WD 2007/ 046769 PCT/ SG2005/ 000357 NOVEL PHASE CHANGE MAGNETI C
MATERI AL [001] This invention relates to a novel material, in

particul ar phase change nagnetic material and <
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wth hi%storage capacities and fast read-wite speeds. Exanpl es of
such rewitable nedia that are now widely in use include rewitable

conpact discs (CD-RW, regAdREROUNDIORITHE IRENTIONS (DVD- RAM
DVD-RW DVD+RW and 25 reWwritaple ue Taser optical disc (Blu-ray,
HD- DVD). [004] Phase change nedia utilise phase change material s as.
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20 [003] Recent research efforts have been focussed on the development
of non-volatile phase change random access memory and rewritable discs with
high storage capacities- and fast read-write speeds. Examples of such
rewritable media that are now widely in use include rewritable compact discs
(CD-RW), rewritable digital video discs (DVD-RAM, DVD-RW, DVD+RW) and

25 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 optically read. Data is written and
erased by inducing a change in phase of the material between crystalline

30 phase and the amorphous phase. A laser beam is typically used to heat the
matetial 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



represent conputer-readable data bits. [005] The use of rewitable
material for optical discs was first reported 5 in 1971 in which the

di | I sed chal id h -ch j -
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and the cormrepszentcngpluecreiable datalisdemand for | arger storage
capacity and faster 10 read-wite speeds. [006] For exanple, US
Pat ent 5, 709, 978 di scl oses. a phase change recording filmfor use in

doubl e sided offpbsp! diHeGssd OF Mrgdblé heatewaidorbpial dRe Waal firsrapotisgs
a phase change conponent such as  Sb- %’gi-ﬁGe and at |east 15 one
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conponent i & RpSePinbid (Fdlnfcle of ss,%ﬁ&mw%&.' [ Oy G10X [ 1871 WMok 284),
phase change conponent to prevent the recording filmfromflow ng
and segr egat $inge dbennqanycaltenpig bae bepasnade t20pPoide] newonaieriatsy s

of rewritabl L,a that .i | I QU ' |.C )
medi o (used PARRIERT i Tefhirie o Be' Pliate THEE e e Gie Elfine
bot h magnet i eorespondidatreat®indiec dewand for ilargépbiesagevcagdotty drel faster
carried out magnetically after thermal treatnent, and reading is
carried oth '@éﬂf‘%"&?lsﬁﬁedéypi cally; a focussed | aser beamis applied
onto one side of the media in order 25 to heat the MO material to its
Curie point or cgggensation tenperature, and thus render it
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integrated cépgifgt s- [009] Conposi tes conprising two or nore kinds of
mat eri al
20 [007]  Another type of rewritable media that is widely in use is magneto-
optical (MO) media (used for example in Mini Discs). MO media operates
based on both magnetic and optical storage device principles: writing is cartied
out magnetically after thermal treatment, and reading is carried out optically.
Typically, a focussed laser beam is applied onto one side of the media in order
25 to heat the MO material to its Curie point or compensation temperature, and
thus render it susceptibie 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.

30 [008] US Patent 6,132,524 discloses an example of a.semiconductor
magneto-optical material. The material comprises a semiconductor such as
MsAs:GaAs in which fine magnetic .particles are dispersed. The material
exhibits magneto-optical effects at room temperature and can be used for

2



conponents and their use in recording nedia have been disclosed in US
5 Patent 5,709,978. In carrying out the synthesis of the conposites,

material CQEPRISES0f the conposites are either conbi nﬁg{@ﬁﬂ)osmumm
prepared froma sinple mxture, or one material conponent IS = )

precipitated,,j er erial _.conponent. ch _cqnposites . .
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magnetic filns sputtered on Cu. 25 [012] Despite the devel opnents

that havd® KaR0B PERREres HINREBNSRHSIY.n  current materials still exist. -
For exanple, the capacity and recording speed of rewitable optical
media are presently limted by the laser diffraction limt and the
crystallisati or[%@iged Severah tudiasointt mgterialsfor apticatidisasf mve, been carried

char acrer P sttt 3,sAF o 98 Hadifla Mroeqilin QAT IEkidpR JRY WS,
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mat eri al whig onprises a 5 phase change material conponent, and a
f erronmagnet i erial conponent.

[011] In another study, Sato et al. discloses a GaN-based

20 ferromagnetic diluted magnetic semiconductor for semiconductor devices (Jpn.

J. Appl. Phys. Vol. 40, Part 2, No. 5B, pp. L485-1.487, 2001). In yet another

study, Sun et al. (Appl. Phys. Leit. Vol. 82 No. 12 pp, 1902-1904, 2003. )
discloses the use of FePt magnetic ﬁlms'sputtered on Cu.

25 [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 Jimit and
the crystallisation speed of the recording material. Therefore, continuing efforts
are needed to provide new materials having new characteristics.

30

[013]  Accordingly, it is an object of the present invention to provide new
materials that, for example, give rise to Improved performance,



This material has a crystalline phase associated therewith a first
magnetic property and a first phase change material property. In

addi tion, s IpLeLial  has an anorphous phase associ a},{? g %g},&\%&h
I'c pr nma a

a second magne? operty and a second phase change erl

property. The material of the invention_10 has unique electrical,
magnetic, thermal, crystalliMMrties at

di fferent phases, such as fully crystalline states, anorphous, and
partial crystalline phases. The material exhibits both magnetic
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[ 015] According to another aspect of, the invention, there is, provided
an optical PaTaNARYPREHS @%ﬁg%rasﬁﬁ%ﬁeéi thgrewitio A rafcrBR, magnalichigPeity
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of the follow ng description, draw ngs and non-limtin exanples. 4
WO 2007/ 046789 OptqalMsspbmsmn%rwomsmwmw?ﬁ@&bmwﬂm:

[017] Fi gurépdghstic® randiABhécesd! AR SIMIARY BBfcss) NEdIRS istate imBRRTE
' devices, sensor devi'c'es, logical dévices, cognitive devices, artificial neuron
network, three level devices, control devices, SOC devices and
semiconductors.
20
[015]  According to another aspect of the invention, there is provided an
optical i*ecording medium for recording information, said medium comprising
the phase change magnetic méte'rial of the invention. The invented material
has different electrical, magnetic, and optical properties at different phase
25 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,
magneétic random access memory, attificial neuron network, and phase change
random access memory devices.
30 :
[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.



5 change magnetic material according to one enbodi nent of the present
i nvention. [018] Figure 2a shows graphical data characterising the
magneti c ' of a conventional phase change natggi

Ge2Sh2Te5 w(g@@g%h% e seen fromthe figure, the rraterig@%w?%?o{}?’sﬂ
anti magnetic properties. 10 [019] Figure 2b shows graphical data
characterising the magnetic properties of a phase change nmagnetic
material, Fe4d.4Gel4d. 3Sh3BRIEESESCRIRIIONIORT HEB DRAWNGS i ment of the
i nvention. Coercivity value H of 38 CQersteds is observed at zero
magneti zation. [020] Figure 2c shows graphical data characterising
the magnetic 3§14 oppidures Rfa RbAGRalhdRgEMEheMRy thef syefesis b Bhdse
Fi gure 2d show magnetic properties of phase change nmagnetic materi al
of Fe4. 6PH7.chepge 8REpete matesiali 3rsotding ne Ines shtbodimeit Phrithe| @Eegjent
As shown in;Eigkrgs 2(a-d), conventional phase change materials

exhi bits antinmagnetic property while phase change magnetic nmateri al
according 20 f@18lhe Ppigtsenai shaws i grapkibalwsaia ginerdadtensing hey megoedy

Figure 3a and_3b..sho [ i ca t [ 1S t.he . ti
pr opert o roREEeEhe soRgg Rl brlal APl S i TR e seen
crystal i ne fednaties figUr@ 2hk rirhtgtalexhibits adtimaghekecpReenieef ogr aph of the
mat eri al according to_the ipnvention at anmorphous and crystalline

phases ad0i ndud@tPlby Eigie s€b| saws oraphiedle dgitbrdgragiernsindi et BWopaiit
the phase c B89BE A C pRBLST biRdnddASmabAdiR' ShhteriQPt FeRIGH), BBS) 5T

in the amrgﬁg%ési‘t.lg%d 1tehe grysta}l I inrggapha%gas, Si m'elnar’ ggg%hag'g@&é%aﬁag
mat eri al s. Eesorieionere embedigiebhved . theh ivepiarweenersiviyt valugnd. of 38
anor phous t ' ' tes neaning the

crystalli nerﬁérgﬁﬁ%g%ggééri@é F‘ﬁi%/réterﬁédé{r?gg? <x<1l. 30 [025] Figure 5
shows a tabl e ¢020]at aFgumpale nghavwee gragiticali data rasraxténsing tbé magnetic
conventi Qnal_phase change terials.an phase change nmagnetic

mat eri al qgofpr @?%9€$}‘?§§?nc gﬁr%?tﬁ'ﬁ%l?g C'}aleﬂ%'cryst al l.ine states. The
dat a shows t hafopfjaseFigiiarge shtgneddgietizapepeticsasic phiaiiengharye heagnetic
I nvention have sim IFar ﬁ{je trical 5 ,2007‘046769 PCT/ S&2005/ 000357
properties trgatg;g%}scg EnahtiaCRsslpisgagcording to the present invention.

