ef%’h%ﬁss‘gﬁ{l%. I'n
accor dance drlcbgenidematetild icillowedthenol micrsthatucieati@riempaatustof the alsdlcogenids t i on of

t he chal co i ta storage nediumis exposed to-1Q a first ener for a
ti me and pgﬁmé?x%gu?% (éﬂ}a%ﬁgenf 5 Tkt a%lﬁtﬂéenrfﬁe?sg'gwtgﬁ SS‘I“’"%I‘FB“&W%%% ate

Wi t hout sulswentiffididnytoprogesssistabgrowshs tTak sgoadddposurelsirepwag of Bentiigdst ener gy
exposyre, the . .chal cogenide material is allowed to cool bel ow the nucleation
telrorpeﬁgtur é‘mglrm‘ﬁﬂ'faté?éf E‘B’é‘iﬁf‘de material . The chal cogeni de material is then
exposed w th a ¥adeut ieveatigh/hds beendlldstrifed Bdbtail 0 WRIdrswibfd &idaRd forépoRig0Ogr €SS
crystal grow h. .The second E%(,\EOS' re,is ‘Fﬂ?}_geat eg or continued 15 until
initializat9eHHPHE @iﬁﬁb@%t“é‘? rgidered2s flusiative apf DpLrestHErYs i plarasterdt Bd i n
detail in thGerdoadthitgstydieprifiieedietbogRimOhavelRRe sHobh bl desdribed S8 End1Batt O be

consi der ed aﬂs illustratjve, an(i{1 not restrictive in character, 1t is
changes and modifications that come within the spirit of the invention are desired to be

20 protected.

‘What is claimed is:



understood that only the preferred enbodi nents have been shown and descri bed
fully and that all changes and nodifications that cone within the spirit of
the invention are desired to be 20 protected. What is clained is: 11 5
February 2004 CLAIMS | 1. A nmethod for initializing a data storage device
conprising the steps of providing a datq1storage devi ce havisig,a, $e change
data storage nedium the data 5 storage nedi um extendi ng over a plane having
an area and a substrate, the substrathAﬂggporting t he phase change data
storage nedi um simnultaneously exposing substantially the entire area of the
phase change .data storage nediumwth a plurality of energy pul ses, wherein

the plurality of puylses jncludes a first pulse havin ur ati on of about
| sec or |less. 10 lztﬁmﬁgo%{wggﬁgﬁg %Yfiaé? %?rﬁgﬁeg}cgf:?p?wg%ftﬁ?%?psg ler gy pul se
provi des an ener gfohdini Nehtdstordgetitice Rivingd yphabsipingé danstbragd Mediphabedahange

data storage nediumthan in the substrate, 3. The Et hod of clai'm 2 wherein
the' enerffyy afiewgpmednm srensingppves @ Rlpnenking f0£rea ands ¢ Spbsyatethgi Tbstrae at | east

5t - [ jun:N thod of claim2 wherein th
unes gre;&gh?%ggﬁggﬂg%gﬁggg@ﬁ §t@1ta§¢m@dm1l e nethod of claim erein the

first energ st one discret'e, wavel ength of |ight selected
fromthe group cohsilenéougy efposigisubsteially the entife qreaqiithe phpseishange datafierag®0 5. The

met hod of claim1 erein t | !3%33%[ : i by at
| east one Ia%%@mg%ﬂﬁ'ﬂgmﬁgﬂ%%ﬁ?#ﬂu%%%@& re%%@ﬁ gfﬁg{éﬁsg ;i/ﬁ)s \ékﬁgeﬁergy
pul ses are phEQitizdeKirdiyn af abeareed drdmk | anp. 25 7. The nmethod of claimil

wherein the phase change data storage nediumis a chal cogeni de nenory
medi um198. The method of claim 1 wherein the duration of the first pul se is

200 nano seconds 30rhinetiR8 f cldit: Pwlkepddi thafitét cHefp$ pulse provides an energy having a
higher energy absorption in the phase change data storage medium than in the substrate.

3. The method of claim 2 wherein the energy absorption in the phase change data
15 storagé medium is at least 5 times greater than in the substrate.

4. The method of claim 2 wherein the first energy pulse has at least one discrete
wavelength of light selected from the group consisting of red light, green light, or blue light.

20 5. The method of claim 1 wherein the plurality of energy pulses are provided by at

least one laser.

6. The method of claim 1 wherein the plurality of energy pulses are provided by 2

xenon flash lamp.
25
7. The method of claim 1 wherein the phase change data storage medium is a

« chalcogenide memory medium.

8. The method of claim 1 wherein the duration of the first pulse is 200 nano seconds

30 or less.



