NOVEL PHASE CHANGE MAGNETI C MATERI AL [ 001] This
invention relates to a novel material, in particular,

wa@2mewed76phase change nmagnetic material and nePtDE62005/000357

maki ng the sanme. The invention also relates to the

uses of t hNOVEEPHASEICHANGEMAGNETICIMATERIARNgE
random access nenory (PCRAM devices, magnetic random
access nenory (MRAM devices, solid state nenory

devj , S 0 J did
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interest in the scientific conmmini tg and the industry
signaeryt (MRAMS devioey, 8olid: ptate srpmeyedavicas, senaer de\acem logical

g’ggﬁﬁ%n%%qjﬂ\,@ @%\ng? - &ﬁ@@éloﬁﬁﬂmﬁvﬂ%oﬁ@ﬁ%vel device, control

aéf)lbéCSO@F?;ystérthnJ&hlbydéi/l@étéﬂ@@ém%h&l@ct@?éﬂ erase
non-vol atil e menory devi ces cogni ti ve sem conduct ors,

and rewitable optical discs. [003] Recent research

efforts have be e t of
non-vol atil e ph é HDOGF ﬁ@vémﬁﬁﬁ‘ry and
rewitable discs vvlth hi gh storage capacities and fast
read-wite speeds. |l es of such rewitable nedia

t hal00&le n@Wenihrigst |’f'?fe§s‘i9q5ﬁ’@§uﬂ@t$r@/{? |f@ra'iﬂV€‘t€B|ﬁﬂ§8’t'"a have
U eb R ot of itk S communiy and
thpe iioddistd. ssmcsliherd}scomw‘dlb)che[l@gmdmefﬁm otederals in 1968,
T BRI RSOk bR Fhdfisgs n many
Trﬁﬁ&tal{faé(fphbﬁldﬂé ‘iﬁcﬂuﬁﬂﬁ?‘él@ftﬁé@@vrﬂé dnddatais8 hon-Ed1ale enemory
i N phase o he material between Cbié?t al I'i ne phase and

ﬂﬁwcgﬂmqmm@ gsaisenductpess endyewriable pplieal aliscp. used to
heat the material to bring about a change of phase. As
each phase is associated with a different |evel of

i g[uoa‘jefl Betenf tesearcmetioris haee begnstfcaddsisad grhtheedeévelopment

hI flecti ve and t he anor us phase
Padelegle PisiarCharis Andnb eroass swoaRa R rauiable discs with
h' es@éﬂa‘é% RABKEHOY NEnG PRIsE - RAte! %rpgﬁgsorE%é?ﬁples of such
erial "to represent conputer-readable data bits.
rewrltable media that are now widely in use include rewritable compact discs
(CD-RW), rewritable digital video discs (DVD-RAM, DVD-RW, DVD+RW) and

rewritable blue laser optical disc (Blu-ray, HD-DVD).

[004] Phase change media utilise phase change materials as recording

- media. The media is thermally written and opiically read. Data is written and

erased by inducing a change in phase of the material between crystalline
phase and the amorphous phase. A laser beam is typically used to heat the
material to bring about a change of phase. As each phase is associated with a
different level of light reflectivity, namely, the crystalline phase is highly
refiective, and the amorphous phase is lowly reflective, both lowly reflective



[005] The use of rewitable material for optical discs
was first reported in 1971 in which the recording

wore@ra4@enpr i sed chal cogeni de phase- change conpOBEBGH05/000357
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material (Feinleib et al., Appl. Phys. Lett. VoM 8
(rﬂe&R Jahdﬁﬂghl%éﬂectﬁlemk@mci SOty Aht s Rirfddeate thee araterial to

made to provide new-materials for rewitable nedia in
f%@’ﬁém@qn@ptﬂﬁ%rqaﬁ?@b@a@@almScorrputer data size and the
corresponding increase in the demand for |arger

storage capacity and faster read-wite speeds. [006]

For [608]np| Fhe WSeRsh rentritéhl@ 08ateral ftirsiptioakdises mmsfe"st reported

ding filmf i ded,
7 3527 i S K recorbin. et aameRsey cRaRpartig8 iR change
EB%%SESQH&% dspgﬁf@ﬁl%rﬂ e@lé?h 9?1 Sonyee Gt %11@ (1|gfral§tpg 254).

one I ant hani ransiti on net al
Birde ntigerpomanycmtmnmsnhavs heeac mdeatcecprowde h@ew matenals for

iSHiklenthad b eSataen® 1 bbb T EnRlh Gata,ping and the
2ﬁﬁeﬁ&%cﬁ it gagémﬂ\ i rd%ﬁ%a 0] lafgéregt@«%g@gcadé&mand faster

not her type of rewitable nmedia that is wdely in use
rsadragitespegds. cal (MO) nedia (used for exanple in M ni
D scs). MO nedi a operates based on both magnetic and

optical storage device principles: witing is carried

out aGEINet Ferldxaniiié eUS IPater! 570078 Aisclosed & gsitisegchange
is carrled out optlcally Typlcally a focussed | aser

ecording filbpIforeaiseninodewilessided sIpticab disssi i WhIG de resording
B oA LR B Hahdefphfeftifin &€ sp-Te-e and ateas

nedaphiahide dlomentragdet franditier thetal. mslggletmeitm\@pdmt component
p03|t|oned on the opposite side o

G BraAIRIth 1T eoigORGS (Ul 18 508X ok i Bhise €ha)ds Gomponent
gé Egé‘}eﬁg&#%ﬁg@ﬁ?hﬂn PRy ﬂé\lvmggoéﬁd sbyreghtifd Guhﬁ@?@@brdmg and

ent 6,132 dISC oSes an exanpl e
@fasingen conduct or nagneto-optical material. The
materi al conprises a sem conductor such as MsAs: GaAs
in which fine magnetic particles are dispersed. The

t 007 enmotidraypaonaivaritablel matisethbbistwidaly inaseais magneto~'
nperature and can be used forS| nal Fﬁﬂiof rng %
QC@IaWQéa'ﬂe@ﬁ Gﬁeé{pfqr caramplg) i HHal BRES) M gdig operates
! fl ied
Bk ool TR EREOARS) SRTRG) Bp0de bHRRIed Witng i oo
fo®i onakjnegicathd aﬁehﬂwn‘%émaﬁnent caedréadinggsis carried out optically.
Typically,; a focussed laser beam is applied onto one side of the media in order
to heat the MO material to its Curie point or compensation temperature, and
thus render it susceptible to a magnetic field. A magnetic head positioned on
the opposite side of the disc is then operated to record digital data onto the

disk by altering the magneto-optical polarity of the heated area.

[008] US Patent 6,132,524 discloses an example of a.semiconductor
magneto-optical material. The material comprises a semiconductor s‘uch as
MsAs:GaAs in which fine magnetic particles are dispersed. The material
exhibits magneto-optical effects at room temperature and can be used for



Patent 5,709,978. In carrying out the synthesis of the
conposites, material conponents of the conposites are

we@eaohes6760mbi ned and prepared froma sinple n RECUBE008000357
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one material conponent is precipitated in the other
SBhar prabe sSSP AN he fﬁﬂ&%ﬂ@@@@ﬁhé&%ﬂ'&;@aﬁd mté@eted circuits.

- magnetic or phase change properties individually, but

i s incapable of exhibiting both magneti c and phase

cha pro [ S 1 v :
ot UHRIP! CHoBRot , IBRELT o, [ dnor s, cof  materal
czampoadnteuand Itheia uﬁeutd*y refordig evsalia rieaver bees sdistlosed in US
itable djscs, Shi et al, discloses the use

ﬁt%a‘%éo%&lt FRTYINGa PUtCHISSYRESSISO 2¢ cgmposites, material
Eeh bh&Rseodkife comishites e @fthér %Wbtn?éd It | Pébare from a

viour in relation to the erasure of data n suc
sinyuls nfitjore, ar. o priaterdycompdoient @prelémlﬂatéd iMihe dtBer ppaterial
841-847,, 2Q03). Oll.lnanter st udy, to et
B TEp oGl U HBRS s ORIL R HoneBa REpitise change

r

PRACRI AN, bEeR 'ﬁ%ows%‘”f SRRE oot P AeorcicRRl phase
timangs prapettiesrsisulidgeow@iyn et al . (Appl. Phys. Lett.
Vol . 82 No. 12 pp, 1902-1904, 2003. ) discloses the
use of FePt magnetic filns sputtered on Cu. [012]
I °! tfﬂ? t hge (4P SRR o hAErA3Y6r b dRc8dfave been carried
[

ions in current materials still exist. For
edtarlpl @ studye of dpa srasinarfosesiniiopgcalpeitable discs, Shi et al.

{ELlopbGS B bERN PR BnRR rRISTRF Dot T & 0 SRtk Bfmtable

discs hedr ﬂeowmangmaztyefauwanoﬂimrﬁmw, inc@dtionutorthe erasure of
efforts are needed to provide n rial s having new

daigr ar SuPh siscss(Jpno JsfAPRE JT NS ﬁ&ly42,. aftst,adNo-opPelP &1-847.
?@@3 present invention to provide new naterials that,

or ‘exanple, give rise to inproved perfornance. SUI\/I\/ARY

OF THE | NVENTI ON [014] Accordi ng to a first aspect of

t he sen |nve t|on her rOV|de ase
cha(@eﬁ IIHet ?%0 8Frp(§§l1l4 Eitgrl I %l éﬁsci%%& i 8es 3” -based
mmm@%um RldgAbti€ gammauct@rfdr gemeornqaa@n elelvieces (Jpn.

mat eri al onent. This nmaterial has a crystal
ﬂ)hé@ﬁ' é;’é‘é@(:l Q! e4:p tlﬁeritémwcp} 2B ppst43RbAeYi éoﬁ?)@ﬂ@r){e;f/ another
&fva s’ of aPT1A%E).CPANIA S 961, 2 RIo?PFZ b, 1682-1904, 2003, )

discloses the use of FePt magnetic films sputtered on Cu.

[012] Despite the developments that have taken place, limitations in
current materials still exist. For example, the capacity and recording speed of
rewritable optical media are presently limited by the laser diffraction limit and
the crystallisation speed of the recording material. Therefore, continuing efforts

are needed to provide new materials having new characteristics.