[022] As shown in Figures 2(a-~d), conventional phase change materials

exhibits antimagnetic property while phase éhange magnetic material according
20 1o the present invention shows magnetic property.
[023] Figure 3a and 3b shows graphical data characterising the magnetic
properties of the Cos s Gesi.1 Sbzr.1 Tesss in the amorphous and crystalline 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.
25 The photograph indicates that the phase change magnetic material has different
optical properties in the amorphous and the crystaliine phases, similar to phase
change materials. The expetiment also showed. that between crystal and
amorphous there are partial crystalline states meaning the crystalline fraction x
is in the range, 0<x<1. '
30 [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 crystaliine states. The data shows that phase
change magnetic material according to the invention have similar electrical



[ 026] Figures 6a and 6b show XRD profiles characterising the crystal
structure of 2 different phase change magnetic materials, nanely,

Fed. 4Celd. §Pifndsd6- 6 and Fed. 6Pt 7. 3CGes9.sTe28.e 5 [0 | a
and 7b show scﬁ7 matic di agrams of a laser ablation sys?ge#]sgir?gygﬁﬁz

sputtering es ect l.ch can be used for synthesising
the phase cﬁ-‘ﬁﬁé%%& ‘%?3?‘9% %?%B?ISt he invention. DETAl LED
DESCRI PTI ON  1G026)28] F@wes ﬁmemd 6b $iovbXRDI peofiled ehbravtdrsing that crystal

phase change nmaterial_s net C rrat rials can he us d to m
Pormgencous SORPES (& it oty Hiandss * BERehadEERRge Remed.
effects as VF%MG@?%%%%J;B%aﬁfdfl‘i?éatsptmG%wtéTezgeCOm ext of t he present
invention, a material Is said to exh ‘5 ase change 15 effects if
it shows éhange[@zﬂn |F@%>7ﬁ agfl 1 §B@Wt5 gmzde flirgramsdef goasenaprtian
change. o] hes p cl r Sth V
absorptlon a %ﬁ?f ’é‘? eﬁt %e\/av rﬁ'l naéysgn? %écﬁ{cmélgstdgﬂteg 8%? s%éerg%écl)dn for

rel ation, disyhthetsising mrtfttaaanbangejmagne@q mateziahef thedmduntiohy i ty,
thermal diffusion coeffici ent, specific heat, active energy, lattice
constant, crystallization terrper ature, glass tenperature. Likew se,
20 a material is said to exhi bitnmmmﬁ(wmow it is under a
magnetic field. [029] Wthout w shing to be bound by theory, the

i nvent or 40 present |y believe that under appropriate growh

condi ti ons, ha Ialpao; R

conbi ned such 3ﬁatlct hgﬂgrlystaeﬂg%lpacs:?cgpgt%?g?ﬁgbg%&r esulateqwra\g &ﬂghgg%ls
change magnetridcmagnetid mpteriglsatanche dsedtonformfa horeoganaess sbmppsite piaarial

change e 1) 8 kgt St RgRl O b TN, BRL gL oo

struct ur e i ssontextresf. thenpresthie nventicrs, a ahatedalofs saidntet exhibihtphasalchange

d I f . ._bh .ch
Tt or i al 15wieHeG #ﬁe@p%ién%&%e%’ygftapﬁ%f?%}&%%%s$ Wt Udetines g ahase
material . | niiahys. BRANBles dThAGS: PO EES mcmmm@eistae:ty mdberpitieh ait
are able to exhibit both phase ¢

f fects .d to
struct ure widfersphwavelragile ORbsa W&g%“??m@?ﬁ%ﬁgﬁ%#?@a@w Iég%’l?&ﬂﬁéo%/‘ﬁtan

magnet i c atdymzthﬂhéFma;gcdrraubhﬂtw il G Bo&ificiBn\@pdBifid Heas HRlve
PCT/ SG2005/ 00035
energy, lattice constant, crystallization temperature, glass temperature. Likewise,

20 a material is said to exhibit magnetic effects if it is under a magnetic field.

[029] Without wishing to be bound by theory, the inventors presently |
believe that under appropriate growth conditions, phase ehange components
and magnetic components can be combined such that the crystal structure of the

25 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

30 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.



[ 030] One advantage that is provided by the nmaterial of the invention
I's that each phase of the material is coupled to a unique set of

phase chan ties and magnetic properties. This
when t he ng@ezro?i@%g under goes phase change fromcrysta ﬁ%ﬂﬁ @sg'eq"t

anor phous phase, for instance, the material exhibits a correspond| ng
change in both its phase change properties (e.g. optical

][ef : gct ance, or[msqr]ﬁ wb ?wﬁr@éfg%nﬂt id provRigdesy ﬁepﬁmﬁat bfethe r:;(nmrgzon isd
|l e stren . e enert.l (6] yal, pro r change cCa e ar nesse
For i de 10l pagty PhRoR g Ithe draige, SCauimiar Yo gnanilde SFhch PGS HBNGS
logi cal , cogibpéiiBs &R CRRGhElic &%‘eﬁiéysm %e&ﬁé PhaBfghen the material

sem conduct or applications.” For recordi ngf i cations for inst ance
thi s propértyndengasisephase ¢haageufrom) Qﬁ@t ﬁﬁ% toc amorphsysi Bhass, for

both the' opty ok ghL GhlERE EHAAGLCoRY ha@tahaﬂﬂem BISANRBhange

magneti c change ected at
poi nt, ther ghrgpeitios (@asopiisal lﬁlectanoe,d:nm@atimmtar;ts)amml itnagtetanebperties

ratelnrecordl dla 5. utilis he materi of th i.nven

| n sensi ng. o Stopriby e enghi AT pRel changt ohf BectiRiseTosa
to be highl Y\mééc\!#r@hﬁof @bpmﬁ@hél Such B€'seBking, Gafal @taragenw@én ognitive,
magnet o-optical, thernal-electric, electric-optical and, theLr

conbi nat i 16n. cortrol, (3QC (Eiaies eRaFIiR BRdsemicandusteniapliealions. Fek renesdiag
change magn f f I

of the pr oodnpicatfiieCfdrmelABh B4, drbhethf HabEs 1R, RRdolCdiR) fird e
resistivity, cdrmvattibarofd:lottmtblmjuptid:aJimﬂectam chasgel mgianzatgm draueney angd
t he anor phous

conduct i vi t Wgﬁ'&f‘% %ﬁ%ﬁg&gwc@efciﬁ #ﬁtﬂﬁ?aﬁﬁe ?’hé\é‘g? #@ %ﬂﬂ%bg% WRereby

phase. . The Zhcreaysgcie p@doa@iﬁgedimsﬁycmcasﬂat@sratsfen tafe inefdcorting imgdia
absorptlon otjca contats refractiop index and absorp

oot T ci ot WG etber MEeiAlst i FBicn o SERERsAPPIERTRISe P Pipperty
thermal di f fateibms eensihg Cr'n@ﬁéure&iéﬁﬁs ftb Cbeh&ﬁéhiy addcuette efeﬁr@s«ctn@nm@mal
on are different at parti al crystalllne stat?s rangl ng _ﬂ?g thoge at
t he anmor phouepticak dpég’{"‘ﬁ-'% Hoggnefe-qpiigale rtheimahelentri geeticpplicyl and ther
properties afdnhiidar to those 30 exhibited by known phase change

materials and are thus presently known as phase change effects.
[ 032] Magnetic properties (hereinafter used interchangeably with the

(LY 20072/00467%3ﬂCT / %gg%gﬂgéﬁzoperﬁes exhibited by the phase change magnetic
material (hereinafter referred to as “PCM material”) of the present invention

include the properties of high electrical resistivity, low thermal conductivity, and
low light reflectivity in the amorphous phase, and low electrical resistivity, high
thermall conductivity and high light reflectivity in the crystalline phase. The
25 physical parameters such as resistivity, reflectivity, 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 procerties are similar to those
30 exhibited by known phase change materials ancl are thus presently known as

phase change effects.

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



term "magnetic effects”) -exhibited by the material include having
paramagnetic properties in the anorphous (disordered) phase and

magneti c pWﬁM"}“ﬁﬁ"gi n the crystalline (ordered) phasep‘ﬁ%{ggﬂ)%{j)eugsm

effects al so 1nc changes of magnetic properties suc

saturation nmagnetizatjon M, coercive field Hc, anisotropy 5 field .
'k, | uni axi al (SHR GBORBH SHErs) awhibted tiytherDatesisl inchikravia Paramagneti

magnet i zat i Qflopdfties $RtHY BofthouR{disbt@itedSphdsel 4iR1 ARBRENAprpRILES. in the
corrpensat lon te .er ature and so on. 'I_'hese pr ope_rt ies are siml/lar tQ

those exhi bi q%ﬁgﬁpe tegerd) pheseeMagnstic sifectaatsq inghidgrahvages pf RrgRRtC
as magneti ¢ @ﬁé@&i&é sudi? ak §3LatliPfioR t e?iEé‘tIEEHPMaP&fé%w& ﬁgl‘a%nils%gopy

mat eri al of I nvention conprises mal n conponent s, .
- phase changield bigpaniexial anisbteopynamséstnt Kue stpraness, rédaagncEhmaphetization

change conp nt_.conpri. anys !t yRe. of C e |

I's pref erabﬂ@ﬁiﬁ?tg@ﬁgn éﬁ@%ﬁ'sﬂe% ,s@ﬁrﬁ%tterﬁﬁé%g.ﬁgic, c%ﬁﬂ)g%sa é%;ﬁéﬁera!u?e
exhi bi ts phagf shangdehdde ropédiesaye gitila) t@those exhibited by meaguptiv enaterials
standard room t enperat ure él .e. 25 Celsiys), or nore preferably, at
an el evat ed andarEdhes reseply kppun A8 AGRCHEREPE®, or nore than several
hundred. degrees Celsius. The el evated tenperature can be brought
about by any suitable 20 focussed | aser beamor any electric current

or Peat i)lr@ dﬁVi[O@S] ]Ic:orT heephséi ehpngsumgesetic compogiteam@teriadng dhendnventian
£
Cbon heat | n i Ses ATl <Blnsphans: Memefl 83hds8, Ml Roppgen Rha°s

crystal | i ne magheticraimponent.n thi s manner, the anorphous marks in
conbination with the crystalline areas may be used to represent data.
It is 25 possible to al so use phase change materials in which phase

change occurs gh34f enpeabHass dhamger cémpondmecmapisssaianyegpbhal phase
be provided by standard aser equi pnent. If used, sucq tstglrl al

requi re hisgHetangperaeral Ihiswiefarablerigeome §mbiedinpents ﬁ*éaptg_g asRfMgage
On the otherband; RABKE SHARICHERGE (8! &t RiGhmeRy Aahaldidbri@ie abdve

polyim des (e.g. polymeric organic substances) which are 30 used for
t her mal i nsustandasd reemyamperatawe, (i-eoR5ekealsisd oranererpyeiarahivi alan-eleyajed

Coanse " onehlera® Bk S ARy K Beh i o araalisse

Celsius. The elevated temperature can be brought abouf by any suitable

20 focussed laser beam or any electric current or heating device. For recording

purposes, the phase change material preferably changes from the crystalline

phase to the amorphous phase upon heating and subsequent cooling, and does

not regain the crystalline conformation. In this manner, the amorphous marks in

combination with the crystalline areas may be used fo represent data. it is

25 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

30 used for thermal insulation of buildings, for example, are not considered to be

suitable for use in the invention dug to the relatively !ow. phase change
temperature.