9. The nethod of claiml| wherein the first energy pul se has a power
sufficient to heat the phase change data storage nediumto a tenperature
sufficient to nucleate the data storage nedium w thout significant crystal
growh. 5 10. The nmethod of claim9 wherein the plurality of energy pul ses

i ncludes at | east one energy pul se haviigg a power and duratjfggm%ﬁ(fohci ent to
saturate the recording nedium 11. The nethod of claiml wherein the data

storage device i 9. dhe fpthod af clalinghvheldh the firsfertRdypalde Hao s poérisiftiemittigeat phase
of . proyiding a data storage

change data stqrage devjce conpri,sing the steps

devi ce, the ‘S%E“&S%‘i‘éﬁlgé’ 12 flarsee dneAitm tﬁ@te&lﬂeﬁéﬂgﬂiﬁiﬂem%}?ﬁteweg’ﬁmémﬁgﬁ st
changeabl e shaufn without HefiipRE L348 géwhe and a second changeabl e state, the
first changeable state being an uninitialized state and the second

changeabl e state being an 15 initialized state, the internediate state being
a contiguously or,disc I : £ angeable
state a%d t he seég'ngﬁecrhgfr']cgde%t%@ %%vﬁ%g?hféﬁhr@ﬁ# ¥n¥ge§ ?rg%bl(t)l?esflﬁ@ﬁésség%ﬁ%gne
changeabl e sheaize plisd imyindependomt dupdion sufficien i $ahwoate treanedriiag miedish. changeabl e
state through the internedi ate state; exposing at |east a portion of the
recording mediumin the first changeable state with 20 a pre-initialization
energy for a timel.sUhd methedbf dhmilRiHeredd the Hlite siordge deBEH iah@ogicalldaskl r om t he
first . changeabl e state wi thout substantially inducing the second changeabl e
state; allowing the recording nmediumto cool; and exposing the recording

medi umgi th at | eAsA nRAR AsGiddignak plﬂx@@&ﬁﬂge@é&%ﬁ#&%d@@& SnbphifBg the dtfdsi cient to
significantly progress the internediate state to the second changeabl e state.
25 13. The Wethod of claim 12 wherein the nethod further conprises the step
of exposing the i sqg}g% 1 i eabl e
state is a sqbst%ﬁt@iﬁg{lgﬁyﬁ&corrp eﬁ%\é%?%%%%%%‘%A 'th&%i%%ﬁ%gga@lﬂ% 12

wher ei n t he withe firstj chpngeible state nancintermsdiste state pod 8 second dragadle statd) ghefinitse of

energy | ast icg%lg;abfesgﬁﬁeogeﬂ e&suﬁgaéefﬁgge%gﬁhgQ%??%g%gfé&%len&tp% in@fenclaim 12

wherein the additiona engr gy conprises a ura energy purses.
15 initialized state, the intermediate state being a continuously or discretely varying state between

the first changeable state and the second changeable state, the formation of the second
changeable state being aependant upon a transition from the first changeable state through the
intermediate state; '

exposing at least a portion of the recording medium in the first changeable state with

20 a pre-initialization energy for a time sufficient to initiate the intermediate state from the first

changeabie state without substantially inducing the second changeable state;

allowing the recording medium to cool; and

exposing the recording medium with at least one additional energy exposure for a time
sufficient to significantly progress the intermediate state to the second changeable state.

25
13. The method of claim 12 wherein the method further comprises the step of
exposing the recording medium with energy until the second changeable stateis a substantially *
complete state.
30 14. The method of claim 12 wherein the pre-initialization energy is a pulse of energy,

the pulse of energy lasting 1 psec or less.



5 16. The nethod of claim 12 wherein the additional energy is thermal energy.
17. The nmethod of claim 15 wherein the plurality of energy pul ses includes at
| east one pul se having a power and a duration sufficient to saturate the
recording nmedium 10 18. A nethod for initializing a phase change data

storage device conprising the steps of.qproviding a phase nge a
st orage device, the phase change data storage device havi néngrgaé%%)g%l ng

medi um changeabl e bet ween an anor phous state and a crystalline state, the
recordi ng medi um being at | east partially in, the anorphous state; 15 exposing
at |east a porti o]r?dﬂetlﬂ%h?de%fcﬁsa&i“ﬂa W‘Pé’fﬁ“lﬁ?ﬁﬁi‘i"ll\o“&' FOEFey comprasey § Pigalitoft | e and

power sufficeRpl fued Nitiate nucleation ofthe anorphous state w thout
substantially progressing crystal growh; cooling the recordi ng nedi um bel ow
t he nucl eation tenperature of the recording nedium and 20 exposing the