[013] Accordingly, it is an object of the present invention to provide new

materials that, for example, give rise to improved performance.



has an anorphous phase associated therewith a second
magneti c property and a second phase change materi al

w@eopetd7g? The material of the invention has uPCT8€2005/000357
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el ectrical, magnetic, thermal, crystallization and
optical propertiegymimARY SESHE RIQERSIORUCh as fully
crystalline stat m‘p‘l’m—p'a'rr%n crystalline
phases. The material exhibits both nagnetic effects

and se ¢hange effec and_ can used in a wde .
anbEn? ° ARRtHRe’ e Esianeel"or T ipeeil Dyghfh. there is
phovided Re pRBSE 'dhahgaavalRetits @dnipusits dRatdial viHieh imprises a
restricted to, optical nedia, phase change random
gbase shagae Materadroawpenrantcasd arfajrunagnetignasiarat cegyonent.
e : . | .
THRC bt s S°¥hERIne Bhote RSB HIRTHSIRY, st magneti
prapdriycarmd anfist phastethande nidtedal propetty devaddition, this material
control devjces, SOC devices and sem conductors. [015]

Ras arupAPrPbo s BNARe asspeidiediharpwith R sRepPRM Magngtic pwperty
\ . r . .
S50 ot oRBSs CAendS A A0pRE e mERE0H 8 ¥ inventon
hagneiique elbctidal ma§nétive themeal] icostallidationrarehbptical properties

material has different electrical, magnetic, and .
abdifferent PBE%‘?% gichags cTHL)f @ﬂé?rﬂ%‘ﬁ% a‘é@‘%t Ay pﬁe%haa@ partial

i a , . Al
CORRITY BSyREe RTRED (IR BOUP hdtc efeqls and phace
ohange effects earcheary be sgdeni @ wide eange of applivations. Examples of

GBoftions th e 6 mAS T IeY be et FeE, B age 2Pt FéStrioted
£ Wtital feis Kphatd cRAYRRE r&ffse SadceBs R Me AL SRC RN devices,

devices. [016] These aspects and other aspects of the
magaeticorandom ansegsr memarnyy (MRAdY s tdeyircssn salidwstatet Remory

LB, Bl 88 ol Bl LRSS, BBLLAOE ERE) Dl mouron
hetwork, 1thieea kRvbenmdeviced] agoatrobhaevicgst hSAYntdedces and
of phase change nmagnetic nmaterial according to one
SRMEANGEAIOT®f the present invention. [018] Figure 2a
shows graphi cal data characterising the magnetic
properties of a conventional phase change material GCe

Sh 5] asAcearding teeanother aspect of the invention, there is provided an

optical fecording medium for recording information, said medium comprising
the phase change magnetic matetial of the invention. The invented. material
has different electrical, magnetic, and optical properties at different phase
states, such as crystalline states, amorphous, and partial crystalline. The
invention further relates to the uses of the phase change magnetic material in
devices such as solid state memory devices, semiconductors, logical devices,
magnetic random access memory, artificial neuron network, and phase change

random access memory devices.

[016] These aspects and other aspects of the invention will be more fully
understood in view of the following description, drawings and non-limiting

- examples.



fromthe figure, the material exhibits antinmagnetic
properties. [019] Figure 2b shows graphical data

wW@h@rmed7ey i si ng the magnetic properties of a pP@EBE8G2005/000357
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change magnetic material, Fe4.4CGe-i4.8Sb34.2Te46.6

according to one enbodi nent of the invention.

Coercivity val ue H of 38 Cbrsteds |s observed at zero

magnet i zat i onBRIBBAES 2 i

characterising the nagnetlc propertles of phase change

material of GeTe. [021] Figure 2d show magnetic

pr ojodr7y i esFiglireohaisea sbhageticaipgrame shawiagi the einthesis of phase

Fed. 6Pt 7. 3Ge5g. 5Te28. 6 according to the preseq

mﬁnget .magn?t@zpat@élakraﬁmr IR FiQ e opRodiment of the present
? &4} i onal phase change materials exhibits

anti magnetic property while phase change magnetic

nat gl alélgur@llfm; $hnvtmegraph&:ahtdataveharau:terﬂmg\sthe magnetic

BTORBRIa0" 218 QA RL DRSS SRR DI GG Dpl Srich 2 be seen
fg{)r)r/ltstp ﬁﬂfse %h@?r?’é‘teh?%i% Jﬁ%&éﬂ@ drBSe@BBY phous and

Prhe State I'S'a mcroscope
pho[cOdgi aphFighire h2b nshaws agraabtoai ddatg tcbatambensmganﬂwewmagnetic
at anprphous and crystalline pha

BopeERod: 2 TREaShy Eadas nebaRtS: TEteHa: R GHusRbu Tems
55@?&%9”?69&%6! erhBddfleat diathdiihfaitont OSérchaty value H. of 38

properties in the anmorphous and the crystalline
Plersieds issobddreed abzemanagnetizaenmat eri al s. The

SRR cALIE 255U o LB oo i, ot

f) eﬁié@ﬁéfquas@Q:Hahgétm@t@nal ¢fsee11ethe range, 0<x<1 :
Figure 5 shows a table of data c

el eB{Zrﬁl cal F'Qé'fﬁ Z4 §h@\y wegeslic PROPHEP o%pfgé%ec ﬁéﬁ'&e magnetic
{F%E&{& 6|f r?;:1:64 % n 7. g?&g 5 é&:@Fbﬁ@g "t@ﬂ'féeéﬂe%eﬁﬁh%h@n of

nve Shous - an crystalline states. The
dat 22howsAs Isarbmhlaslagurw@(a dpgoevéentionad @haseé change materials

di
¥R+ rBOmBBopL: PraRe DowRfk 84Es Shhodmagnetieanajegabocording
o BRI REsd iRvehtn SHoNW magw@tr@btdp@ﬁ ycharacterising the

di

crystal structure of ferent phase change nmgnetic

mat B23} s, Figarepg, anrsie?zb alwmg@@@@& d@ﬂ%%ﬂf@%ﬁ@mg the magnetic
5%3@8, %ﬁﬁlg%oregms %bz{ O.%g%g %%’% I‘érgﬁ)‘?pﬁrﬂ% 4t ERWiiine state.

[024] Figure 4 is a microscope photograph of the material according to

the invention at amorphous and crystalline phases as induced by a pulse laser.
The photograph indicates that the phase change magnetic material has different
optical properties in the amorphous and the crystalline phases, similar to phase
change materials. The experiment also showed. that between crystal and
amorphous there are partial crystalline states meaning the crystalline fraction x
is inAthe range, 0<x<1. '

[025] Figure 5 shows a table of data comparing the electrical resistivity of

conventional phase change materials and the phase change magnetic material

of the invention at amorphous and crystalline states. The data shows that phase

change magnetic material according to the invention have similar electrical



system and a sputtering system respectively, which
can be used for synthesising the phase change nagnetic

woraioeniebd of the i nvention. DETAI LED DESCRI PTI EINI/FGR85/000357
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The invention is based on the finding that phase

? et Hdsalchafge niaghglsi ¢ naterials can be used to
orm a honogeneous conposite material that. exhibits

bot I9260 as eFigHERsy Bacand Bbsshew wiRP profilas) pbaiastasising  the crystal
t ext o ti i. i

LR 35151 oordle BRESE L nRET ot THaEhab, | hamey

EbI®eS 5834l T 80 AyEl ey s Py sGRs § Tewgs.When it undergoes a

phase change. | es, of thes hysi cal properties .
i ncl0#dd regﬁgng%%tn‘g?ga&(?PBWi 6&‘%93"&9 fd@fgms of a fager ablation
e .5 ORh t Spagfli I Quhigie! ghh 0 f

AP 2 OB Ing” I, TosPRERRIS! MIGR fat pPs used for
syrethesibindi thé phasa chaedé megnetic nsateralfafdha datentiant i ve
energy, lattice constant, crystallization tenperature,
gl ass tenperature. Likewise, a material is said to
exhi bit magnetic effepeTAILED'DESCKIPEFIOR Magnetic
field. [029] Wthout wﬁmw t heory,
the inventors presently believe that under appropriate

ro condj ti.ons,. phase chan onents  and .
otz She dmentioR I8 259 2onBerE R Ptk aee Ghgnoe materials
ShY FhadneticHAtcHER &n Lt)%‘ 8sé§ %ol fdrind h@hﬁf%r@h@@ @®mposite material

magnetic material is altered: some of the atons of the
tited saxhibiten §ethmphese ashanger efieciscas welk Be megnstiefeffects. In the

SRR, R, s e S G4475,oF0F iy cran
Effe@shelt showd chafiesin its pigeical properties whkndt enderdocs @ phase

repl ace_the positions of sone atops of phase, chang .
RRelg. dPXamplen Sl thera pRygieAPrePsdies: InglugdesisEviy, absorption at

Hﬁ%?gntﬁnév@én@} tSé‘ii%pdr@te%ﬂ%?diQB&%ﬁfn rd1BRSE &Ql@@ﬂi%t %onstants,

magnetic conp erials are able to exhibit bo ]
dbasity, chamgal eiridectigtyd ibetnoalsdiffusian eoeffeiant, speaific eat, active

et R85 SR085. EBEH Al TAWERANG, kgt RFeRath Licowie
atrhatelidl B B oPilsit Artigretio effetiaat it issumdena shegnbiic fible.
material of the invention is that each phase of the

material is coupled to a unique set of phase change

pro i es i.C peL - .
el e ARG o BEP BRI by T, (R vERRrs presenty

beleteathdtnenderaspropriaten grivethscaititiens, f ghasenshamge components
%QS %i‘cgqm%e?ﬁst gan be combined. ghgﬁi thcarﬁlqg %r)}s?alt%?rtugture of the

resulting phase change magnetic material is altered: some of the atoms of the

phase change material is replaced by the atoms of magnetic material in the
crystal structure, so a new unit cell having a unique crystal structure is formed. In
other words, atoms of magnetic material are made to replace the positions of
some atoms of phase change material, without destroying crystal structure of
phase change material. In this manner, phase change magnetic composite
materials are able to exhibit both phase change effects due to similar crystal
structure with phase change material, and magnetic effects due to magnetic

atoms existing in the crystal structure.



properties (e.g. optical reflectance, optical
constants) and its nagnetic properties (e.g. field

waeoengi’hy . The benefit of dual property changeCT&G2008000357
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har nessed for a wide variety of applications, such as
sensing, data storage, |logical, cognitive, control,
SOC (system on chip) and sem conductor applications.

For [(30dor dOng aghiantags thabds perviders bribe matgrial pfrtspeinv?ntion is
R b5 BRARY ol BSGELIG SSHHGI L) B e change

brmmmyamdnggg@m 'lﬁTOPBEtI%Bge Tlmsbmemtsectha&j vettert hthe material

sanme time and at the? 0|n &éeby i ncreasi ng
tiRdendeesr ahage dkra0ey g %%t%‘ IR Jpfadss tp ppmofphous” phase, for

[MREH B Hﬁ@én‘?‘al %55:@599 %cm@ bﬁ%}ngg it B@th it phase change

|nvent|on sensi ng app prope
ropsriss @glsopt@ahmmut&menomldab cbestantg) Iay\datsanagnetld properties
ica

f%éfﬁ%m Sureoa; tho HeBent ot dlaae s Habg gt be Tar@ssed for a
(‘}J;\fi’d‘%’ vﬁﬁé 08 ab;ﬂ?&ahoﬁ@%@cw %@%sﬂ{g’ %' Qéra@éhwgl&ﬁd cognitive,

ase ange nagnetic material (hereinafter
cemfmlr éRD(Bc(sysierrPﬁm cmp)sandlse)mmbnd%opapphcmtlons For recording
i nvention jnclu roperties Qqf el ectrical
BB GPOF o InERNeRoHe) SRBRICEnaes (8 Fabll 1! from the
ﬁﬁi!ri%ﬁfld)ﬂ lof Y)otH‘ thd %pﬁé@ﬁ’@h@é&%n@é‘ ahangangolafivation, frequency and
ectrical resistivity, 81eht hermal ~conductivity and

maymeluc ghangeta bedet¢atgd ahthengarpe fisteapnd abthshearee ppind, thereby

I
TSSHIM GRS BEBIGAD BYTARP0 BH bbber, R B HcKo meat
ass@ithenmeestidli ¢f e invbrgioactini %m@tapmleatldfsﬂsmsy jproperty
thermal conductivity, thernal di ffusion c i cie

gpablesi senfing  maasyremaiierigy beahighlyo agruie fr@ﬁ?l@?té'ﬁt thermal,
?htl&ﬂr tn'ﬁg#1 é?fcyéflﬁ{;ﬁétﬁeop? Feﬁ\e?ﬁﬁﬁé(é%trfcr oéﬁbﬁf?i%sc?pt@él and their

ahor phous etot ose at the crystalline state.
ilfbmbmablonpertl es are 'simlar to those exhibited by:
known phase change materials and are thus presently
known as phase change effects. [032] Magnetic

pro | esphBss ehBabs ropsitids iexhibitel Byopabhase ¢iange magnetic
thepgr"tr]n ‘magnetic e? E{:t%@ﬂ exhi bi ted by Flbﬁe materia

maiem@le(h%@nﬂ@eipéfﬁf@ﬁ@QnEt |a§ FreMematerdali)not e presen’tI invention
IR o BErUS S 080 RA RSBl RGPt ana
#ve tighnedflediivithimnties apibrprearsephaseramgk liw ekeciicsh resistivity, high
T L TanG 20, nigh J9RRroletBY Bptieo SRELAIRS ighase. The
DAL SmetGERIBAGR MBRAATHY, 28HEG ity absorption, optical constants,
refraction index and absorption coefficient, dielectric constants, density, thermal
conductivity, thermal diffusion coefficient, specific heat, active energy, and so on
are different at partial crystalline states ranging from those at the amorphous
state to those at the crystalline state. These properties are similar to those
exhibited by known phase change materials and are thus presently known as

phase change effects.