[035] In one enbodi ment, the phase change conponent is selected from
an el enent fromany of the Goups IIIB, VB, VB and VIB of the

Periodic T nesonme embodi nents, preferred el enent ed
from but gjraeﬁ)né? restrl cted to, the chal cogen el enment EC?IEF’ZO@%@%&]

and Se, as well as other 5 elements such as P, As, Sb, Bi, ’@ﬁri’
Pb, Ga, In, and038] [ dmene embedpnenietie Bhaseahepee sowRBBRItIR Aelecieddrom

phase changean SRARMHISfIn SRYBF ih%eércﬂrp‘éhﬁBCWWBjﬁnéwli@bf trﬁ%PEﬁécﬁé Teble.

sui tabl e secondary, ternary and quat ernary chal cogeni de al | oy
syst ems i nclliidépmbuembpdimasts, prafersed wlemehiscarer gelestedrdrongebigh are not

S0 10 150 Seregh gl 1o CipHiloqd e .30 P o538 e oer
Se-Tl, Ge-Tesl@mentBesubh-a8 Gs, @b, Be-En-Siy PGSalén, BndAd, Ag- | n- Sb-Te

and m'xtures thereof. Presently preferred quaternary systens include
Ge-Sb-Te-X and In-Sb-Te-X wherein X is a transition netal such as

Au, Pd, Ir, RuroBg] Mm b5 gsedly apefdied Eambodihmsentinen ghaeée change

presently preferred al |l oy systens can be present in ag%J suj tabl e
atomi ¢ per celmra@@enscﬁwpébsaﬁ@ éaalerwgw@%@upryfixw@lﬁérq ltableo§econdary,

compos! L1 ON ekl S, b B6PoiindorTid St 8ol GREBATAS iy GRORRT o
GeTe, Gedll, iBhZeeBe, ShdeeGectN, eSn-fT@r SbrSe,anele, @0-SboBx|PHBe-Teebbhb-Te,
conmponent pr et

vent on | SSSPETS AERT SE SRR e e CET R Gt S g eSe. In-
corrpon;a_ng . r?émtr ,S GledT &, te@emelssml G?-“Be-Sarﬁlgg e$d'ep®m|l=ltdl, VAg-In-Sb-Te and
suscepti bil i 0 an ex rna ger grca =
mater i al s haRIRB AP T ESERABISIRG o b5 Pt b ideivge b Tex
magneti ¢ mMonERY |H-Shbe-ReRRI@hedid 8 temehioatRstaPsudtgs Afue PHOIFRRE Ret Mo,
material. The electron spins of the atons are ali m cr oscopi c

regi ons Kifowha.o& aishhangach ﬁ[ef"r@éﬁén thasei ﬁf@seﬂth(r@@%ﬁr@ﬁ’tﬂﬁog syptems eppsbe
(typicall yf gﬁ%eéntlgﬁzarﬁp stft %ﬁe afnig! b@r‘?:@ﬁtdg@ p@érﬁel Q*alﬁﬂeé hgt drégently

magnet i c in'the domain i s Strong. f'erromagneti c
material is prefarre aﬂounmnesrtlcz@j ipelude, bt\ﬁea@ormi nlgﬂéﬁda Tﬁea@ﬁgﬁbz'res,

random y Orgégs%% ! eérg, AN GeSHRHIC dép b £ /fbs rPéb p%rsz b ShroTes,

whol e is zerd ragnet 1 c oty Rt = wi
i nfl uence ofGeTaepgadb,hBegl sz‘ltda@eihrﬁmmssibec@rre aI | gned with the
magnet i czfr el d, thereby producing a strong nmagnetic field within that
part :

[0371 The second component present in the phase change magnetic

materia) of the invention is a ferromagnetic component. The term “fetromagnetic
component’ refers to materials having a large and positive suscepiibility to an
external magnetic field. Typically, such materials have unpaired electrons whose

25 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

. 30 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 magnestic field, thereby producing a strong magnetic field within that part

9



9 WD 2007/ 046769 PCT/ SG2005/ 000357 of the material. [038] In one
enbodi nent, the ferromagnetic conponent that is used in the present

Il nvention | Z%E%F‘%;égd from but not limted to, the ele ks U'P&(%sﬂ 5
ni ckel , and cobalt. Further exanples include ferromagnetic alloys™

conpri sing e ferromagneti c conponent, such as such iron,
ni ckel , and%géﬂﬂgﬁfa&eﬁ%xanpl es of ferromagnetic alloys conprising at

| east one ferronmagnetic conponent includes FePt, CoPt, PdCo, TbFeCo,
GdFeCo, CoCr Pt d CoCrPtTa, ..to only a few. 10 [039] ,\Wen the
material of thiu?‘%(;entlm &_ﬁe@%ﬂ%@enﬂ?ﬁséﬁm%ﬁsw%ﬁa@mﬁwﬂaﬁgs g8 din
such as compgtp@sseSinvehtitr & sMbeled FbmC buhdt RGBEHS thefinfents iron,
systens, the proportion of each of the phase change conponent and the

nmagnet i ¢ Sorpeligdnand sobali. Suwtbar sxRRpleRdiclude farksmagnelg atayeeemprising at
possesses 1 aracteri sti.GSe or WAy operd ies;.t hat. are

desirable i ﬁe%%négﬁt?é?gﬁbgﬁtéﬁgoﬁﬁgﬁg%%n@gi gg Stéfgﬁv'éél i F&]ﬁg‘%l’ r?QSn%?’?a(':t'
medi a and aExashplessof daremagoetid allopg nearopidging catl lessdi ane sferiohwgnetie

mediumis able to functiaqn rdi t he equi r S dar
readi ng and % n g'nglléfg?%?g th ciﬁﬁj% eTtbﬁf’go' p(gg%%é%, %ﬁiﬁfﬁ? an
conponent s dfoCiRTANBIRNSMgE fewgnetic material can be 20 sel ected
such that the conposite material exhibits at | east one physical state

sel ect ed ¥rom a crystalline state, an anorphous state and a parti al

crystalline sygigy T'i}ghfrp'fﬁ@gﬁgtﬁgﬁpmttﬁé iﬁb&'ﬁ%n‘:ﬁaﬁg& rfﬁggeédg{irénﬁonal

materi al can al SO ‘be el ecte at the conposite materl
exhi bits di freeording etesiymi suudh, asecpmepdalt, disesh edigitd] | videy stigd, | andaniagmetic

o P S PR e BREB Yy hE Bk ekl e
nedi a i ncl udeagneticf tempoatenteibr saledted suvtietms therrebhléing riatesibl posseaseds
PR P LA Tk T A RPN CT T
stability. DBeahfebhedrl)aéanbatidid i hagheticd nidmidednd diediel b8 cdaidentional
Tagnet o EREIRgfcaSaRe 5 e 167 FRETWINgh bl BeREUSN AREoring to tho
coercivity, By@erRenResdi@nbiaid reading and recording equipment. To achieve this
purpose, the components of the phase change magnetic material can be
20 selected such that the composite material exhibifs at least one physical state
selected from a crystalline state, an amorphous state and a partial crystalline
state. The componenis of the phase change magnetic material can also be
selected such that the composite material exhibifs different electrical, magnetic,
thermal, crystallization, and optical properties at each of said at least one

25 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

30 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



ani sotropy, high squareness, proper saturation nagnetization.
Desirable 10 WO 2007/046769 PCT/ SG2005/ 000357 characteristics in a

magnet o- opt, ,a I ncl udes an anor phous structure (
el FeEyeamAby .

surface an mai NS boundaries to decrease systenis nol se),

Curie tenpergture (for .media stability and.l qw,| aser power), .rapid
drop of - bocreseletRE I 5 mautsipra e el rtites Y AR st RRr o
threshol d), SmesthprRfacs Wnar ddmaine! boundBiiedtd aeyreasdhepitemts Aoisd) kuitable
(for constant material's roperties under* reﬁ[g&t ed heatjng-coolin
and hi gh coe®diigiteppgtatigofor trapger stabiy aRdrloWefisgr mrl,i'%y'd drop

acci dent al d@é@ci}/raﬁﬁn@érevtﬁa_t e 1BRferstiRg! for iéharpneeﬁmﬁgi fRBkhold),

I
the conponents of the material are selected to achieve at east one
of the abdvepgrpepdiculaemagreticoanijotrapyo whesviasd ditakilily, (fem eopitariemetatisge

conponent angd ferro ti . r Nt N AeTolol @A
cuch that 1 neropelisey TRESS seeaReb HiBlihe-cRblRch | ER Thidh, DefAIBY L' Rébm
phase associ@hekratosr o mbda dtabiflty, acoidertsl datp lassereyerdiod). ddoorditgly, in
phase change property, and an anor phous, phase, 15 associ ag%g therew th
a second na i et’&déﬂ%’%t %ﬁemé’ogg'&tén%f %‘ﬁa@@t%@ Setﬁ‘: 9 fi‘.c’ﬁ"?ﬁ% at
proportion og,8@%: FINPANEVE piipRarial in the material should enable
the second set of magnetic and phase change properties to be distinct

and diffellent fromthe first set properties, thereby enabling these

properties to gﬁﬂj‘fse%f Yne" ﬁ@ggg&iﬂgnﬂg (._E.,Ec%ﬁiaesg igﬁﬁpgagéoﬁfb@%h%“d

material. 20 [ I n sone e Imrent s, e resistivi

material is fgeoaraghbiic component are erefentyid G peaparkonp sudx 1ol thenmesulting
0.1 S2cm < p_<10 92cm at_ _.anorphous state and in the r .
104500 = boisp, 65 e Gl BES'E oRiBife’ Bigd dedSehBlfdiwih a first
crystal |l i ne giaghétic flaperigandtd fiist phaléd tieargeosropértgaardl ambmorioudphase
bet ween t he anor phous phase and tge crystalli n%‘ pﬁase b t hIeasth
about a  Fncawochethihesewis a $ropaHaroTslcrRIPPERY BRR IhoRAPhaSRLhange

coercivity ofrohBRy MhErprBhortibR 6M8adk ¥ehiohbRE phdise ih ShatmbRAs! should
about 1 Cersted, Oor i n sone cases, at |east about 40 Cersteds.

[043] In a fenatiethepeencheesiof MAGNgicaand ehmshm@mpeﬂmtterh%gigﬁ%
and different from the first set properties, thereby enabling these properties to be
.used for representing recorded information on the material.
20 . '

[042] In some embodiments, the resistivity p of said material is generally
in the range of 1x10°Qcm < p <1x10° Qem, or 0.1 Qem < p <10 Qom at
amorphous state and in the range of 1x10™Qcm < p < 1x10™'Qem, or 1107 Qem
<p< 1x10%Qcm at crystalline state. The resistivity difference of said material

25 between the amorphous phase and the crystaliine phase by at least about a
factor of 2 to 105, 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 Oersteds.