recordi medi um i t 1cljdﬁp f. L. nd power sufficient to
progress%gcrystal %gr' g\l}&eﬁgeﬁ@g%@ e ?e%ﬁ%rgﬂ%?eaagﬁgfqgn%l% r%\"ﬁ%ﬁ\%ﬂa?FWégystep for
exposing the recording nediumwi th a second energy is repeated until the
cnor gy conpri ses 1. JRARERP! BRin £ WAFGe GecHlGALY OpEiedRauIst Uzt 2 Iete. mot hod
of claim18 Rt Ra dvied nd@iriYorl saffigRAO}h@ e Roc mediagr, The ' metho
f clai HMRPuB ' ' 10 fhteY 1dmg imed h hod

of claim18 wherein the first energy is generated by a xenon flash lanp. 14 5
‘February 2004 23. The nmethod of claim 18 wherein the recordi ng nedi um

conpri ses at | eagR, AnRethd SIERLIZAR a9hERhInEOMs H6rafd QMRe SRRHSRL] Te, Se,
Sb, Ge, In, or Ag. 24. The nethod c? cl ai m%18 V\heragfign t%e tl rsf%éthggtleﬁ%tiate

nucleation i€ | sec or less. 5 7
providing a pbase change data storage device, the phase change data storage device

having a recording medium changeable between an amorphous state and a crystalline state,
the recording medium being at least partially in the amorphous state;

15 exposing at least a portion of the recording medium with a first energy for a time and
power sufficient to initiate nucleation of the amorphous state without substantially progressing
crystal growth;

cooling the recording medium below the nucleation temperature of the recording
medium; and
20 exposing the recording medium with a second energy for a time and power sufficient

to progress crystal growth,

19. The method of claim 18 wherein the step for exposing the recording medium with
a second energy is repeated until the crystalline state is formed.

25
20. The method of claim 18 wherein the second energy comprises a plurality of
- discrete energy pulses.
’ 21. The method of claim 18 wherein the first energy is generated by a laser.
30

22. The method of claim 18 wherein the first energy is generated by a xenon flash

lamp.



25. The nmethod of claim 18 wherein the tine to initiate nucleation is 200
nsec or less. 26. The nethod of claim 18 wherein the power to initiate
nucleation is a power/tine profile suitable for heating the recordi ng nedi um
to a tenperature sufficient to initiate 10 nucleation w thout significant

crystal growmh. 27. The nmethod of cld#m 23 wherein the recorgdi E‘g”ﬁ@ um
conprises Te as a main conponent. 15 28. The nethod of claim’ Fein the
recor di ng menddy Thediethed ob olpini Hewhestin e reeording medivpprompnses apfeastpne net hod of
claim18 [el i r i.on. e i j optical disk. 20 30.
The et hoéé\g}%fn%a% ege?n%fgptf\}\]ggé@kﬁgrgﬁéﬁééf?%hag?é’egg)}ﬁ’isosr%er mal energy. 31. The
nmet hod of claim 18 wherein recordi ng nmedi um extends about a plan over an

area and the step of exposing at least g portji.on of the recordipng nediumto a
first energy i%: Eﬁl%m%‘logag‘éﬂﬁ‘sllgy”l’é;@ﬁbé‘?H’&EEQJB‘Q?’:QHP‘F!%W’?% Hlsefﬂ"eﬂégr ea of the
recogding nediumto a first energy. 25 32. The nmethod of claim 30 wherein the
first energy is a different formof energy than the second energy. 33. The
met hod of cl ai2f T8 methedfielainn &8 Wharejn the e tpjinitiste pralestidats 209 nsecopkessr or f | ash
30 lanp .and the second energy is provided by the other of a laser or flash

| anp.
26. The method of claim 18 wherein the power to initiate nucleation is a power/time
profile suitable for heating the recording medium to a temperature sufficient to initiate

10 nucleation without significant crystal growth.

27. The method of claim 23 wherein the recording medium comprises Te as a main

component.

15 28. The method of claim 23 wherein the recording memory medium comprises Sb as

a main component.
29. The method of claim 18 wherein the information storage device is an optical disk.
- 20 30. The method of claim 18 wherein the second energy is thermal energy.

31. The method of claim 18 wherein recording medium extends about a plan over an
area and the step of exposing at least a portion of the recording medium to a first energy is
- simultaneously exposing substantially all the area of the recording medium to a first energjf.
25
32. The method of claim 30 wherein the first energy is a different form of energy than

the second energy.

33. The method of claim 18 wherein the first energy is provided by a laser or flash

30 lamp and the second energy is provided by the other of a laser or flash lamp.