- [032] Magnetic properties (hereinafter used interchangeably with the

7



M, saturation induction Bs, Curie tenperature Tc,
conpensati on tenperature and so on. These properties

w@ae®7944159 ar to those exhi bited by nagentic naR€r/s562095/000357
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and are thus presently known as magnetic effects.

ﬁ?ﬁ?’}m tf&héﬁ’&t H‘E WABIBRIE HSE niRams Shél@dgﬁﬁaﬁﬁdg"ka@‘m agnetic

e Invention conprises two nal n conponents, namne

propestieshinthe amamhwat(dmdderedﬁghese @nd(mpgrm@tm prqp@gxqs in the

E&E@E‘%@?F‘eﬁl ph@? i %rﬂtgflﬁ%g%p*g?l%oa}ﬂﬁg&éﬁfg\gg&ﬁg ??ﬁ‘agne’uc
Ffﬁﬁemé&smﬁﬁtl@%gﬁtmtmégmtlmﬁbn 8, Sophaeefieldag eanisotropy

.e. it my nelt) at a tenperature above st andard
igld it @m@@%ltawwtr(qpyecomartté% iSgeRrengssprraanence magnetization

V
Rlimariit) ieRh B Gl SPRRIAE.TE  EomERh Sl Rorfperature
ahe sbl v dthedelpeopaties are siwitarie tlhmsm@kﬁlblaétbby niggeatiz materials
sui tabl e focussed | aser beam or ?fny el ectric current
and geathusgrresentheknawyt ap aagnelis gsGISroses, the phase
change material preferably changes fromt he
crystalline phase to the anorphous phase upon heating
and[033)seqURatptesel changeanthgretis conpositgamatertat of the invention
crystalline copfornation

In t . th
Q%‘Pﬂﬁ%%éwﬁam@g‘ AT BORB Fa PSP Wi AIERS CARGEa$9TRRNent and a

tl%ﬁnﬁ)‘% ndged to represent data. It is possible to
use ase change materials in which phase change

occurs at tenperatures hi gher than the tenperatures
thaLO?»C rOVI ded by standard | aser e
uch

use tBP"f‘%ﬁ g &i FRMRCGRB C&M éﬁgov\%’ of phase

@hgﬁ‘de hiatbAslugeist ;ﬂ@fé?ﬁ@@emcgtﬁﬂéEem&?dltﬁ@tmlh‘wthbmse change
hase change materials such as paraffinp wax an

mﬂtgnah exiibite . ghassochapee c(i6r ghrinay suskh aﬁﬁc@ssemﬁrewre above
BRERErS R o HBE TR 80285 g bt o am levetec

| are’n swtalefor
tehﬁpemmt ofomotieiehso 4 hendedatorvimioye Itban sexseal diwndged degrees

035 I mbodi
Johanhe: elavaied (SmPRrsca oD B RICUNS HroRg BY ARG suitable
@B QIBEd 'IE@Er b&Em é/rgaﬁ?delé/étﬁcoéurfé?ﬂ drehé e déaiebe Fol recording

sone enbodi ments, erred el enents are sel ected
pumqsebutherpeaaetchee@er W@t@caltnfefqral@lycwmr@@@eﬂﬁom the crystalline

gb@ﬁe g%ﬁFTS'RS%@&% @E’%eﬁeor‘gﬁe% a@ sﬁb@@d é%ﬁﬁﬂ%& and does
not regain the crystalline conformation. In this manner, the amorphous marks in
combination with the crystalline areas may be used to represent data. It is
possible to also use phase change materials in which phase change occurs at
temperatures higher than the temperatures that can be provided by standard
laser equipment. If used, such materials require higher operating power in order
to induce the phase change. On the other hand, phase change materials such
as paraffin wax and polyimides (e.g. polymeric organic substances) which are
used for thermal insulation of buildings, for example, are not considered to be
suitable for use in the invention due to the relatively Iow' phase change

temperature.



[036J In a presently preferred enbodi nent, the phase
change conponent conprises a chal cogeni de al |l oy.

wEx@mpleasd of suitable secondary, ternary and OREL/BGHAS/Q00357
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chal cogeni de al | oy systens include, but are not

I rrg)ggiet OH%%QP%@[@&“%’%Q @gér% coﬁ@%@gn{('eig s&cted from

Se -eBimaet, fr@n-dre- Gethe@rolps3HB, 8B S¢BRind @B o trgePetiedic Table.
“Tl, Ge-Te:Ti.,Ge-Te-Sn-0Q, Ge-Te-Sn-A ~Te- Sn. Pd,

I8 SO RASTREIs, e (RIPTETS arassHprt Fms, plyare not

FRLAIQEAa0Y thY SERIBodErC lclsiRelia- $B; Be- Moaasd | $e,Shs TRelK as other

wherein X'is a transition netal such as Au, Pd, Ir,
glemards siveh ag &l Asr ShnBi.IGe, $adtb.Panienand Ai.t hese
presently preferred alloy systens can be present in
any suitable atom c percentage. Sone exanpl es of

premvtil Y Br ehergreseritlyl oprefempdsidnmisutiment;| ude, phise change
are not limted to, Ge2Sb2Te5, GeSb2T 4 , CGeSb3Te4,
cergpoment compasae 2, chaseeertde @leyo Exapmies of spitghlesgecondary,

ey, S5 BIEREEENy LAIRE h Eho m

aBetTic; SKETEr GalswmiShdTe, iISh8s} Ip8e| SeaShdlg, Hte@edie, ¢n-Sb-Te,

conponent. The term"ferrorra_|gneti conponent " refars

As-Shrd ey AatGeTayiSeySh-Tear%fes 18nee pest te-v8, Sb-Se-Bi, Ga-Te-Se, In-
et L B+t =i g ad. ext ernpl_ampanetd crhiel _n-Sh.

SErE Ry L 56 Tefh B SRt STRADCGETEIFLRY, Agin-Sb-Te and

whxtaeess thersofi drabeérstly prefemred oquedertarg systeens inaude Ge-Sb-Te-X

30 Torated PO ERTaIa oo £ RenslipRala SERgAY; R 1 R, Re, Mo,

TLCZPSRARI £ HRS ABMIMP Mt BIREBH N prdfBrrbAgfiBy systems can be
domai ns, large nunbers of atons (typically about "1012

presepisn any avitapledatomigapercestags Seate texamplgaeef doresently

force within t TR N r . e o

pErTP Ry SHEREHEE boRb: PB%, AFEoRef  imitpd, tg, (GeaSbeTes

CesbiveR| GesSh;Fel)c@ebl, TeantosSbiTeor AgsingSith B, SheTewtSbraTes,

magnetic field for the rt as,a,whole is zero. Wen
eﬁ@ﬁ&hr%h%%é%@@r(?%e,ifgrmsmﬁ within the

i nfluence of a magnetic field, the domains becone

aligned with the magnetic field, thereby producing a )

st r [08Y]nagfike i sedond| compohemt presenpdnttbe phrserwhengal magnetic

5 ehalh B BB Mo G FTRARELL SRR RHomagnetic
E6RIBonBHE refdrs lth ThateHalsOhalifg £1AF8 MM bositive RuskEbtibility to an

and cobalt. Further exanples include ferromagnetic
exlenyal magneticsiald Bypically, such materials have unpaired electrons whose

spins results in a net magnetic moment to be generated in each atom of the
ferromagnetic material. The electron spins of the atoms are aligned in
microscopic regions known as domains. In these domains, large numbers of
atoms (typically about 10" to 10"°) are aligned in parallel so that the magnetic
force within the domain is strong. When a ferromagnetic material is in the
unmagnetized state, the domains are nearly randomly organized and the net
magnetic field for the part as a whole is zero. When the ferromagnetic material is
brought within the influence of a magnetic field, the domains become aligned
with the magnetic field, thereby producing a strong magnetic field within that part



| east one ferromagneti c conponent, such as such iron,
ni ckel, and cobalt. Exanples of ferronmagnetic alloys

W@ wpniEsng at | east one ferronmagneti c conmponePCT/SG2005/000357
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i ncl udes FePt, CoPt, PdCo, TbFeCo, GdFeCo, CoCrPtB,

anthe@alidriala, to nane only a few [039] Wen the

material of the invention is used in a conventional

recordi ng medi um such as conpact discs, digital video

dis nd j ' t D, ' . .

cacfas "t IR Shfodifief 3HE rEamAiGneicRRiceE itk s used in

thenpresent inverdiehest sslestedhfromatbut heotr kmited itog thietedemeants iron,

possesses characteristics or, exhihits properties that . .

biekelq e sabal ?Hrtb%9@1?P@ﬁdﬂ°'§ﬂsg‘@rremﬂg@ﬂ%@ms, comprising at
[ a ;

E38Y T MomERAAR, cOnTRALA, SR 2s"BUth . plckel, gnd. cobalt

Exambles taf femarnagmetic cilogls ngomprisimg rad qléasé nene sfesfomagnetic

EHTRORGpJSALCE & hmioHient BOBE ¢ o Hifis SRfige COCTPB, and

GB@FP{ﬁdgtéTﬁgﬁ{é@hYgeefx be sel ected such that the

conposite materi a I bits at | east one physi cal

state selected froma crystalline state, an anorphous

st nd artial crystalljne.state. .The c onents. ..

o 1038 oha U S anFEHRE & RirBieRlPn i GspdaREd Corvientional
ERbPARG dmedftin t4iRh hSecompRa&stises Maigial alided<[Hidd, tand magnetic
different electrical, magnetic, thernal,

megia aystemst thenprogadiaspel eagh o theaphaseschangsaeempenent and the

[ : e_physical 4 i r
BRafaft cliondd i MEHER s E et B Peari gfidieRal possesses
churbotéeistios for endibitsr pfopaetidsy thatnatexdesifable tileconventional phase
crystalline and anpr phous phases Sfor opti cal .
g dhediay cﬁf?“NﬁPE“?fP?é wagﬁ?ﬂ% fedigo@ndagsr Weduas ) conventional

' - ali | i ' .
BeBReF-Aghelii a4, o oo R BRAPRSBEGRALen prcoring to the
reeghirarments wafestapdande netiding sandeggarding aquipotenépyo( achieve this

facilitagrin er pendi cul ar netic recording), I
itores e SoRERREES o8 R JTHER GoRehS | RonhigmaRal can be
SEepRadsGdH Biat Rk SEUniSitite Maldrisl (IMIISHRESS leddt @PRN physical state
saturation magneti zation. Desirabl echaracteristics in

selaelgdciromoptarysiplline ctates w61 aaesPhotsafatRRgsa partial crystaliine

C u i1 ri
SHUCHHE SPGBl B, RRABHAY L aiso bo
$eloptedasuchethéf the omdpasitd atztérialyexitsits divfeterd eleginoal; inagnetic,
@%gg ﬂé&‘étaﬁ’lfg@&?ﬁf %Ig\élt %gt&nai gt{)rg;a,re]?tiecs:u ra% eegc%mc))? rs%w ra% least one
physical state.