30 [043] In a further embodiment, the phése changeé magnetic material has
a crystal structure that is at least substantiaily similar to the phase change
material component. In this embodiment, the atoms of magnetic materials
replace the position of some atoms of phase change materials without .
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a crystal structure that is at |east substantially simlar to the
phase change material conponent. In this enbodi nent, the atons of

magneti c MRiEdo repl ace the position of sone atons
change mat &1 B BS162o0: 11 Wo 2007/ 046769 PCT/ Saz005/ BoHSER 0N

destroying c t se change nat er . As the atons
of nmgneti CE%%P%@%S scl}%gﬁéi f“rg?t]hn{) rBB?Saececg?H%e p@?ketq%sp‘%f%goﬁ%ms of
at ons of phamgneﬂma@mems er insditetials froplaca the positibhs o€ ksbmei :itbmérbfqmase
crystal strucltgure un ropriate nditions and th

wt h
repl acement F4@M9e %ﬂsﬂ éapf%F'En@é"etW Lg’gt?‘éedll ‘éi’gtgn%ﬂue 1O ﬁ’é{-tcéh’"ﬁa‘l"éde‘"
exhi bit bot hapfia 9@&1’{@“%@9@!?] efdr@itiona Nshd Bl eéplEcerBEME R in [aoééﬂash tafge of

further enbodi rrent ase change magnetic material has

conposi ti'oh EﬁpQQﬁﬂﬁﬁ’a’fh@ﬁ? m@t@”ﬁ\lSB%h'ngloﬁ’l Rhaseishanes effeet and magnetic
f erromagneti ggg@nponent; B denotes the phase change conponent; x
denotes the total atomic percentage of A wherein 1 x:5 50% and 15
y denotes the total atom c percentage of B, wherein 50%<_ y:5 99%

[045] In one pr tl ref ed. enbodi t he hase chapge .
magneti c mat erl@?sﬂ ég%fﬁgﬁe ﬁmP85b "%ﬁ)p’hﬁgg CQ pasy W&ﬁ‘gm%e”af has
conponent A asepeositdn bf formanry(Ipf the elenents Co, Fe NI and the

all oy FePt, and a phase 20 change corrponent B selected from Sh, Te,

GeTe, Sb2119e3 GeSb, Sb70Te30, |nSbTe, A@-yl n- Sb- Te and CGe- Sb-Te. The
chem cal fornul a gf-rggnposite materials having the formula (1) may

be selected fromone of the followwng sinplified chem cal fornula:

Fe(Sb2Te3), CO(SbWemtes Kiq SSyzmsnetice@asbnentCoGeSh, N GeSb,

Fe(Sh7oTe30), BSEZR&SQ’%”%M&SW@ES%%;;BE&PSbTe 25 Col nSbTe, and

Ni | nSbTe. Illustrative exanpl es i are not limted to,

C06. 3 Ge31l.1 SbZEcdélfm@&stﬁ&"Baﬁ)nﬁe%@rc&nﬁ@jé%fﬁ[@%r@in 160238 §8%( afd
Sb31.91e47.1, Co6.1 Geld.3 Sb33Ted6.5, (C03.0 Gel8.5 Sh30.1 Te48. 2,
Co5. 0 Geld. o dpnptes thedptal atamic pereaniagesof %bfézefgme’i%‘/éy@@%‘m Gel7. 2
Sbh30. 5Te4699, 002.0 Gel7.7 Sh32.5Te47.8, Co05.8 Gel7.1 Sh32.3Ted4. 8,

, 004.6 Geld.9 Sb33.4Te47.1, 0010.1 CGel4d. 4Sb34.6Ted40.9, 0026.1 Gel7.2
[045] [n one presently preferred embodiment, the phase change

magnetic material as defined in formula (I) has a ferromagnetic component A
selected from any of the elements Co, Fe Ni and the alloy FePt, and a phase

20 change component B selected from Sb, Te, GeTe, ShyTes, GeSb, SbhyTess,
InSbTe, Ag-In-Sb-Te and Ge-Sb-Te. The chemical formula of composite
materials having the formula (I) may be selected from one of the following
simplified chemical formula: Fe(SbsTes), Co(SbaTes), Ni(SbsTes), FeGeSh,
CoGeSb, NiGeSb, Fe(SbyTes), Co(SbwTes), Ni(SbrTes), FelnSbTe,

25 ColnSbTe, and NilnSbTe. lllustrative examples include, but are not limited to,
Cos.3 Gest.1 Sber.1Tesss, Coss Gezos SbaosTesss, Cozs Gerrg SbarsTear, Cogy
Geqa3 ShasTesss, Cozo Geiss Sbaos Tess2, Coso Geieg SbarsTesss Co1s Gerrs
Sbazolesms Cosa Ger72 SbapsTesss, Cozo Geizz SbazsTesrs Coss Geqrg
SbazsTesss, ' Coss Geise SbazaTesrs, Co101 Ge14.4SbassTesws, Cozpi Geira

30 Shgz.1Tesss, Cos6Ge15.88bsssTess, Fema Ger1s Sbigs Tesra, Fega Gerss Shaya
Teqr2, Fesr Gergs Sbosa Teags Feas Ges Sbasz Tesss Fers Ges Shasg
Teqrs, Fero Gessy Sbasz Tewz , Ferz Gewr Shazg Tesss, Fezsa Pliza Gespo

. Tegs, Fesq Plas Gesas Teora, Fepq Plss Gessg Tezss, Fery Play Gesss Tess,
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30 Sh22.1Te34.6, 005.6Cel5. 8Sh33. 6Te45, Fe20.2 Ge21.5 Sh16.9 Te4l. 4,
Fe9.2 CGel6.3 Sb27.4 Ted7.2, Fed.7 CGel8.5 Sb28.1 Ted8.8, Fed.4 Cel4d. 8

Sb34. 2 Ted 1 Gel6 Sb25.9 Te47.1, Fel.o Gel5.7 2
o7 2 oIS Toas o Fe23.2 PL32.4 Ge30.0  TeoPSHSGAREE]

Pt4.2 Ge64.5 ezés 1, Fe2.1 Pt5.5 Ge63.9 Te26.4, Fel.1 Pt2.7 Ge64.3
Te31.9, 12 \W8420ir G2erdsxmcTescPtosie06T6%k.e Fed: Bt PGRs2: BenesFess Plas

Pra.5  Geog 5 Toas o Al R s R e, Fo Rlgilg TehdsT - 4D

Fel. oPt 2. 0Ge62. 1Te34.9 [046] In a further enbodi nent, the phase

change nmagnet i Céﬁﬁgeri FH amef%ﬂi‘m%fgﬁmé Sﬁa%‘ ’f or rruélgg %i‘%@@éﬁgﬁ%

wherei n A denot ferronagneti

change conporettmpddltiod afdéomtds (l§): manganese conpound conponent; X
denotes the total atom c percentage % é d:gerei n1%<_x <_40% vy
denotes the total atom c percentage xBY'Wherein 40% <_ y < 98% and
z denotes the totwkrgitom c percentage of C, wherein 1% 5 y5 20% 15
(047] In one presently preferred enbodi ment, the phase change
magnetic materi al Aflergtas HEsdromagnetiggrmpenent; has a ferronagnetic

conponent A sel egtdﬂé;im{és-cgqgﬂg% ﬁan@%%o%ﬁ{ﬁ%@ﬁs Co, Fe Ni and the
ange C n

alloy Fe-Pt, and a phase npon sel ected from Sh, Te,
GeTe, Sh21@3, GeSP,dehotesTaBsGngahestbdampdund conforksit;and Ge- Sb- Te. The

third conponent C.is selected from 20 I\/hAsI, MiGa, MhSh, and MAI .
Conponents A and E%PO%Feﬁ’@ﬁPW agquIPe?%%“ g herefat 6pisak < #8%i Mg
the formul a r I oqipl Q r

the fol | owi ngb‘é%*ﬁﬁéﬁﬁﬁgﬁ‘*?E@%z@%@%ﬁfa@?(%bgT%bfb‘*ﬁi‘fPéﬁégs{Q%%eﬁds%,
CoGeSb, Ni GeSgnotpe {ishipiaieddnic pen¢SiidgT eB30) whedc{iSbheTe3@®0%. Fel nSbTe,

Col nSbTe, and Ni I nSbTe. Illustrative exanples include, but are not 25
limted to, Co6.3 Ge31.1 Sb27.1Te35.5, Co3.6 Ge20.8 Sh30.5Te4d4. 9,

Co2.8 Gells9 0dY]9TdA7 ohe EPésehtife bfefdrr&t33tadbintant CBe0 pR8AS- Shange
S50, 1040, Fiagsal B sk S e g sommnen
Sb32. 3Te44. 8sel@&dd Grdee by bf S 3icti@té -Go, KPP akd the alloy Fe-Pt, and a phase
change component B selected from Sbh, Te, GeTe, ShyTe;, GeSh, SbgTeasg,

InSbTe, Ag-In-Sb-Te and Ge-Sb-Te. The third component C is selected from

20 MnAs, MnGa, MnSb, and MnAl. Components A and B of presently preferred

composite materials having the formula (1l) are presently preferably combined to

form one of the following compounds: Fe(SbyTes), Co(SbzTes), Ni(SbyTes),

FeGeSb, CoGeSb, NiGeSb, Fe(SbznTes), Co(SbrTes), Ni(SbzTeasn),

FelnShTe, CoInSbTe, and NilnSbTe. lllustrative examples include, but are not

25 limited to, Coss Gesrs ShaziTesss, Coss Gesps SbsgsTess COzs Gerrs
SbarsTesss, Coe1 Ge43 SbasTesss, Cosg Gergs Sbapq Tesss, Cosg Geqsg

Sba1sTesss, Co1s Gerrs ShagTeswss, Coss Gerrs SbeosTesss Cozo Gerrr

SbapsTesrs, Cosg Gerr1 SbapaTesss, Cose Geup SbasaTesrs, Coiog
Ge14.4SbaseTesns, Coz1 Gerrz ShaziTesss, CoseGe15sSbassTess, Fempa Gens

30 Sbies Tesrs, Feoz Gess Sbara Teara Fesr Gess Shast Tesss Feas Geqss

Sbasz Teass, Feqr.1 Ges Shasg Tesr.1, Fero Gersy Sbasa Tess2, Fera Gerar Sbazg

Teas2, Fezs2 Plaag Gesoo Teos, Fesr Pl Geess Teort, Fens Plss Gesas Tessa,

Fe11 Ptoy Gessa Tea o, Feae Ply.s Geses Tesas, Feso Plss Geses Tess, Fo14 Pl
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Gel4d. 4Sh34. 6Te40.9, C026.1 CGel7.2 Sb2z1Te34.s, Co5.6Gel5. 8Sh33. 6Te45,
Fe20.2 Ge21.5 30 Sh16.9 Ted4l.4, Fe9.2 CGel6.3 Sb27,4 Ted7.2, Fed.7

Gel18.5 Sh2 48.5. Fed.4 Geld.8 Sb34.2 Ted6.6. Fell | s Sh25.9
Ted7. 1, Fe%ﬁ%‘*"@'ﬂf‘gf’ﬁ? Sb35. 2 Te48.2, Fe7.z. Geld.7 Sbsz.BéT’%’zP%?’ 0557