[040] Desirable characteristics in a phase change optical media includes
different refractive indexes for the crystalline and amorphous phases (for optical
contrast), low melting point (for low laser power), high crystallization speed and
good amorphous stability. Desirable characteristics in a magnetic media includes
perpendicular magnetic anisotropy (for facilitating perpendicular magnetic”
recording), small grain size, high perpendicular. coercivity, high perpendicular
anisotropy, high squareness, proper saturation magnetization. Desirable

10



per pendi cul ar nmagnetic ani sotropy, chem cal stability
(for constant material's properties under repeated

wheavionger ool i ng) and high coercivity at room PCT/SG2005/000357
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tenperature (for nedia stability, accidental data |oss

BR&NRIHrsA8s in é‘?ﬁé’ér‘?@tﬁiﬂp\ﬂcal' tﬁeeiéem@m@l@g'dmélﬁwrﬁﬂ&s structure (for
conponents of the material are selected to achi eve at

seeoth sudacs aﬂﬂedoamm@ nusideries da . dqqmsje systeme noise), suitable

d e h 0
PP LSS R e SRR SHRC I 188K pgr, i op o
guétivithatneane tihes Guriengtepisatucd alioe sty i aicoi‘dmgathreshold)
crystall | ne phase associ ated therew

REtReadicUIgT BIRENEYC ARISQIranY: sthephsale S%?Pﬂﬁ@fe(%’({{f tg%%s}tggt material's
BRSheflo@ "BRAKIC S BARY® REBAGICALRG) NHEUHER 2oBRIARA at room

e propert a sec e property.
Téreperatyrer(foranedia aalmhltyp aoqndexeztat daﬁaelsssipre\rermbe) Accordmgly, in

t | .shoul ble th d set.
T SemBAATIR  INSH BPTIPBECHS 56 TR SHSRtAL aif SHISCIT 4h Bchieve at
SRk %f{HL-{éE%\)%e%ro@%ﬂ ties, thereby enabling these

propergles to of representing recorded
informati on on the material. [042] In sone

dj t th t t t ;
-gengqjaﬁ y Frh Pﬁg :ejﬁ é 'J8¥e| 3:/ V@ﬂ?% Fha eééi(p(%gnwﬁnt and

?érr&rnégﬁ{&f@ Eoﬁ’lpﬁi‘ignﬁ/‘ﬁ?@z %eéémrlﬁhétﬁroﬁbﬁ% aiich ltﬁaﬂ ﬂfé resulting

range or 1c 10~7 ﬁ
phase J@mmwmtemlybaala mﬁyssteﬂlae ephasee aseerigtady thqrewnt a first

S A5 aly 3805 ) PhASh cRELOE Pt B AL phase

asd @ateaf thérdwithl 86sedondanbghetit pfcq:rerrgdam‘raosbm phase change
the coercivity of the material 1n the cr stall1
prepsasty. sTha prepaitionpelyeagh m@%ﬁntoliar%ﬁ %a@é&e“a' should

%h%b% n%tb%'ﬁ&i éé%hoggtgﬁéﬁgﬁ: ah ngawasénchaa ré brtles to be distinct

ange etic teri
anygsdifféreat irumtﬂ::ed"ra;thmt preperties, dhetebylﬁnatﬂlng|tbe$q/propertles to be

| to th h t t. |
TP nisBinasBins Ferday gnerprarsondes SRR i o "

repl ace the position of sone atoms of phase change
materials wi thoutdestroying crystal structure of phase

chaf@d2]mat &r sane. emiodiments.che resistivihe of salg| r@ﬁtﬂﬂtaé isggenerally
rraterlalsr a osit s qf sone.at

Uh g ahde o AET0 05 B 8 HEOHIEmeaih Oy Ch qLaT0 e at
%Wocsrt)ﬂ&)ué LEHELHE $ #{édr%rng@%r@@ bH@ichn & ;Péﬁ'tﬁimdf‘ﬂ:m P10 Qcm

replacenent 1S n a certain ran

<p< 1><10“2£20m at crystalline state. The resustlwty difference of said material
between the amorphous phase and the crystalline phase by at least about a
factor of 2 to 10%. In other preferred embodiments, the coercivity of the material
in the crystalline phase is at least about 1 Oersted, or in some cases, at least

about 40 Qersteds.

[043] In a further embodiment, the phase change magnetic material has
a crystal structure that is at least substantially similar to the phase change
material component. In this embodiment, the atoms of magnetic materials

replace the positon of some atoms of phase change materials without .
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repl acenent, these materials exhibit both phase change
ef fect and magnetic effect. [044] In a further

wepdodidrent , t he phase change nagnetic mat eri aPCTI862085/000357
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conposition of fornmula (1): A Xx By wherein A denotes

tdestrbging oomgtuit s@u@tgfmclﬁebhas§ cleiRjee initeeiaRNang the atoms of
change C rrr%onent x denotes the total atomc
e Rjementsaor mriedals replacexthe pasitionsnal someraiems of phase
r b
?“@f’o@é oRE T ToR 4 AR beP it SR BV, nfgyre under
Eivpseprizhargyewtia goatitionseard ithe replatehientdisi in Bocentdia range of
has f.erromagnet | c t A selected f

p9iefiSeft BreS TRae Al RIER AR ONASEGIIR origeraad magnetic
RFase change conponent B selected from Sb, Te, GeTe,
Sb2Te3 > GeSh, Sb Ore3Q inSbTe, Ag-In-Sb-Te and
Ge- Sb-Te. The chemical formula of conposite materials

f ol K8fiTng "t e mbaflent tROp IR Enaigpaaec matdral has
%o'ﬁbpgsﬁﬁmoffbhﬁ gb)es) FeGeSb, CoGeSb, Ni GeSb,
Fe(Sb70Te30) , 70Te30), Ni(Sb 70Te30) , FelnSbTe,

Col nSbTe, and N|InSbTe IIIA&Br;atwe exanpl es i ncl ude,
but awﬁnohllmtedto Cg6.3CG3i Sb7-1IT
e35. 536 Ge20.8 S b30.5Tedd. g, C02 .s Ge - -9

Sbh31. Alehbtesd the%rromadﬁétlb%o%pﬁh%nﬁ're% 5 Co 3-0
Ge-is.s S b30- -1 Te4d8.2 Cq 5 -16.9 S b3

t 6Te4B. denotes thesphasercha r\semnmr@m 3, 005.4 Ge-17.2 S
bgg ;S#%ﬁﬁges tﬁ%@%ﬁ%ﬂéé@gr%@%&e §{ﬂ gge"&ﬁsl"/s<'x<50 b, and

6CGei 5. 8Sb3 3. 6Te 45, Fe20-2 Ge2-i,s
.4, Feg.2 Gei6. 3 S b27-4 T e47-2 , Fe47Ge| dSS

bZS %451 Egﬁ‘ S n[é: iécﬁdéeﬁﬂ{f grefggége%ﬁ‘\god;r%é%sghg ﬁxﬂasé change

aféB_;nétlc lﬁateﬁaEag e‘éﬁméa mgfoﬁﬂéllBa (12 hae ﬁ_férrgtnza@nétI&%Bﬂrﬁbnent A
i > Fe

eglggten wom. au.nv of:éhs glements Go.cBe d-and e ajoy-E.Pg and a phase
E’F\gngfe @oﬁ&mﬁe@ %Zégréﬁt&ﬁ @rlﬁ) 98, FTq%_ ge*Te593 éTége §§S§ SbrTex,
B@btﬂ' e aAd-IFSh-Te Rnd2-Ge-SbeTel. J he Rhemical2 foBeuia of composite
gw%tér]l_eﬁg’ Ah‘av?ng‘ the formula (I) may be selected from one of the following
simplified chemical formula: Fe(SbaTes), Co(SbyTes), Ni(SbyTez), FeGeSb,
CoGeSb, NiGeSb, Fe(SbyTes), Co(SbroTeso), Ni(SbzTes), FelnSbTe,
ColnSbTe, and NilnSbTe. [llustrative examples include, but are not limited to,

: @?n&téﬁhe 36tab §&)41Qc$er@ﬁ§gé ofB! wherei® 5‘@%< v £ @9"/&34 6,

Cos.3 Gesr.1 Shar1Tesss, Coss Gens SbosTesss, Cozs Gerrg SbsraTeart, Coga
Ge1a3 ShazTesss, Coso Ge1ss Sbaos Tess2, Coso Gersg SbarsTesss Cors Gerrs
SbazoTesss, Cosa Gei72 SbzosTesss, CO20 Geirz SbaasTesrs, Cosg Geqrq
SbazsTesss, ' Cose Ge149 SbazaTesr1, Co101 Ge144SbassTess, Coz1 Gei7z
Sbaz.1Tesss, Cos56Ge158SbaseTess, Fen2 Ge215 Sbisg Tesr4, Fegz Gess Sbyra
Tesr2, Fes7 Geqgs Sbag1 Tesss, Fess Gess Shasz Tesss, Feir1 Gers Shasg

Tesr1, Ferp Ges7 Sbasz Tessa , Ferz Gesr Sbang Tesss, Fessa Plag Gezpp

.~ Tegs, Fesq Plao Gepss Terrq, Feaqr Ptss Gessg Tezsa, Ferq Plaz Gepss Tesr,

12



[046] In a further enbodi nent, the phase change
magnetic material has a conposition of fornmula (I1): A

wOo2@7946Z62 wherein A denotes a ferromagnetic CRPOPSGENS/N00357
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B denotes a phase change conponent; C denotes a

PSR ST ERTPR S TS ES AISGS o, Fou

atomc perc a

d@ﬁsstzeﬁesrz heartdof ey, Rib o Begs.pTepantRegPolGBe, Megi i n 40%
<y < 98% and z denotes the total atom c percentage

of C, wherein 1% <y < 20% [047] In one presently
pr ef[ﬁﬂBFd %’@ﬂ.lrfﬁé‘ﬂbmﬁ&lﬁm@ﬁﬂ%ﬁ? %@E%h@ﬁ@@%é&\e’uc material has

mat eri al as defined in formul

f@pepagiieniof faroiwdbnt A sel ected from any of the

el ements Co, Fe Ni and the,a 15Jr Fe-Pt, and a phase
change conponent B sel ecte/é brMZSh, Te, CeTe, Sb2Te3,
GeSb, @heiee30, I nSbTe, Ag-In-Sb-Te and Ge-Sb-Te. The
third conponent C is selected from MAs, MGa, WMSb,
and Nﬁdenmﬁ@f@g@mme&ﬁ@ommwt esently preferred

corrpo rmula (I1) are
prese y pregeb@%ﬁ%yw &?'& ’orm one of the
f ol | owg dgnotespomanganésd E6mBdaRd cofponbnTe3) , N (Sb
2Te3) , FeGeSb 1 CoGeSh, N GeSb, Fe(Sb 70Te30), Co(Sb

70Te3® deWtFSBhQOQ@B@IomICveSBﬂ'@geGaﬂ Aswiiereinrid < x < 40%, y

AerORE oo totah Bl B o AR 7Bl atincrot, 400 Sos $8%, and 2
o 33T

g i i 0 VPO

Cei 6.9 S b3-i 6Te46.5> L5 Ge-1 7-3 S b32-Qle -3, C
_ S b30. 5
pao 1Ty '” E"aSPée%ﬂLWﬂre@H?ﬂ ﬁ@ﬁ%@en@ozthe phase change

(ﬁ@aér'ﬂet% ﬁatb’i%l ‘élsTdéTﬂ'\Ed in forﬁuﬁa (I Ohés @ﬁer%nﬁ@é@%ﬁonent A
ss@sct%fremra@y% the IE&EFQQDQ @)eEe Nl an;i the all\oFs-Rid ahd4 phase
B Py S 5, T G T S Ton
Hed T &eAdOn-Sh P8 . andl Ge-8B-Te.) Thd-¢hitd -0Bnfponkend-T iSselected from
BB WHCE, Mnsh coad W dogmponieisea and & of prossrlyeareferred
c@mBo%@eZmatbnal’é%a%mg’sﬂhe%rrﬁuf%\ (ﬁ)% g?reiébé{ﬁéep%ége‘}a%ﬁ%ong)med to
fore) are ®f othet following S@nmdur@lzs Fe(SbEEes), G?I(Sbtm;’b( Ni(Bb,Tes),
%gés{e IeBaESh, CRGSL, PE(ShriTes) Ca(Shrotemny), > Ni(SbroTes),
FelnSbTe, ColnSbTe, and NilnSbTe. lllustrative examples include, but are not
limited to, Coes Gesr1 SbgriTesss, Coss Gezns SbaosTess, Cozs Gerre
Sba1gTesr1, Cop1 Gerss SbasTesss, Coszo Gerss Sbaps Tesss, Coso Gerso
Sba1eTesss, Cots Getrs ShagTesss, Coss Gerrz SbaosTesss, Cono Gerrz
SbazsTeszs, Cosg Ge17.1 SbspaTesss, Coss Gesg SbazaTesrs, Coroy
Ge14.4SbassTesns, Cox1 G172 ShoriTesss, Cos6Ge158SbaseTess, Fesna Geprs
Sbieo Tesrs, Feor Geres Sbarg Tesrz, Fesr Gergs Sbogs Tesss, Fess Gerss
Sbas.2 Tesss Fer1.1 Gerg Sbasg Tesrs, Fero Gersy Sbasa Tess.2, Fera Gerar Sbazg
Tess2, Fezsa Plaza Gesoo Teos, Fest Plaz Gesss Tezrs, Feat Plss Gegao Tessa,
Fe1.1 Pta7 Geess Tesro, Fesas Ptr.s Gesos Tezss, Feso Plss Gesos Tegss, Ferq Pty
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Fei.oPt2.0Ge 62.iTe 34.g . [048] It would be

understood by a person skilled in the art that the
w@b@agmeiohmnge magnetic material of the inventiPCI/SGN0HR00357

‘used in conjunction with any suitable type of ,

cond mater i alykno in e artezWhi ai i n
?&"P-’taﬁ;eﬁbﬂi ,e4ﬁhanté‘? c\#z}’r?@% ﬁtaéﬁ%m‘:aeégessz'ﬁenor5f/’2 Téfre, and
FRCRAMGEpuiTess, magnetic random access nenmory ( MRAM

devices, solid state nenory devi ces, sensor devices,
| ogi cal devices, cognitive devices, artificial neuron

het xﬂ’ié‘] aﬂgv&ﬂwg%ou%é%ﬁt%bﬁ 1f a bBRsoMBdI@ilddeih tRE drhtPat the phase

i nventi'on. Secondary material’s include dyes for _
5 ichpnge inmagetic| reateirial 0f thes inventiorican heouséth iy cepjunction with any

R 8 i LR e T A, bREh 88 ot
gﬁécﬁg} $hh8e Mhai RircRih idbdels mBhRIrY APCRARI) Rdwdces, magnetic

ange conponent  and the ferronmagnetic conponent nay
wangon santess rmemennYIBAM) devees.dsali stateamamenypiqvices, sensor

ratio ich allows the atons .t he [ er

B o6l A Sis, "R e ARAERS L faBh hbfhork, and
10 WethGoHdUckss! &f e hintédial GluiRd #iviehibn.cBaogredary materials include

crystal structure of the phase change material Man

yelofhy impraving aeflectivily, tsrerifigial eaatingst fqrh@r?,\fgggiég moisture

R ERI < o honogencous. conpos: te marerial

to be fornmed and can thus be used herein, include

vapdP48opodn oFdar POVESH PhRse FARm SHEEY aHLAASLRtC effects o be
15 % fdited'ﬁﬂt@\!e %Fég@ Cth%mﬁg%ﬁﬁgoﬁ%ﬁéhf A8 the Feffomagnetic

coating, nolecular 'bea . E), topseeded ) )
Toimpcrzmt gnayvbl, prekentninl ther ewténial, accatdingnterd stitghle 4atio which

[ I t al h, [ 05 I [
BV anier AR Y ShE B ot 87k BB, BE°GUhEEL tne prese
alplambE OmhaBeridl Y WitRe Gt réstitie Shsanyr fftetaitlay , ciamge in the crystal
material is synthesised via | aser synthe

! is. In th :
Gchie of e dhesesehNge eweNah Mat TbAGY P Sulable for the
S v . . . .

20 SYFVBE b BBl PoSHE HPRREL TR AP Bfton. vamols of
Whethods twisichverrdbdpe hgmolgeseausceaposite nobtetied to rbe fsmed and
term"l aser synthesis". ,Laser thesis.is carried. out :
AN Bye rbepwe_,%geqql% qudg%qﬁt}f@ rsggggn?%alﬂg é)?éjnn%lf chemical
%@gf{ﬁgﬁoﬁﬁﬁm%ﬁmx Rh8adlehhbgéd adifeneENtepopnintetal organic
chemical vapor deposition, spin coating, molecular beam epitaxy (MBE), top-

25 seeded solution: growth, thermal pressing, vacuum melting, and conventional

crystal growth.

[050] In one embodiment, the material of the invention is synthesized by

laser ablation or by laser synthesis. Preferably, the material is synthesised via

30 laser synthesis. In the context of the present invention, the method of synthesis
involving dual-beam laser ablation of different targets for synthesizing new
materials within the overlapping plasma area is included in the term ‘laser
synthesis”. Laser synthesis is carried out by laser pulses from an excimer laser
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mounts. By positioning the mounts such that the plunes
emtted fromthe precursors overlap at |east

w@20vioad7by, a substrate can be positioned w t hPCT/SG2085/000357
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over | appi ng region so that a honogeneous filmcan be

&géﬁg F‘h%';S%%HQSEEIt S ror?:%%uﬁl%’c%ﬁé}% %ﬁ% b% %éd onto rotating
Hecfhtd. 389, p8§@t§amg[tﬂél}ndLmtﬁrwchethasmechumdse emltted from the

invention relates to a t I di di
PERBIePisgoYeifedr Alaleash pgggaﬁlylr ,Cagwﬁl%s%@?r H;Igglg ge H)glﬁ*,g@neg within this

BREfGRs fig LR, 8 (8P4 hFogENius AP KoR 08 (S Wereon. Thi

\pi‘@crd edhLmeSielldésmww ifat ezammiphes,tisy Sonb etealnéhppl. EhyscA. Vol. 79 p
and phase_change effect. The design of an optical disc
é@"f@ﬂ@f’z@@é thod of manufacturing an optical disc

are known to the person of average skill in the art

and described for exanple, in US Patent 6,469, 977.

Act [@51] nplirerenotheri aspeadf ﬂwdhvemloﬂpfeléf@rs i ep epiigalqecording

VD- RAM
GRRHE T5h EBUURE SAEne foBPLUad | e PlgRRghpds, magneti
‘P‘hét@rlgpl Qi Xterri%Poé&hBﬁste%[ phaded @Hiﬁngéll component and a

recording, multi layer optical recordin
feiroinagaets comp@nenh gvherein 1seish material %@wts beth Ataghstic effect

S A G e L LS g ot o
'(rﬁ&ﬂukf%p@tdnhg diSGptical Bldasrenangety ﬂr@otmrsan @essemgmm in the art

devi ces, magneti ¢ random access

caevdi desgribed) for exemple. ri % Palent 8469, Qignggaw%iémﬂ?&%%"a’ﬂons of
28R o e 4N EDRYAEBYERRAN NOYB. hw'ed)vaw Blu-ray,

VI ce, 'sem con ctors. In
&QDWDusreextargenafatmatprodrua:tscof dopt@ahedismn nml lmgwa@scs with
t.he mat.eri al

f"m{@’{gbgm gorghgry 81:1%1 laqg n%’hﬁ'HHb q%g%&tlcal recording
'%{OeHLﬁﬂl VR ?ééd?&hgclﬁé/\ﬁé %bbhﬁﬂepﬁﬂﬁ@c’t%f mtemﬁorssbam in recent

During recording procedure, a | aser selective r?/
nears @rtle@"suws of ribe oplaassy ChpRER rpagg%tm majefigk according to the

|0£|| %ﬁ.‘gga&u%\/gs pﬂ*? Rﬁ'&@éec gr%]nﬁﬂﬂﬁﬁﬁbéss memory (PCRAM)

or crystal

tcﬁmﬁisamg@xetﬁhawdmh elcicebs miameﬂyt(MR/élIdk)l devicsegsmitt $tate memory
frozenl by qui ckl gelcool

siepdies, isepser devige poical AReSse C?%{'%PMWSESW?%A%V‘*' device,
| et Betch ! SIS mitohButfapd. of the crystalline

[052] In actual use, an information recording medium which has a
recording layer comprising the material of the invention is provided with the
phase change magnetic material in either crystalline phase or in amorphous
phase. During recording procedure, a laser selectively heats areas of a
recording track present in the optical disc above the phase change magnetic
material's melting point or crystallization temperature. The material is melted and
subsequently ‘frozen’ by quickly cooling the layer or is crystallized. The
reflectance of the amorphous areas is much different with that of the crystalline’

areas which, during readout, gives rise to a sig‘nal similar to that produced from
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areas which, during readout, gives rise to a signal
simlar to that produced fronthe pits and | ands of a

woTYe di sc. The change in optical reflectaPCESGZ05/000357
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be used to represent stored data on the recording

TG AR QLRI LI 4REITAL ARo0% BRI ERbdRince can be

g@@hutcatepnesémetcbred eJat@oh e rexfording mediandiAngew averwriting signal
eam Dur i overwite so anor phous areas. aj on

6400 TRFRIRB( FrdndAT RESKY g%%ﬂfﬁ?&élqa% l)y MbdiSiing the
fﬁ%@?&ddt@ﬂ FetHRw éd?)‘?dlﬂ?' [B5&9bEANN DK ob@:%rliées@rﬁ“leaamorphous

ocussed | aser’ beam The material is - ocal 'y heat ed
ardasnplengtthe dravk appretunadtte the wrystelinetihaseedyt an@eahng below