Fe28.2 Pt32.4 Ge30.0 Te9.3, Fed.1 Pt4.2 Ge64.5 Te27.1, Fe2.1 Pt5.5
Ge63. 9 Te28. Gespeledl 1Pt B (RiGd. Betes1TosFelem PPRs3 @59, Jererg apd
Fe5.9 Pt5.8 gggc% 6%281.96, Fel.1 Pt1.1 13 WO 2007/ 046769

PCTI SG2005/ 0 T0QGeap Shere ) | ., Fe4.5 Pt4.5 Ge58a Te32.4, Fel.?2
Pt2.5 Ge54.2 Te4l.9, and Fel.oPt2.0Ge52.1 Te34.9 . [048] It would be

mgneti o mat or | BRShy huo B 0an By bR pRRER R At R {Rthece
any suitapl gningeemabns@s MREsaY of#iceinvahtidineam be skl én abhjunblicrhwith dsy
in the optical_ nedia, phase change random a,cc%ss rrem,)rhy [ PCRAE{% .
devi ces,  magRtaRie tyReabAPGRISABA TR IONRAR T e Bibich aBiFiTh tag gptical
menory devi CeS,; | | ' i)t ' i
At ci el o e R R AR SHS (PRI dfdte inageti
t he i nventi oranddet anceesymestoey (MRAM)ndeviers, saljd state mempryodeviees, sensor

reflectivity, sacrificial coatin f. ti are]l

degr adati on, ﬁ?ﬂ@%x%@ﬁ?@%@[ %%&&gﬁﬁggboﬁﬁaéé%ﬁaﬁsyom and
eL fects hami sBanehigctefs egtmhm}t@@f df5thexinisrittond Semohbm'ynm'amgl’aw inctide
phase change conponent and t erromagneti.c conponent may . .be .
present in t A¥HHPEIMArOYRE oederyWo %%Eﬁ?'?iaﬁpﬁt'q i?%r \Hﬁ?‘fﬁ\#t*ngl MQigure
the atoms of ybhed 1850 &xamier 1 al to replace the atoms of the phase
change material wthout resulting in any substantial change in the
crystal structure of the phase change material Many nethods are

suitable for t hﬁm%gxsyzﬂta}aéﬂ \?)r%fotﬁ Eﬁ%éﬁ‘é% HRG ARigrengRIBES b be
of the invention. anples o nmet hods whi enabl e a honbgeneous o
conposi t elsraernibikd fro thee nfaderiaddthanphaseacharnigescarepansel andrtbe ferromaguelis

R e T T TR
deposi tion, ambws deattorgs ofthe cndgiretibanateeipl toareplddeBiBe, atpoys abtheepltne
o eSSy SHESE e Ve R B 8 Bt
i nvention i sga¥RReDF 286 hase change material Many methods are suitable for the
20 synthesis of the phase change magnetic material of the invention. Examples of

methods which enable a homogeneous composite material to be formed and

can thus be used herein, include laser ablation, sputtering, ion plating, chemical

vapor deposition (CVD), plasma enhanced chemical vapor, metal 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 synihesis. 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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| aser abl ation or by |laser synthesis. Preferably, the material is
synthesised via 30 laser synthesis. In the context of the present

i nventi on, Womtﬁ d of synthesis involving dual -beam %ﬁf’ﬁé%"ﬁ%é"%§7on

of differe argets for synthesizing new materials w
overlapping plasma area is included in the term"laser synthesis”.
Laser synt hessed ite heat mirecirsart chyyporersrmpierisissthat @ie dnowted mstto |rakadpg

mat o al st nIPLARs HOSRERANER: 5 ot SHohdnat e BLFReY Sk AT e

materials th are tor y positioning the
nount s such preaursone opbrare st tesst padisiy om substraier earubs qrasitioned | i this

| east parti all a,substrate e positi gl ' ;
over | appi ng ?%%,W'%ret% Sg fﬁ%ﬂﬁ?&?@%‘lﬁé@ﬁ?ﬁﬁ’@%'ﬂégf%%% thergon, s
This 5 progegiceding Besedctibed, fof exatwhiybyeSomy eSangAepi. #hys( Appiol. 79 p
Phys. A Vol. 79 g 1349-1352, 2004). [051] In another aspect, the

i nvention rell34%338% 2W4dptical recording nedium for recording

I nformati on, conprising a phase change nagnetic 10 material, said
mat eri al conprising a phase change conponent and a ferronmagnetic
conponent, wher[51] saild anatoen aspesthilts inveptiom refatpseta encppticet reemeing

o manuf act IECHG afrookdio e mgfling Rt 3F Bsg Lot EIAE

o kitl ! | in 1(|her@ljtérfal,al‘séidie?@tlegtaedcémpriﬁ'ngnpl qglha'gc_a bﬁam@al eac:ium;?[r}m, erd. a
ctual 1 nmp enentations o SucC an, opt.,ca I SC 1.0
DVD- RAM Dvofw@smﬂwnmqmﬁnbywrherﬁﬂi .mﬂ@@ﬁﬁﬁﬂg‘f%gPﬁh”@PE\ﬁ%%Fge“

of opti cal d?ﬁ&i}hiaﬁé!cHQhé@e#éc_%??‘hé“deQign*’tﬁ'é?ﬂé[ﬁnia}’drsg%rsﬂdi%nmmthod of
field optical recording, nulti |ayer optical recording and . _ .

mul ti-1evel mecwfanturinghayeptine disctase daBpade the PeweE M avergsskillinithe art
recent year . ; Hge 164 d r}ﬁ{pg' i f
accordi ng toap?'nt(aa:e ggﬁ?#}ﬁte%%ﬁ{plﬁ%éﬁu eﬁa}%}ﬁuse %ggﬁ%%galchang%@{rtgﬁ%ngn’?

access nebdr guciPERANticalddist dredydenBHBW, DYRrRIVh BYEERYY, nBWEH W NERENRY,
devi ces, sol| e i r i ' : ;
devi ces, cogkﬁ"ﬁ@'dm%efﬂgéeﬁ?%%ueﬁgﬁeiogggﬂ g%%?r Igl%mgg?l cdés,csar‘{ﬁth
sem conduct ohslogedpHyOR2brding, awtau dield spiicad mecoriimgnatulib fayee optiedl geording
medi um whi ch has a_ . recordi | ayer, co i Si . ri
Mvent] on | <2 UGARTErTRg P 0880 i SuBet AE TR, (Beatth tYecent
ei ther cryst gbhdsNeOBBALeOofi theapiigehehange magnetic material according to the
20 invention include the use in phase change random access memory (PCRAM)
devices, magnetic random access memory (MRAM) devices, solid state memory

devices, sensor devices, logical devices, cognitive devices, three level device,

contro! device, and semiconduciors.

25 [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

30 material’s melting point or crystallization temperature. The material is meited 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 signal similar to that produced from
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phase. During recording procedure, a |laser selectively heats areas of
a recording track present in the optical disc above the phase change

magnetic 3 I.al,'s nmelting point or crystallization .
The materi %d@gﬁ%ﬁa ed and subsequently 'frozen' by quféﬁ%ﬁ’ég@wﬁg

the layer or is crystallized. The reflectance of the anorphous areas

i s much di f fléedits andiandsef a ROMRwediget Hie Fhrnosinspticalietostanty ¢arybe
readout, giv, | ' Wy ; i i
2007/ 046769 %%#tgggﬁ%g?@o%g%ga&aﬁgmg?ﬁecgﬁ{éﬁ#g{r?ggl"g'?d‘l QQ‘”Raf"wéf’@”“é@d%i’df@-
The change igaropz reardedby ecssingcan exiatingerecariad si@nale@ﬁi%éhm%ﬁtﬁﬁéé the
data on the ' ' I S| : b

Focor ded by BSEePityILaTE Warfnd gttt 5, Do 8RR, SBfie nomhous
t he Ihasers oat‘eastalng ﬁieetrari]cﬂcarredrieggnédiwmé)ewsgaﬂw bhrr]@eolvyeammeﬁlieg tsabove
anor ous 5 areas, along t rac e.retur t the ,cr talli.n
Shase by anrBaI TGS BoR, WL e e o1 Ksaiepd vaseh hed jae Mtapl 1 Tocaly
focussed | asgdatb@am at Renp@rbRid 8df bEploRk@dtbly bERAIRIHO el MRIG! HAG

of approximately between the nelting point and crystallisation

t enper. at ur e Gryptaliisalian temperatuses foron certa Teterdioneime dn exdentogwmy eut re-
crystallisat] Sk : C [ 8PS

t he anor phou%r?%“%#z@sr!é%yo‘@xﬁrgg% ?ﬁg %%%%@h% haggarr%%t | ngﬂégﬁﬁﬁ] Hﬁ%ﬁgrﬁhﬁus
quenchi nditasphimechy heatirgbabove th&maeltipg poind,stheamuieachieg eatdeschzadabbve.

t housand tinmes per disc. For rewitable, .optical. media, .the .

backgr ound | LIF PracsRs Galk BS "preAted spvral ipisand s heludeaTer rapgitshie
phase changepgiRaNgictif, R Badkatouid i§ resdry easéprefrablgicpdtdliingratie media
be witten once. For wite once_ nedia or_so-called "recor%%bl e

medi a”, the USBO phaRyFRERaP BROPRS BRlial ghingnupRting oAy igp e MAde & be
anor phous. [ {fdn Andeher&iamRit | oe \Widia t bie SBRdAEH trebsrdabe hiddY the

changed between anorphous and crystalline states, the magnetic
properti e dackgeoundtathafissicanthe eiihayenysiadine o aerrpbaondi ngl y
changed because of the structural change. Thus, 20 this structural
change can be detected by neasuring the readout signal associated

Wi th the changd0b8] madkidhé sapedipe, when theimeatblialis réversikingbangasd betaeen

ot e ok BRBH 8ol Bhfad YanBRAE HacBIL SOAES, LR e
The recor di ngvestmsist gorssspoddinglyt ctemgkdrbecatse wif lthe Istruttucal edomagde. Fous,
Co et o RS hiT e 5% B BBl 5 RLhg SHLCRLAREE signa
associated with the change in magnetic properties. Finally, the readout signal

from the contribution of both the optical reflectance change and magnetic

change is detected at the same fime and at the same point. The recording

density and data transfer rate will be increased. For conventional phase change

25 media, only the optical reflectance change from the material can be 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.