]‘}E{ E]tﬂjﬁ?f&i 5?1 tﬁ% ’tlhlgf’@éelr 8{@ f§§[ﬁ) %tl S&r Lgéma 158 WAbRal is locally

he&teds k@l & 't%ﬁ’fde‘?@tur@'dﬂ bgbidmméw tfétmbﬁl {rehenditisRspoint and
are converted to the anorphous phase by heating above

ctystaﬂssanongtemanature fieina esiabnretgntien disae in pederaposasty out re-

R S P BB 9 ElrR e ark ARG IA T maronous

bRasd byHERtiRg HfovRrthbenelihy pointstfen qoénchifg agriiseribed above.
usi ng phase change magnetic material of the invention

dhis prasesseanekre repealed weveraihensand Haieswper disenter rewritable
BBt B e ol AR 2018 RES B BARKIRL Yho modi
Li8Pg] priiset dtearg@nmaghetic mabetal tdighetwenitiah dah also be made to be
reversi bly changed between 3 ?hous @ (?ra ¥St aH&lf "
writfeas onede f rPégWé'?‘? OnfiSofBedIRe OT of0CRlCG R ITRYQrdpblgr medlia’, the
g@gg@%m& of e Qs eaf %%nﬁ%k%rfs‘ﬂé\ﬂﬁ@@r bRfAMssuLf the

ural ange. Thus IS structural change can be
detected by measuring the readout signal associated

r ea gﬁgf%e??rdﬁw et e ﬁeblﬁ? e(gh?gsf re&g&ﬁll) w:le‘laﬁagd between

amdrﬁﬁdaug aﬁa ReyAAIfRe %l"aﬁ@ﬂethaﬂﬁa@ﬁétnﬁbrdpe@ﬁwl@ﬁhesmatenal of the
detected at the sane tinme and at the sane

reestian rig C@ér@§pt>9d|aahr ehangedr aﬁeat&e phihe ﬁffPPtUb% Change Thus,
h
U SR Pl RSN, ¥ et oof RBSUIRY, e FBlbut signa

bes@tﬂatedt with tﬁe rchiange natraagaetlmprdme“uemvémallp nLhebr@tauout signal

borudhecontrhgton orBsE Feted fel T, coapaR Ugnd Magneti
Ehgﬁ@é lf"aege&BS ey Qeﬁ*\@ fih%saha étnﬂ\edééﬁet Eéiﬁ@f'ﬁﬁe recording

e Increased. [0 In utilising
dagsllsy and piatmb’ansfes rate wil é)enlat:@aS@Id Feb ﬁoemnt@nmal phase change

ngglalg{stﬁg dpglrcp[ %%8%0@18\% t%roﬂw W?egﬂ%tgrl&péérf Bk detected.

For the material of the invention, both the optical reflectance change and
magnetic change can be detected at the same time and at the same point

(location). The recording density and data transfer rate will be increased.

[054] In utilising the magnetic properties of the material, conventional
methods used for reading and writing magneto-optical discs can be carried out.
For example, during reading, a laser projects a beam on the disk and the
changes in the polarisation of reflected light is interpreted as binary data. The.
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For exanple, during reading, a |aser projects a beam
on the disk and the changes in the pol arisation of

wo edo7eed7ed |ight is interpreted as bi nary dat aPCT/SG2005/000357
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Thereflected light varies according to the magnetic

B8l B8 Aol 1 M ARG b b o oo, The
e et ol ke riron kg Tt on e
sHgAte poine Aiskiinsniker ativet) Bra BeRG Chpalized ligidis shens on tne
%g#fﬁéegdlttg%ingh}&%ﬁ%é(tidr?éﬁthteht%ﬂeétbd e }Mﬁﬁgbﬁgé $lightly (typically

magnet| zed surface.
tesgn éhare at°),oprovided vitrise tgflectas dtemga megnstiaed zsurfage. If the

,S;t,l %ﬁgz?%qﬂﬂa@gr'es%fghﬁ oﬂ"eev rﬁgdﬁiﬂ&%ﬁ?%kﬁpr@éﬁ? %%'glés % reversed
a8lwelll ThEGhagh&Rd!drels - pitse c@lgﬁmgse s8efliif %ddlmirgwi’ but only in

magneti zati on can be associated with nunbers 0 o : ]
phiasized llighi. Tdhe ehangeoisadjeection isif magnetization paniheyassociated with

%ﬁ&\%%g% @? raf ,h'tg\bllsit%llawgge Ongéar?s)éﬁr ﬁf] %&entar}sé %éen[glgl{ihiﬁea&ording, the
ligﬁipséeém&@ dtfdryep i gt0kitecsP Heat Tthe smatdriisupiio the Curie point or

ectronmagnet positioned on the opposite site of the
dbepensatigrrigmperaiuredal angdiggst iS@ogoWbrs 2lowsnan gplgctromagnet

t he..pal ar | ' s .retai .
PhAuBRkE 7 b Bl SRELEP Bk P DALY S MRS magnetic
Roightiée ey Gidlpelriahtios teigined! wiyars seraperhturegarepsc This fact
recording to be carried out with relative

thajnte materales coprgsdy dopshat dughert twer%ﬁgégf%w thermally-
%Eé@{édzﬁ]{ '%tiefre'i:BF‘dilg@ttSr &l crhed Wi Wﬂ?%ﬁﬁiv@ﬁt g/gﬁk magnetic

netl zati on revers the structure the 1nve
fielderi al i s reversi bly changed between anor phous and
crystalline states, this change can be detected and a
refl ectance change is observed fromthe readout signa

becpysd of Atkhe! GhHatimeh e lidht iagzatioheofcrebinagetial changes
readout signal fromthe contribution of both the |ight

h

because of ithe roranefizating ersehl thee sirdeiusm dae dRvenjed ig@aterial is
: t] . .

381 e bBe ndshFo R Een ByRledind PRGRM s, s change can

tbeadsteeted alhd ol tdflebanice celemaed imobasenesi fiom Ebe readout signal
conventi gnal magpet o- opt i_cal di u only the light
DOPRITS, 81 SIMICENAN GoAge Kby e Gomidaed srageut Sghal from the

l‘éﬁgﬁ@hﬁgn oF bt e ﬁ@rﬁ?dléﬁlizé?ifont&%ﬂg’évﬁrﬁﬂ bPﬂealb@ﬂé’c‘téﬁ@e change

pol ari zati on nge and optical reflectance .
ihaletected 1dt the samectirod and tatetheas@mei peintllogation.t e recording

,%%pngitf %hagq@égﬁ@ﬁﬁ%%g ?gtien\%ﬂldgg Sh%r%aggg adsagaretsbﬁ.n%? 'conventional
magneto-optical medium, only the light polarization change by magnetic reverse
can be detected. For the material of the invention, both the light polarization
change and optical reflectance change will be detected at the same time and at
the same point. The recording density and data transfer rate is consequently

increased.
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i ncreased. EXAMPLE 1: Laser synthesis Synthesis

procedure [056] The schematic di agram of our |aser
wWGayWhesss systemis shown in foll ow ng Fi gur eP@L/862005/000357

The synthesis was carried out in chanber 8. A KrF

' $ the laser 10 was split into
eEXAWLEq'EESQF 3%% and were focuseg onto two
rotatlng targets 14 with two focus |enses 16, 18 and

rlfh & |g| f two reflectors 30. Two overl appi ng
%e@%@i@%@é@uced on substrate 20, respectively.
The 086" fTheeﬁﬁherﬁétl@a%rérﬂr&%uH lés %\}Wﬁﬁ@sug %s@?ﬁ' i€ shown in
J{H@ow@gThe targets were nounted at respect to

ted
st Y n ngsassﬁg:B %éﬁﬁgﬁ&em%ewHQWS%@g i‘%ﬁ%‘mwa splitter 12,
rand wese fosused oatd 8ed rétatng Pargbisels 'vﬂﬁleﬁ/voofd)‘ciagtl%%?s 16, 18 and
fog]ui agsj,l ens. A background pressure of

eFigveand(a). Fibengyrtth@&sawget&araed aouil Bt @hambef & A KrF

&l twpt teflgcions B9adivee wvariapping pélumes were produced on

t b, t room
ST S B 0 R0 r
10 tﬂ@nﬁaTHe/tﬂgamWér@fmé@ﬂ@@ dl%?@/ﬁtl’ﬁﬁes%ebtefbet‘h'etlbg& Bé’érﬁs Facing

of 10 Hz. After |aser synthesis, the materials wer

dbe targetsat a clinteremef Attar&ecmj eBbstrate 201wasonoemied<ﬁn a two-inch

SRS U B s " Sl APPSR o o st

ﬂasegeoatof thie swcunstmg Abng AewabR4roUhA! redstiR BftMR10° Torr was

rlap sma area i s terned aser synthesis'
E W@%ﬁo@‘ab‘?rﬁel%fﬁﬁcm&ﬂ@ 4nohlﬂdmﬂte@) thengrowth temperature
é‘fwfe%n F‘clo?ﬁttéﬁll'ﬁ%rathpe@nﬁr@od: ; r Seg&bgﬂée(gtrg%’[eﬂ?ls were

15
syntEeS|s are h y ener getic ev

Itmeallyagrcm/m dar mmemusalseé athar Pe;ieﬁﬁl@h Rt S65 1D0HZ, After laser

.on i kely to achieve congruent abl ation
?Xnt%P@@emﬁemé %‘%W@I‘ﬁe PQled fe repnitamperaturest er from
target to substrate, which makes conposition of new .
material easily controlled. Since |laser interaction

wi t P97ds- phn#he spotaxtofitherpraenty mveatitn, thmmdthdiwlfbf CﬁyntheSIS

20 RSt Eh oA A AT el B Sk
nreatgries l\mtbﬂh the BwsiApTong dl-dfia alas Ry tefrﬂneﬁn‘%e?%%fh‘e@%t’ In this
a as substrate position wthi
8\?2’??‘21 3? GLOMRAIANtS r Bgludig ratees; emoﬁqui;ﬁse eiegzb'oas ions and
" EMBRE %F.n@%lgrlglfts%gtg%@@ LR hiy herdint 8lagsantd generated by

new materi a

laser ablation. The use of short laser puises for ablation is more likely to achieve

25 congruent ablation to preserve stoichiometry during mass transfer from target to

substrate, which makes composition of new material easily controlled. Since

laser interaction with gas-phase species is relative weak, many kinds of reactive

gases can be input for material synthesis. It is flexible in tuning synthesized

elements and composition by varying target, laser fluence and input gas as well

30 as substrate position within the overlapping plasma area. A preferred single

crystal substrate can be chosen to lead to crystal growth of new materials. It can

also heat the substrate to high temperature to provide an appropriate

environment for new material synthesis. The method is inexpensive, simple and

18



al so heat the substrate to high tenperature to provide
an appropriate environnent for new material synthesis.

wab@7/et7bod | s | nexpensive, sinple andfast to PCT/SG2005/000357

10

15

synt hesi ze new materials. [058] According to the above

Eﬁ?&%ﬁhﬁﬁgwﬁ%@ﬁg's one target was selected from

er-'target was selected from
Ge2Sb2Te5 and GeTe. Three groups of phase change

Co2 e ToASATd. K5l S A i it vas
cosTestEt frém Pé, CBe F%m %rn'dabﬁoiﬁép%ggvyﬁq_ﬁelé%ldy 89; 8%,Sb,Tes

X-ray photoel ectron spectroscopy e Crys
sand, &ediee I higa groupalof phase cbgng@mag'ﬁwcnngnﬁalsqmere synthesized.