30 [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 intgrpreted as binary data. The-
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For the material of the invention, both the optical reflectance
change and nagnetic change can be detected at the sanme tine and at

t he same pwd%w&lﬁ%gation). The recording density and d?{:@séiog‘g@;’%’es

rate will Dbe Tncreased. 30 [054] In utilising the nmagne
of the material, conventional nethods used for reading and writi n%
magnet o- opt i wdkctgd dight variebeaccardingtb the magretic sledanstared duy thegdisc. The

porar | Sat | on i ees it ehdfg R bElr hE i pfREnt Bt a FRARERC Rl o' the

16 WD 2007/ 0#G#ee d?di¢ SEROEE BeO3SBRct)r fd esre df polhized dightds shooendithg

to the magnetic data stored on.the. disc hanges in |j. .
pol ari zat i onSLgfacC&r {W@%{B@O ar‘]'éafb?rb%ﬁ'gé'eg?&ggﬁﬁéﬁ'e‘f’ CC%FFQ? a‘*@ﬂfyt@é"“a"y
surface ofs tlags dhak (Hheprbatied eft figctaflecidd #robrammbgmaizani a@thdel dhtthe
i's shone on the surface, the |ight pol arléatlon of etl‘ge refl ecte

i q) ] d
beam wi | | ch@gaetsatign is \everspe) Ef%qugaﬂsellﬁeg atigaiionyhe esangled's reversed
reflected f ré’%li.”ﬂ@ﬂabﬁgfzeﬂuér%%‘? R’it%f- chiifbt b@&éﬂtihif'ég?d!%idhi but only in

reversed, the change in polarization (the Kerr angle s reversed "as
wel | . The mageietizedeliyhdr Bae chapge is direstiom of megnedzaiionrcandypuassociatemhwith

but only in ri I Laht o Tk ha .S i t . .
magneti zat i oﬂ&ﬁé Sb(ﬁgggsgﬂga?@&m\% ﬁ}? &%&%&@lé&&rdaﬁ. @h‘[ﬂg gﬁclog%n%gthe
the storage kht hatamesdskengddusd ftgcdre heat theg matbdal 10p |td ghe Gt pemt or
stronger so it can heat the material up to ééﬂe_ﬁ}i%i% oi nt olr
conpensat i onSATBRYERHEN  EMRPTAULT ) 3 %g@?. SRt ! TUF | DRESaAn electromagnet
el ect r omagneposifedt bANGE %Pbiﬂ% QRBOS tife Hidee t@f cHaMgedinec Idcal Hhadtasic
the local magnetic polarization, and the polarization is retained
when t enper apelagzalipopend the polagestion isaetained wheartpairertygdreps ths fact

drops at hi 9@1%5 tﬁ@'ﬂ?&%aéﬁg %Beﬁzli\}itwﬁrogg%t hégi%nﬁél%it%§dalﬁﬁi@2ﬁ%§rﬁally~

recording to be carried out wmth'relative gnetic

[055] At theassisted thagnetishescordigitto pedt aaitiest pohwith readivalyt wealsimagnetic
changes becPLﬁe of the magnetization reversal, the structure the
invented nat €T al is 20 reversi bl y changed between anorphous and
crystalline states, this change can be detected and a refl ectance

change i s obser fr he readout signa because o truct.u
change. Fi nal | yi088he' dithe st iR, uiied Bht poRREHTEE! trEaRREHY( hagpes
of both the bédgikeRsl Al maghetizatibangeeal thptstaeture ethbanianed ndtengeis
Is detected at the sane tcj ge and at the sa dpoi nE./Iog{:%tioR_. ‘I:‘he
recor di ngzo reversibly changed between amorphous and crystalline states, this change can

be detected and a reflectance change is observed from the readout signal

because of structural change. Finally, the combined readout signal from the
contribution of both the light polarization change and optical reflectance change
is detected at the same time and at the same point/location. The recording
25 density and data transfer rate will be increased as a result. For 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

30 increased.
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25 density and data transfer rate will be increased as a result. For
conventional magneto-optical nmedium only the light polarization

change by u@%ﬁ*ﬂl“ﬁ ~heverse can be detected. For the %(g,f/gé%%%uﬂgge
0

i nventi on, e’light polarization change and opti

refl ectance :54!;' be det ected at the same tinme and at the sane
poi nt. The r &&EBHE . eSinta transfer rate i s consequently
30 increased. 17 WO 2007/ 046769 PCT/ S&005/ 000357 EXAMPLE 1: Laser

synthesis Synthesis procedure [056] The schematic di agram of our

| aser synt he&@f@iﬁﬁﬁﬁ@shom in 5 follow ng Figure I7<(312)er The
synthesis was c jjed ¢

f?lomthe | aser Edgd\l/as h{% lf" %i Ewgr%g @Sﬁwaé%mﬂe@? Si"étem% ‘Wﬂ@

f ocused on$ offtllmwmg)tFagumgﬂlaar g’é&gsyi’t#hw[st hva*sl/\@afrmuﬁuﬂl ﬁﬂ%ﬁémla@r 81 8a ek
fl t ver |l appi ng plunes we

\;I)Mr f)guf:gg glnde%' QW%?G B gﬁﬁa&@ Fﬁﬁé@? tpp RavEes WA sliber 12,

target is bean&weré fécmd @td@md/r@tﬁﬁng fﬂ?&et&wmﬁﬁhﬁﬁfo%u@é{ﬁegglgﬁgg%

Wi th respect he | aser beanms. Facin the targets at a
2 to 8 an s tt}‘ﬁt%dﬁ Wesratisatiore 300 Twe pvaﬂamm plsltrmanemspmdﬂeéd on

hol der 22 b t he

| aser onto %/ﬁgbéft%?%ggﬁ% ensgl ZWE %6?@%&1 éggffjﬁgg%fls E%

was achi é@/edlcm tﬁhatargeﬂsom‘eenumatedmﬁtF (mﬁthtre$ Og@{éﬁqéseﬁg@nw (pn\%fp,g
ature an

syt heat ped T BTGIF 8t AETRanGs BT 24P yorty SHUFRE 20 2G50MpUREdorea tuo-inch
repetition reatamials s]t@eil'ﬂ?otdékf:!?b}ébﬂ\%?rpas@ %Q%b%m@&eﬁ%%&ﬁéc@k e $ffifed

cooled to ro m t enper at ur e I n the cont ext esen
i nventi on, et dher °§‘ﬁﬂ%§$@§ Aobagkgourich gradstfe lméai‘m{hssé'nrr was

abl ation of Qéﬁlé\ﬁsrdeﬂﬁhteﬁ‘ﬁﬂ%:ﬁofe%l n@lﬁﬂfﬁd&';ﬁ'& 5’t fﬁaet& vﬁ‘gﬁﬁpgerature

t he overlapplng pl asma area Is ter ser syn SIS
met hod, the Wadnhshuers réarn|tanipetatatcoand 900! ¥ UTles syethesized Meatelidld Swere

d I ter hesi s ar.e hi energetic evaporants |
ag@;(ra]ner gt 23 b @p%:gll%@é@{\aﬁ- o@bﬁs})hgmﬁgﬁ %fasrﬁg?{'t}/qna@? Pult@eliz1 bfter laser
ablation is smhﬁﬁs tied pnaterideWery eodléd RO RApaaluAd.i ON to preserve
stoi chionetry during mass transfer fromtarget to substrate, which

makes conposition of new material easily controlled. Since
[057] In the context of the present invention, the method of synthesis

20 involving dual-beam laser ablation of different targets for synthesizing new
materials within the overlapping plasma area is termed “laser synthesis”. In this
method, the components including atoms, molecules, electrons, ions and

" clusters for material synthesis are highly energetic evaporants generated by
laser ablation. The use of short laser pulses 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 compasition 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 mexpenswe simple and
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| aser interaction with gas-phase species is relative weak, nany kinds
of reactive gases can be input for material synthesis.

It 1s
flexible i @d%ﬁ/ﬂ%éynt hesi zed el enents and conpositi op%ﬁg(;%)oéﬁ}ﬁk,%gn

target, | aser uence and input gas as well 30 as substr

within the overlapping plasma area. A preferred single crystal
substrate carfaﬁtéoégﬁ@@ﬁ'zﬁ@eﬂ\@aateﬂafscryst al . growth of new materials.
It can also heat the substrate to high tenperature to provide an
appropriate environment for new material synthesis. The method is

i nexpensi ve, si )& anACqugin@Goztb@mM@?eﬂpe?ttﬁérﬁ&wfdi@ﬁ%@ﬁe theRdt was
condi t1 ons, | SoSE BOf Fe. O Fplly e Brockas st Ram doneaTes
target was3selnddtels.fTree Gepo 2T phasd charheGRagnetit e riglovdre hiHalpse.
Co- o b To. Y CErepel GRESE SHHTe cES Fie-Shsieoabd THTBr GecTipaypiertn Bre
the materi al gopipodifieRbVBEEMaRARKSHSIDYed WY %%gﬁ;@fg%%i}@h%@tmn

spectroscopy (XPS). The crystal structures were
The magnet i EPCElrescery caiPand hepenstal plrugieesi weravanalyaizedt byt XED. The

mtori ol suoh arele ey B e oo Ry B A Rt oper 1

whil e phd8e change nmagnetic materials of the invention show magnetic
a and 3b, the phase

roperty. In c rispn,_as.shown in Figyre .
(F:)haﬁge )r/ragnet i c%ﬁerig’f’ sfigwigy i Wrﬁﬁlé%zc’ﬁ‘gté @!WPB"Q@*S@WQ@M”QG
magnetic propeténsaltsuoh b EGEISHSFeL BADIGeTEBAMYilsCalfth &ridtt ﬁtroBﬁrtg while
anor phous stabe. This indicates that maghetic properties of’ ase
change magnePP@S&abaNgeaMmagrelic wmaterials of e invea @ésbﬂwpﬁafeetmmmgeﬂy. In
magneti ¢ mat gsmshr R [ ] ng .
. cont rast chaﬁg”gﬁﬁzﬁﬁsﬁ%%{g_ﬁé%@e Sar S PREP R Radbitbitege

a pul se | bsefl Foypialife gates exhibitmalgengaignagnaicnpropeity thac trer phag timnge

i : ' ' . .ndicates that. the phase
one o e plghb Bt e Se Bhr B AE T b dAbe 00l Gl
anor phous anhaﬁeyghmge magnietic esateribl vdryi witlsiavistate chahgai dfhphsasehange
change mat er L abynatic material.

20 [060] Figure 4 is a microscope photo showing contrast change between
amorphous and crystalline phases induced by a pulse laser for the phase
change magnetic material according to one embodimént of the present
invention. It indicates that the phase change magnetic material has different
optical properties between amorphous and crystalline phases, which is similar

25 with phase change material.

[061] Figure & 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

30 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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[061] Figure 5 shows a table of data conparing the electrica
resistivity of conventional phase change material and the phase

change nmagpet rial according to one enbodi nent o t
i nvention at 2|<'91€77{5rpﬁgus and 30 crystalline states. It in%?]ggk?zgﬁs)g'@g‘%ﬁ

t he phase chqﬂ%%inpterial and the phase change magnetic materi al
exhi bit rel ati f?'large differences in electric properties between
anor phous state and crystalline state. This neans that phase change

magnetic materi gb%%as simlar electric property with conventional
phase change 1 2007 FUREASD NbETe ShR0asMBU0sHy matetaly ofthe IiGHEDN hot

summary, phasmiy s BRaBslhscRbLE Eb@{&gﬁgaslgﬁ\aéaegég}{gg@#eﬁag Wit aiso

di spl.ay characteristics of convention

al so 5 nagnéRagngiicdperarties anthdhamnatesisticsrofsoagretiofsent@mneutor materials.
sem conductor materials. [063] Figure 6a shows the XRD profile
characterising the crystal structure of a sanple

Fed, 4Gel4. 8Sh34[06446. Bigufs @mnsHusvss @he KROM grbflef CAMMERerkig. the crgstal

mat eri al exhibited cpystallipe peaks, thus confirm ng the eXistenc

of a crystal |SPH§?‘E%°E%§§B‘ %Ee"ef‘%lféi -ssgﬁjems- SpFsrhes sermbemdbel figure, the
300C." An analnysésal@xhibited Reakalli b4 14O, A bl Ly
structure of Q%he syr)1(t h(lasflsed Il&rﬁtﬁ%&&sr Q%&t@gﬁﬂ@q@%& %@%‘ehggefén%ﬁ}é?a“#@
the crystal SNpsRidirereiCazsbJispaustem [systiesithd at 8001Q Arnandipsis oftHd sexk
a Fe-Pt-Ge-Tgns e 5 nt i.sed,according to the .
synt hesi s prggggﬁéemggggﬁ?cﬂgzhaa o&@é.( @agnﬁt@‘gf%ere(?galt&% t pthesised
conposi tion 6Fs.4PresspdsrEads s edbersingiar & the@natal structure of GeyShyTes.

Fe4, 6Pt 7. 3Geb5s. 5Te28,6. Figure 6b shows the XRD profile ,
characterising the crystal structure of the sanple. As can be seen

f the XRD dle, THe seBbey | ki '
romthe pr 6] e sEBbIR! isampleexBinpritad &Fﬁ&itaééfrgels:%?%b_slagf%%

confirm nﬁ thetﬁxi.s%fnce of a crystalline phase 20 for a
syst em syht h&d1lResised aGOrRINAo, 428 yinthesis thiecqshis grrsribednabove. XPS

i dentified thadlydibe revasdddl that r - y L4 .

Fe4. 5Pt 7. 3Ge 9,y'lf'e2§. 6 to bg?t s?!fnﬁ;?%s?lﬂ (%fhhgh;é:r3g{?§%§§§iu§aﬁ?l@alofm be
GeTe. [065] gﬁ@%&&ﬁ%@ﬁ@%&ﬁﬁﬂ@%%@%@b@%@%chaaﬁtegia'rngsthéazrysml
6b, it 25 cg C ' eri,al s hav
Shilar oryeqperenie SaRol s RaA% SRELHonTAAR G BN, il
change mat er PAIbitasheryplefine neske, tusopnfitieing dee iekisteBre gfessiyblatine phase
expl anatign #ph @P?—G@W@@i&é{m's@nfh%gfseﬁ ¢ 388 B analysis of the peak position

identified that the crystal structure of the synthesised FessPt73GesosTesss 1o be
similar to the crystal structure of GeTe.

[065] Based on the experimental results shown in Figures 6a fo 6b, it

25 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

30 structure. Therefore, the new material exhibits not only phase change effects

dug 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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of magnetic materials have replaced the atons of phase change
materials in the wunit cell of the phase change material, wthout
destroyin j jpg its crystal 30 structure. Therefo

mat eri al %%ﬁ%giﬁgt only phase change effects due toﬁﬁ/g&fé%ﬁ}fﬁﬁ}gg
crystal structure as phase change material, but also magnetic

ef f ect s causAMy LELS NHHhedsS-OVHSPWERIINAY i ¢ atons in the crystal
structure. 20 WO 2007/046769 PCT/ S&005/ 000357 EXAMPLE 2: Synthesis
by sputtering Synthesis procedure [066] Sputtering nethod can be

enpl oyed t o Synihdsisprosedire i nvented 5 material. In our sputtering

system supplie Le Y ' ' I j

fiygure 7(BI)O, tdgg s§gﬁ{t§w£§%¥§%‘§%§gs§e§%§%@g )é'g'lﬂ)thk%igé itﬁé’gq'%én"Eled
cat hodes gr anatesitikl lredoandsgutieringarsystem guppliieshibyh Layboldabédduenh DEd
ceparated FABRMEHCHYOIHREeNBYS: HPbiogrC ShHBiaS o BItmass W &
targets in fdsgubfng chthoddd ald Ristaiicd andSolStargdts, 2 oPWhRh de labelled DCO1
wat er-cool ed rotation table and the substrate 'holder as placed 50mm

above the t @ngePE02ans theriheearaigbelas BROZ and 5-01s 6 Pbysieallysspa@ted
open or c OFfom'e cneottlxcf]&?hrd% Lb%sﬁi%ﬁg%gﬁaﬁ\'ageg ‘éPé hﬁ@éﬁh@%%&?gﬂ@?ﬁ&ﬁ éigbr?

substrate, targets and s er are placed Tn a vatuum ¢
gas 50 i 40 iTHe cstapedubsitate tliee aharhateradoolesivqiatiors talde cand iheesukzmdrate

the sputterin as. A 15 gas plasm jS struck ,usin r..squrce

and the gas nes F?'%‘?ﬁdzggr.“"%?g’ov?o{ﬁ‘? %’%&ﬁcébpéefsg‘f“gﬁlp%gemﬂ SAQ be
bonbar ds t hesdn@bed tSbé bpeR or tlRe! RIuRedh @itSiargate abdaiuestratbfholdepnThe
the target and deposited on the substrate surface. The thin fil mg{i%

i nvent ed natsPpiats freelsandahedenare placed kg vagwin ghamber. AJoQy8es P

under the ai; j }
iTe 20 conloy cRRaRl BRCEHARMRL A 00 redsule fhd UEl 22 e RpRASHTTEAS. A

Recei ved 1 Ngaschiagineds sitek usiwged abwedsewce Bndahrasjesnsnss ipniasd. The
change magneflgc alceoa?c%ﬁréﬁad BEFdPhn Y BAds e tAGEDsiRRRC I aRId: 8fnTs
and phase change effects, conprising:
are broken off from the target and deposited on the substrate sutface. The thin
film of invented material is fabricated on the substrate by pausing substrate

under the aimed farget and opening the shutter during a programmed time

20 controlied by a computer 60.

21



5 a phase change material conpongnt, and a ferromagnetic material
conponent, wherein said phase change magnetic conposite naterRGE/SGA805/000357
a single crystalline phase associated therewith a first nmagnRédetved 1IMarch 2007
property and a first phase change property, wherein atons of the

magnetic materi al conponent have replaced atons of the phase change

mat eri al conpor¥hat i plaintgsd l@nit cel | of the phase change materi al
conponent, w thout destroying/disrupting its crystal structure, and

an anor phous phase associated therewith a second nagnetic 15
property and a setoAdgsieacuirapsemhapge magnetitecanposith ematede exhibiting

bhase, the mat or i al PORaTeRe Sfectd AR aldsk iR Ascl SPMotged T o
phase changeSproperties mrﬂaseschar@gnmaterlaprdmwme% artD a2 ferfidmeaghetis e

change magneti c mat r 1, wherein said first and said
second phase changeﬁﬂp g{% rg,po&}gﬂ] conprises at |east one property

selected fromel ectricalwhesinstivity, thermal conductivity, |ight
reflectivity, refractive_ipdex sSor t|o coefficient i electric
constant, 25 and ther ndﬂ‘acgﬁ?afsﬁscﬁa @9?? @lGBWFOS'ge mglaldisse change
magnetic material of CI a mglemwﬁalltm@h&mamﬁtéd ﬂﬁtew&ﬁnﬁi fﬁsfilnfﬂagnet[c
second. magnc—ibn c pro | east one

0

Rinaciiobehdn of: 3 o
sel ected fr satur P8 yrﬁg nBt PO CRYWe:Peetye 5‘ M Of By
field, uniaxial ani saynety materiar amgshent %ﬁﬁ@%@%oaﬂ%ﬁﬁb' #RtheO phase

amerat e o5 AkangE S ESpBRl fu et SOPBEES ShoSteranse st
1 March 2007 compqnent, without destroying/disrupting its crystal structure, and )
‘ an amorphous phase associated therewith a second maQnetic
15 property and a second phase change property,
wherein When the material undergoes phase change from
crystalline phase to amorphous phase, the material exhibits a
corresponding 6hange in both its phase change properties and its
magnetic properties.
20 ‘ |
2. The phase change magnetic material of Claim 1, wherein said first and
said second phase change properly each comprises at least ore
property selected: from electtical resistivity, thermal conductivity, light
reflectivity, refractive index, absorption coefficient, dielectric constant,
25 and thermal diffusion coefficient,

3. The phase change magnetic material of Claim 1 or 2, wherein said first
and said second magnetic properly each comprises at least one
property selected from saturation magnetization, coercivé field,

30 anisotropy field, uniaxial anisofropy, squareness, remanence
magnetization, = saturation induction, Curie temperature and
compensation temperature. .
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4. .The phase change nagnetic material of any one of Cains 1 to 3,

wherein said material exhibits at |east one physical state seP&3V8G2005/000357
Yrom a crystalline state, an anorphous state and a parti al Received 1 Maxch 2007
crystalline state. 5 5. The phase change magnetic material of Caim

4, wherein said material exhibits different electrical, nagnetic,

| oast one. physi ol oy, PRasg eAafRt iBhoicDfBRREF b anflor8 oA 3! 6 8!
any one of d ains 1wWaefel SaidLU’aW(ﬁ]éE ehiblisatdeashobe physisal state selected from

crystalline state hag taﬂm@rsfétéciahlxén%frpﬁ&us's?aéfan? Q%I%léﬁarléry%[ﬁgégé?e. 7.