(DS} oRERBoR e hiTEs ot hne o dinBhBeofisystems. The

Pt %oﬁt‘@mgﬁ thetAaieAhlsS Hﬁu@édcﬁ&%béﬁsﬁsé@doﬁ%g photoelectron

ts anti magnetic property while phase
rﬁ@@pﬁ(@omm(&t’sgl S hef cryséah ﬁtruatumm werevvanatysmdc by XRD. The

e e e e R T PR oy

state exhibits stronger magnetic property than the

phase change magnetic material at anorphous state.
Thi JOPBHi c A Showay "’I*rd"g@wleﬁc%rt@p@dt i & convepticra phase change

Qfégﬁl TRBRCLA CGér%tbefé @(31*@ Fggﬁjtg g@@?%ﬁe %epré)perty while

ase change magret Fc

rphasesdtangepmgneﬁ(hmtéﬂalsab’ﬂméslhvéﬁmgghé\ﬁtMﬁgﬁe’uc property. In
hous and cwg Ilne phases i nduced by a

ansgn, gashg HERGE ardjRBe the FH%RS@r(Pfhang@dBagmtngmatenal
0 oty SRS SEE AT g e e
dnagretienmatspial ataamprpjm:ststate Erdaﬁsx\melrcadaemﬂm onesgrmstid properties of

* R et BRBRER, FlebLiyBnd Wity 3stEle, £rBHGR of Phase change

- eoagasticngatdnial.el ectrical resistivity of convent| onal

20

25
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phase change material and the phase change nagnetic
mat eri al accordi ng to one enbodi nent of the present

| narosdics Flgfie BRI XTOR hind irifuss shanag etween
enzorgbous garet |ccysrhalhmas iptaseshinduted ebyata welse llasagefor the phase

Ehand® SRESDRYE, Seferel SobiraManioS SheanaaRinophimc the  prosent

a@ngen. It indicates that the phase change magnetic material has different
optical properties between amorphous and crystalline phases, which is similar
with phase change material.

[061] Figure 5 shows a table of data comparing the electrical resistivity of
conventional phase change material and the phase change magnetic material
according to one embodiment of the present invention at amorphous and
crystalline states. It indicates both the phase change material and the phase
change magnetic material exhibit relatively large differences in electric properties
between amorphous state and crystalline state. This means that phase change

magnetic material has a similar electric property with conventional phase change
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magnetic material has a simlar electric property wth
conventi onal phase changematerial. [062] In sunmary,

w@b@agmeiohmnge magnetic material s of the i nvent PORSGNS/000357

| E%EH WresOlsy) Sare
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only display characteristics of conventional phase
changgaimat eri al s, but al so magnetic properties and
characteristics of nmagnetic sem conductor material s.
[063] Figure 6a shows the XRD profile characterising

th t al t f | . ) . .

05 B0, e e et s e invertion o

f oglyr displalyecharbetetislicse shicbhi&stiochay Phakbi ée al‘r%geﬁéré{sbut also
e or a

confirmng the exi stence of a crystalline phas

F@ﬁ@é‘-e@% P?%OGJS&%% andl sharastesistiesi obmagoetio semivonanatoy siaterials.
of the peak position identified that the crystal
structure of the synthesised Fe4.4Gel4. 8Sb34. 2Te46. 6

to bi96s]ni | Bigute Gdestwwstie NRDCprife OBh&RRIRIRP the crystal
4], The secong% éanpl e conprised a Fe-Pt-Ge-Te system
tanGRicoP Runlewe. ABsasyhea sran fom the figure, the

D [ . i . eveal ed t he .
CRBCH RS SSIAPD 5 BOFYTAT XS coan
FelRseHioT adteSk-Shelx8systei symtieesided H0860 1t QAﬁ(Bﬁ)alerﬁig of the peak

profile characterising the crystal structure of

Ranan A@eE@f?‘ﬁe té@@n tE‘?omeﬁ%Ea'XRQtr Belore | eof t Hbe  synthesised
ned .0 hi iy fi&m
PPerOTL ERAE R BE KRR B BRRIT sDe BERS SN,
system synt hesi sed at 300 OC. An analysis of the peak

poOSirhi i tified, that the crystal structure of the
synt[Pgaqsed L RCEPIY, .%@%@.Me@a?oﬁﬁftsé%ﬂeaﬁﬁf@m that was
téyatlt&i@ddala@brdiﬁ? Ui thé SftResik 0pRIcdBaRe dd 6rfb%§t above. XPS

experimental results shown in Figures b6a to 6D,

| [RME@lechathepnerrapesitiony e ofm it Bynthesieed alrsatesdak to be
td)i.bay | s t nge, materials
ST CRALE B PRV S50 LR ERAIEE B S e ey
syiichesi efethet sa@pke. phs sidnl be esggrahaii die IXRDI frofile, the material

Rt aliaR sk FRacertumiie b asianep st coaline phase
dov 4 FeePt-GeiTd HRtoRasAtdatIRT. An aﬁ(&l%é?é’ B the peak position

destroying/disrupting its crystal structur
THretidied that theccrisial stiteiureapf thehsyithesised FentFt pBeseTeqss to be

%E@i@%?ﬁé 8@3?3'%??%9? iotéteﬁi mlar crystal structure as

se chang€ nate & so magnetic effects
caused by the presence of magnetic atons in the

cry struct ure. EXAMPLE 2: nthesis by sputtering
synfd&i S E@g@ Q% the experlmentsaY results shown in Figures 6a to 6b, it

can be concluded that phase change magnetic materials have similar crystal
structures as phase change materials, or the phase change material compohent
used to synthesise it. One possible explanation for this property is that the atoms
of magnetic materials have replaced the atoms of phase change materials in the
unit cell of the phase change material, without destroying/disrupting its crystal
structure. Therefore, the new material exhibits not only phase change effects
due to its similar crystal structure as phase change material, but also magnetic
effects caused by the presence of magnetic atoms in the crystal structure.
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[066] Sputtering nmethod can be enployed to synthesize
the invented material. In our sputtering system
wae applieEe by Leybol d Vacuum and schemati cal |y PCT/SG2005/000357
il ustrated in figure 7(b), two DC sputtering cathodes
‘ des are installed and four

! MEREH G PRY e ed DOO1 and DCO2, and
the ot her are IabeI I ed RFO2 and RFO1, are physically

separat ed from each other. The positions of cathodes

ro 'Bargets in figure 7(b). The rotary

sub te r e |

t hel0 ¢ SRaRfl, ItRb8 e B CRpRhaH L sp R Size 1o Invented
5 Aatedahulrt emur48spuﬂe|rrng aa/rstem suppheﬂ | byl tl.@ybeldop‘éarcw and

ubs rate

% ose%gaﬁlydlﬁéstr n th targ&ézw?({r SPY ?ﬂ"?ﬂ:%ﬂt oﬂeg and two RF

H’ﬁ@és ar‘ér %rhr%Sarﬁpdeﬁ ta@eré)@sﬁwhrdht &retiBBelled DCO1
er at pressure and used as the sputtering

gad DGO@aemdo’dhasather ares labetied |E§1‘0ri’garad Rﬁﬂér a@phy@cawdseparated

d. .Th
t0aFach SeTh o aoatonRof AR dnd Pirdafici in fioure 7).
10 ?he%tér&esws@;@@@ lREf o r@ WdtBRchEEa ottt @O SAricethe Bubstrate

subStrate surface The thin filmof invented
~ haldenes placetabpmsatalibven then dargetss t Aapeeshyitipa i, ghich can be

SHP R G50 O} B R LB I P Bt hoder. The
sapstHHte! t=hgetdVanl drttel areplhded:ink va‘buninﬁi&hamlbeng@rgon gas 50 is
magneti ¢ con‘B05| te material exhi blm bot h gnet

irssesd e | AhaalrRfdows pregsiye ﬁ?é.ewg asrrsr’afeg@g gas. A
15 gagg)?%gﬁ?trysfr%k ﬁgfﬁ@ mﬁ?&%er%@rr% Eﬁﬁ "R ebd&omes ionized. The

conponen reln sal phase change rragnetl Cc
wovsparel dczelamated tavardss and d:xoyrmaads; ithfetqargaiswrﬁa;m theatarget atoms

Bl hikan o i e foarand gRRRSR dndfe SobthRls@RRe" The thin

hfh‘i‘rcﬁ‘\’\mwnt@dsr%@%ﬁél W@%thﬁeéf@ﬁﬁthé YoLdtrate HHCPAGSIng substrate
phase change property. 2. The ghase change magnetic

pader ithe aihed) r@rgﬁtland\megumg dhe shuttes 1 dying @apepgrammed time
20 gﬁét?&ﬁemg%omb%@&%&r operty each conprises at |east
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property selected fromelectrical resistivity, thernal
conductivity, light reflectivity, refractive index,

wa@baenpi7son coefficient, dielectric constant, BOTSG2005/000357
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thermal diffusion coefficient. 3. The phase change

ﬁ@%elg |C§ iggé!er_i al of CI aiml or 2, wherein s_ai d first
d magnetic property each conprises at

| east one property selected fromsaturation

magneti zation, coercive field, anisotro

opy fjeld, ,
uni hxPaPhase skangspynagsgtiacepwosite reagHighgehibiting both magnetic
magnet, [ SRR FM ol isirdir | € tenperature
and c%%gfﬁséa?\ﬁ %n ten@glg%{blﬁe. ’?Ohﬁﬂ'glﬁase change
magnet i ¢ mat @hiage ohargy wmaterial Graposerit, t and, a whesrasagnetic
said material exhibits at |east one physical state

sel ectRRfeRal AP al 1 i ne state, an anmorphous state

and a partiygler&hystal line state. 5. The phase change
magnetic materral of Claim4, wherein said materi al )
exhi bi t s distideplease eangermaghetimeamposits matariathies a crystalline

ol o ahopd aseOORED RN 2L 03l BREInsHpBhefE Slnih gust phase
magneichgng@bfsdetly, @hdqany one of Cdainms 1 to 5, wherein

said material in"the crystalline state has a _
coer ci vi t y aof amprppheast p associatesh thigewith arisecpndgragnetic

h i ' f. Cl ai 1 6,
whor SPRORAD 7t aerond Pra%t e RgeE AR A 15 in the
range of 1c 10° 3Wm< p < 1c 103 Wm at anor phous

state_and in the range of 1c 10"4Wm< p < 1lc 10"1Wm

at 2r yéeaphasechangeanagnetic materahafiGlaim 15 wherels said first and
sai d I e S t

crysta f“.er?eeaé?gt‘té el ﬁggﬁﬁé?ﬁéﬁ%ﬁgn?%@e&oﬁa lgs%%%{olga St_ one
8. Therphabe seleatek frvay reéddticatatesistisity, ofheampl cnedudtivity, light

Cl ai ns to. 7, erein said phase change. material, .

comoRelRCt e ect e ek s R CBCial Slsiaire cgpstant,
G oup ghifBhelnVa difilikion c¥efcht.t he Periodic Table. 9.

The phase change nagnetic nmaterial of Claim8, wherein

t he phase change naterial conponent is an el enent

;e' %gﬁ‘?-%béﬁa%l@ é@g%gﬁgaggt?@ @aa‘ctéllllér]]%fgglal-ﬁ%l 6t 2,SfiherBth said first
and said second magnetic property each comprises at least one
property selected from saturation magnetization, coercive field,
anisotropy field, uniaxial anisotropy, squareness, remanence
magnetization, saturation induction, Curie temperature and

compensation temperature.

4. The phase change magnetic material of any one of Claims 1 fo 3,
wherein said material exhibits at least one physical state selected from

a crystalline state, an amorphous state and a partial crystalline state.

5. The phase change magnetic material of Claim 4, wherein said material
exhibits different electrical, magnetic, thermal, crystallization, and optical

properties at each of said at least one physical state.
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10. The phase change magnetic material of Claim8 or
9, wherein the phase change conponent conprises a

webaroegeni de all oy. 11 . The phase change nagnB€T/6G2005/000357
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material of O aim 10, wherein the chal cogenide all oy

Is selected fromthe group consisting of the follow ng
systens: CGe-Te, Sb-Te, Sn-Te, Sb-Se, In-Se, Ge-Sb-Te,

Pt -8 The, phase Shafge magiaiticTeatdualGef Zny e 8b-Aleims 1 to 5,
Sn- Te- - Te- - Se: Ti

Go- ToWRBTeiBFLmalens! Tedhe DRI SEle Fse Sl of at least
CGe- Sbxyh8uiSe Ochslelg- Sb- Te and mi xtures thereof. 12. The
phase change nmagnetic nmaterial of Caim1ll, wherein

t he chal cogeni de all oy conprises a system having a

f | ect f h i St f .
corBnanesoearsporndS Tbdiost Mo g BbY WheGiot Glaims 1 to 6,
AgS| NHPREEMaROrestSR Aty oﬁ@&fﬂ%a’teﬂ@?ﬁiﬁ&ﬂe%ﬁ@e of 1x10°Qcem <
GeSbland Sb2Te3 GeTe.” 13. The phase change magnet i C,

mat er ipad1>ci0® @r;mamamdrpm)m gtatd and i the remgeadfr 44 *@cm < p <
ferrormgﬁtlc mat eri al onent is selected fraomthe
S

gr oup 1&dfss2e0m ﬁbcwstaﬂg\e gtgte, the resisivity sbiferepgepf said material
TOFeCRLARIER The SHEBHBS UEKe 18 s 358 UG n the

V\herelmggs-aﬂudemtqulmje has a conposition of fornula
(I): AXx By wherein A denotes the ferromagnetic

mat eri al conponent; B denotes the, phase change

mat gr t

e £ £ e AN Bhal By oberd cigms 1 (o 7
t he t etrareiatsaid phase change enaiérid Gﬂmment BOMptisps 4t least one
99%1 h chapge LC t erial..of -an

0% Hiraned 58 ol RS Y VL SPFbiaBh e Favle

(I'): Ax ByCz wherein A denotes a ferromagnetic

conponent ;
. The phase change magnetic material of Claim 8, wherein the phase

change material component is an element selected from the group
consisting of Te, S, Se, Po, P, As, Sb, Bi, Ge, Sn, Pb, Ga, In, and Ti.

10.The phase change magnetic material of Claim 8 or 9, wherein the phase

change component comprises a chalcogenide alloy.

11.The phase change magnetic material of Claim 10, wherein the

chalcogenide alloy is selected from the group consisting of the following

systems: Ge-Te, Sb-Te, Sn-Te, Sb-Se, In-Se, Ge-Sb-Te, Pt-Ge-Te, In-

Sb-Te, As-Sb-Te, As-Ge-Te, Se-Sb-Te, Sn-Te-Se, Ge-Te-Sn, Sb-Se-Bi,

. Ga-Te-Se, In-Se-Ti, Ge-Te-Ti, Ge-Te-Sn-O, Ge-Te-Sn-Au, Ge-Te-Sn-
Pd, Ge-Sb-Te-Se, Ag-In-Sb-Te and mixtures thereof.

12.The phase change magnetic material of Claim 11, wherein the
chalcogenide alloy comprises a system having a formula selected from
the group consisting of GeySh,Tes, GeSbsTes, GeSbsTes, GeSbsTer,
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B denotes the phase change conponent; C denotes a
manganese conpound conponent; X denotes the total

wa@r@miogs7per cent age of A, wherein 1% < x < 40% PET/SG2005/000357

denotes the total atom c percentage of B vvherei n 40%

<y < ff%Tend n‘?s@bg t t g

of C, \j\*%erelg % 61@%&9‘%%? %Qe has %ée"ltea %eSb and
magnet S&2hex-Gellal of Claim 14 or 15, wher e| nA i s

selected fromthe group consisting of Co, Fe Ni and

Fe-Pt, and B is selected fromthe group concsisting of

Ge- 8. The [SheasbechAmRd @&E%a@?@@@% &he 13e

Te and A I.n- Sb- Te hase changg magne3?a§ﬁs 11012,
mat er i WNEERN 7 d’ﬁ@omfagasw rf’ﬁatﬁlllal componest ¢ tsetectedritom the

o3, o B ORI G B, O 8, PPk COR) %chg,jqéepo GdFeCo,
C06. 1 GeCrPtB,E£dPTE46.5, Co 3-0 Ge-i8.5 S b 30- |

48.2, Cg 5.0 Gei6.9 S b3i.6Ted6. 5, ColSGel?SS
p32.9Te48.3 , Cq 5.4 CGel 7- S b30.5Te46.9, Co -0

oo - Tod Ofite bl mddiohs ity br 350608 of S8 1 10 15,

10 4. 6Te whein @ﬂﬁnate@el Rds 2 cOnpdsitionles fdfnbla (Do5- 6 Ce- |

15
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5-8S b33-6T e45 , Fe20.2 e2 - S b 16-9 T edl -4 , Fe
9-2 Ge 16-3 S b27.4 T e47.2 , Fe4-7 Gei 8.5 S b28- i T
e48-6 , Fed-4 Ge-1 4-8 S b34; 2T €46.6 , Fe-i-i.-i
Gei6 S b25.g T e47-1 , Fe-1 -0 &-1s -7 S b35-2 T
e48-2 > Fe 7 2 Ge 14-7 S b32.9 T e45-2 , Fe28-2 Pt32-4
G e30-0. T & , Fe4-1 Pt4-2 Ge64-5 T e27.i , Fe2-1
Pt 5-5 E%é%‘g T e28.4 , Fei.i Pt2-7 Ge64-3 T e3 1.g ,

Fe4-6 ﬂeﬁo&s@é@eﬁorﬁa@ﬁ&h@maté?ﬁa’i oBrfPon@n;e59. 6 T
e28-6 Fe-1 -1 e3l-1 Fe4-8 P b Ge

58-2 1B dgpotes thﬁeqh@sa:@@r&ecmsmrgl Teapodent; and

e A1 R 56 S 35mis & e el WKL o T R 504, an
si ni | ay derotes @H\e taLbMIEpSicehRRSBIE 'WidrelrS56d, < y%sgg%

substantially sinilar to the phase change nateria
component. 19. The phase change magnetic material of

. Wh ' | f
h 18T RrEeE FBnhe RabReirt RABLR, M Solite 5ELCils 10 13
| east hmvingah complsitioa dfiascuigityige material conponent
and at | east

AByC:
wherein
A denotes a ferromagnetic component;
B denotes the phase change component;

C denotes a manganese compound component;

x denotes the total atomic percentage of A, wherein 1% < x < 40%,

y denotes the total atomic percentage of B, wherein 40% <y < 98%,

and

z denotes the total atomic percentage of C, wherein 1% <y < 20%.

16.The phase change magnetic material of Claim 14 or 15, wherein
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one atom of the magnetic material conponent. 20. The
phase change magnetic material of any one of Clains 1

W 20019467¢herein said material is synthesized bRCESG2005/000357

10

15

20

25

30

met hod sel ected fromlaser ablation, |aser synthesis,
sputteri pgs sl %hﬂ%e BEP:E lsﬁ 8f Cgepé’%llta'nBrFe-Pt
(CVD) 1 plasnma enhanced c enl ca metal organic
chem cal a@€por deposition, spin coatl ng, nol ecul ar

e <0t Bk ABFEBT e Tl SASSEEHS b P T ee cosn

of thelnSbEeseSbiba'egd?S@Qéﬁ@lﬁT@&llﬁiA@ilniﬁb-ﬁéy one of
Claims 1 to 20 in a device selected from opti cal

nmedi a, phase change random access nenory (PCRAM

devijeepne ?ﬂgggtdh%nbgew @ﬁ&&cﬁﬁe@ Yy yﬁé"@f gﬁl@% %% to 16,

solid sta menor SENS.or devi’ces

devi caelecﬂedlffomlmle gmuponommswy lof CogNGesye Y |{TRSs, Cosg
threeo(laevel §B ntrol device, SOC device and

seni cdApatet SP®sTomion i EemangRs ket i €00 MRsh t%b33T846 5

mat er i f ca d| ag has

access@d)rrermquge%% &%2{ ?Jl-keavgzte sﬁagrﬁ??cgpﬁﬁ %{530 %8173
menor YSlfh/EPd4s 3 d @m@e@,&-&@lﬂbﬂo §Tfei§ & Qeapr@egev Sb@z%TeM g, Cosg
sensor, devi i ve devjces

| d
artifiGean ﬁ&zrﬂﬁg‘wg@% Velﬂgee Z’%Jspglg)%avg,d&ﬂwm GRignPhasisT 0.0,
dovi 0,205 €y, A, SCTLEROBNSEBLTeTE) FFIRLeLHRls Sbias

conpri si ng as€ change na nén
ferr oﬁEﬁgnet Feo. fréiaass sbocohponerites. W‘Be’(sesl BbpaiTtses , Fess Geys

ChanoStoef dbies » Bafia Com Phspe Testor Ging Giar lraTess  Fera
recor dbég ;1SH;95 Mald PNFesa pt3§‘?@éé§'ber r HPf ||:$g4qg:>t§2 BRRE Teors

change mat eri al conponent and omagneti c
mat er iF821 EdnpEet | Sasher@in Plz7 Gesss Tearo , Fess Ptrs Gesos Tessss

Feso Pls.s Gesos Tezss , Fer.1 Pti.1 Gesos Tesr1 , Fess Plas Gessa Tesos,

Feq2 Ptos Gessz Tesro , and Feq Pt 0Gega.1 T340

18.The phase change magnetic material of any one of Claims 1 to 17,
wherein the similar crystal structure of the material is at least
substantially similar to the phase change material component.

19.The phase change magnetic material of any one of Claims 1 to 18,
wherein the unit cell of the crystal structure of the material comprises at
least one atom of the phase change material component and at least
one atom of the magnetic material component.

20.The phase change magnetic material of any one of Claims 1 to 19,
wherein said material is synthesized by a method selected from laser
ablation, laser synthesis, sputtering, ion pléting, chemical vapor
deposition (CVD), plasma enhanced chemical vapor, metal organic
chemical vapor deposition, spin coating, molecular beam epitaxy, top-
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sai d phase change magnetic conposite material has a
crystalline phase associated therewith a first

wore@mnesdzeo property and a first phase change prPEEBG3005/000357
and an anor phous phase associated therewith a second :

magnet &P BAHYn JRSvit, SRS p?@?s?ﬁg,c\%%rﬁ%ﬁ'l Pr{ecfﬁned,te}/nd crystal
growth.

21.Use of the phase change magnetic material of any one of Claims 1 to
5 20 in a device selected from optical media, phase change random
access memory (PCRAM) devices, magnetic random access memory
(MRAM) devices, solid state memory devices, sensor devices, logical
devices, artificial neuron network, cognitive devices, three level device,
control device, SOC device and semiconductors.
10
22.A phase change magnetic composite material for use in optical media,
phase ch.ange random access memory (PCRAM) devices, magnetic
random access memory (MRAM) devices, solid state memory devices,
sensor devices, logical devices, cognitive devices, artificial neuron
15 network, three level device, control device, SOC device, and
semiconductors, said material, comprising:
a phase change material corﬁponent, and a ferromagnetic
material component,
wherein
20 said material exhibits both magnetic effects and phase change

effects.

23.An optical recording medium for recording information, said medium
comprising
25 a phase change material component, and a ferromagnetic
material component,
wherein
said phase change magnetic composite material has
a crystalline phase associated therewith a first magnetic property
30 and a first phase change property, and
an amorphous phase associated therewith a second magnetic

property and a second phase change property.
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