The phase change nmagnétic material of any one o
wherein the resistivity p of said material is in the range of

1x10' kk2cm 15 03 . i .
of 1 x10 4stom <% 1 PAS RN RaoRE URHA &' Gl & Whorkl b RDHE,
di fference of said siuhisidifferer etontrieal, tiagnetieothenoals crystatizatmndancheptical
crystalline state j ! L ; . 20 8. The
phase change mgne?ﬁ%a%ﬁ%g?tf%%hgfgﬁﬁb{l%%%‘%‘% %V%{?anitjss?ﬁﬁe'to 7, wherein -
sai d phase change material conmponent conprises at |east one el enent

selected from G @u i : ri_odi | e .
The phase change%hgglnéeb F%SEI }Fﬁ%ngg?rg?&%%ﬁc%n g{e%égsfg r°§.gn&t§@%%és* 5’25
change mat etd al conpmieintsaicsmateriel iorteatrysiallice tstde hasm dokesivity ofipt least
consi sting of Te, As, Sb, Bi, G, Sri, Pb, Ga, In, and
Ti. 10. The phase ch%éjr?ggq' rga%g%ee Sc material of daims8 or 9, wherein
t'‘he phase change conponent conprises a chal cogenide alloy. 30 11.The

phase change naggpet al ' o . [ h .
chal cogeni de al | 23/ trfs\e @%&F@d‘%r%ﬁ%%@%#@ﬁ%’%é@ s%p%nog %l?m?sné to 5,
"following systens:wheseifidhe Sisistigty Snf Jad nBterBdjs ihnhSemngEaiSEnT ¥ ocm <

Pt-Ce-Te, Ip- Amende e I AU PCT/ §G20Q5/ 000357 celved 1

Mar ch 2007 T e, Frev P flom AAngiohik “gidgpd i heginde B BBh e s

Sb- Se-Bi , . 1x107°Qcem at crystalline state, the resistivity difference of said material
between the amarphous state and the crystalline state being in the
magnitude of 2 to 108

20 8. The phase change magnetic material of any one of Claims 1 to 7,
-wherein said phase change material component comprises at least one -
element selected from Group B, VB, VB or VIB of the Petlodic Table. |

9. The phase change magnetic material of Claim 8, wherein the phése
25 change material component is an element selected from the group
' consisting of Te, S, Se, Po, P, As, Sh, B, Ge, Sn, Pb, Ga, In, and Ti.

10.The phase change magnetic matetial of Claim 8 or 9, wherein the phase
change component comprises a chalcogenide alloy.
30 ' |
11.The phase change magrietic 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, [n-Se, Ge-Sh-Te, Pt-Ge-Te, In-
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Ga-Te-Se, In-Se-Ti, CGe-Te-Ti, Ce-Te- Sn O Ge-Te-Sn-Au, Ge-Te-Sn- Pd,

Ge- Sb-Te-Se, Ag-1n-Sb-Te and mixtures thereof. 5 12. The phasePﬂﬂ‘S@lﬂ{’S/ﬂﬂﬂ?’S’i
‘magnetic material of Claim 11, wherein the chal cogenide al [Regeived 1 March 2007
conprises a system having a formul-a sel ected from the group

consi sting of Ge2Sb2Te5, GeSb2Te4, (GeSb3Te4, GeSh4Te7, |n3SbTe2,

Ag5!1 n5Sb6oTe30, Sb2§eJe ﬁB%Eeﬁe A@QZ@T@%& SETEE SnFRIe, BWe-Sn, Sb-Se- Bl
Sb2Te3- GeTe, 10 13. The, phase ch ang %&n etic material_of any ong of

Claims 1 to 12, V\h@?gerﬁ%aincﬁq"& bt 7% TRRNe? Q@%ﬁﬁ'&ﬁlelﬁe{%“sn"

sel ected fromthe 9§ Qu@SBONSEE AR SH-TESNd Aixiuls thérelt . CoPt, PdCo,
- TbFeCo, GdEeCo, CoCrPtB, CoCrPtTa. 15 14.The phase change magnetl C

material of any one of Clainms. 1 to 13, wherein said material has a

conposi tion of fopMha ddake Enddge %%g\“f@ﬂ’é Ghéteridd SENQhES ‘F1hewhereln the
ferromagnetic material ‘conponent; B denotes the, phase chan

mat eri al . conponent ; Ch@‘%ﬁﬁ'ﬁésﬂ“?!ﬁéomﬁ*ﬂw BENSHRE hB‘éF'ﬁé‘rfPE@]‘éa éﬁl%ﬁite" from
wherein 1% 5 x:5 S0 @'8@;) c%ﬁthuﬁﬁPé@ B, &, t@é@dﬂ@} %ESBA'P%E IYRTE,

of B, wherein 50% c 99% ase changé magnetic materi al
of any one of d ai n*@a&b'f% &%[nﬁémTﬁg. bafeapiil e ShrdRsof el £g8h; ynd

30 AxByCz wherein &, % a ferromagneti c conponent; B denotes the
phase change corrponenzt mended Sheet | PEA/ AU PCT/ SG2005/ 000357
Recei ved 1 Mirch 2007

13.The phase change magnetic material of any one of Claims 1 to 12,
whereln said ferromagnetic material component is selected from the
group consisting of Fe, Co, Ni, FePt, CoPt, PdCo, TbFeCo, GdFeCo,
CoCrPiB, CoCrPtTa.

15
14.The phase change magnetic material of any one of Claims 1 fo 13,

wherein sald material has a composition of formula (I}:

AxBy
20
wherein
* A denotes the ferromagnetic material component;
B denotes the, phase change material comporient;
x denotes the total atomic percentage of A, wherein 1% < x < 50%, and
25 y denotes the total atomic percentage of B, wherein 50% <y < 99%.

15.The phase change magnetic material of any one of Claims 1 to 13,
having a composttion of formula (Il):

30 _ T AxB,Cqg
. wherein
A denotes a ferromagnetic component;
B denotes the phase change component;

et
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C denotes a manganese conpound conponent;* X denotes the total atomc
percentage of A wherein 1% x!9°40%' vy denotes the total at EWSG2005/000357
gercentage of B, wherein 40%_ y < 98% and 5 z denotes theRdeoivad 1 March 2007
atom c percentage of C, wherein 1%<_y _< 20% 16. The.phase change -
magnetic naterial of Claim 14 or 15, wherein Ais selected fromthe

group consisting of ¢Candkd | eE@ i's selected from
the group concsisting oq‘ Ge- g cgﬁﬁg?urg%b, I&r]]SbTe Sb70Te3o0,

Sbh2Te3, Sb, Te and Agienm&)thmtotalatomimpMastageMn@ewha@neﬂP/cs xs 40%,
material of any one o Oal%‘é&j sel ected fr the qro o
consi sting of Ce5,3Y ‘?’?Lai? lcyper@@'gageo B, g 40 0<y<98/°
Sh30, 5Ted44.9, Co2,8 17.9 Sb31.9Te47.1,. Co6,1 Gel4, 3 Sb33Te46.5,
Co3.0 Gela, b Sh3041 e45, 2, Co5,0 Gels6, 9 Sh31, 6Te46,5, 001.5 Gel7.3

Sb32. 9Te48, 35 005, 4z@hbtes He30t&h athhic Perémrtade @QYWEG%IBZ%TW 26%.
005.8 Gel7.1 Sbh32,3Te4d44,8, 004.6 Geld. 9 Sb33.4Ted7.1, Colo.

Gel4. 4Sb34. 6Te40. 9, 0026 1 Gel7,2, Sh22,1Te34, 6,

Q05. 6Gel5. 8Sb3s. &T@#ﬁe g@%%%nétnoﬁhé@n& @@15%14&1,5 ﬁﬁ@re% (3916 3
Sb27. 4 Te47,2 , Fed. 18 5 Sh2 . FedA

Te46,6 , Fell.1 Gel5 §o’§§e@0fﬁéliﬁ°nlthem‘épr@§!m qf%b'ﬁﬁ Fﬁl ar@zt‘@"}it
Fe7.2 Gel4d.7 Sh32.9 Ted5 2 , Fe28,2 Pt32.4 Ge30,0 Te9.3 , Fed. 1
Pt4.2 Ge6d.s Te27.1, Fe2 1 P55 Gooa 9 Te28 4, Fel 1l P27 Ge6a. 3
Te31.9, Fe4l8 pt713 G, %fepaezia‘m thergoumeicsistingpige-Shka GesTe. aelh

Pt1.1 Ge53,4 Te3l, 1InSH'_f%4S§7 ﬁ@z?%bZTJE?f@A AIn-sgerd €1. 2 Pt2,5
Ges4.2 Tedl,9 , and Fel, oPt 2 f e34.9 18. The phase change

magneti c material of any one of Clainms 1 to 17, wherein the simlar

crystal structureiofhé fmawbﬁémgﬂ mb§ndk Anﬁa@ﬁél oﬁél'ﬁrsér?é‘Bf @le)is Synh | @,
to the phase change mat eri al nponent . wné?ase change

magnetic material ofeIgHEd Jin dlpe @F%%DHSISE'BQ I@ Co @it e P2t e mid0zs
cel I of thejsrystal Gaifushyyl;Pef, thes r@lﬁf By SFORRT GRS @1 2 BHRITRAEd
Sheet 1 PEATAU Cozo Getas Sbapy Te45,2, Coso Gerss SbaisTeswss Cois Gewa
SbazoTesms, Coss Gerrz SbypsTesss, Cazg Gerrz SbasTesrs Cosg
Get7.1 SbazsTesa, Coss Geag SbsssTesrs, Coqnq Ge1445bassTesns,
Cozs,1 Gerr2. SbooiTenss CossGerseSbmaTess , Fega Gezs Sbigs
20 Teasra , Fear Gesgg Sbara Tears , Fess Geras Sbast Tesws . Fras Gens
Sbas.z Tesss . Fesr,r Geis Sbase Tears , Fero Gesy Sbysz Tessz , Ferz
Geqa7 Sbaze Teusz , Fezpz Plans Gegop Tepa . Fess Pliz Gegas Tears ,
Fez1 Plss Gesas Tezss , Fer Play Gesss Tess , Feus Plrs Gesas Tezs
Feso Ples Gesos Tezss , Ferg Plig Gesos Tear1 , Fegs Plis Gesss Tega
25 Fe12 Plos Gesez Tens , and FeqoPlzoGes 1 Teass.

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

30 .

19.The phase change magnetic material of any one of Claims 1 1o 18,

wherein, the unit cell of the crystal structure of the material comprises at

Y
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PCTI. SG2005/ 000357 Received 1 March 2007 | east one atom of the phase

change material conponent and at Feast one atom of the magneti pCT/SG2005/000357
mat eri al conponent; 20. The phase change magnetic naterial OfRREYVe® P Rarch 2007
of Gainms 1 to 19, 5 wherein said material is synthesized by a

met hod sel ected from|laser ablation; |aser-synthesis, sputtering,

ion plating,  chem calga¢ppRE at&?%ﬁ?ﬁéb e(&‘t\é% ngos ﬁhﬁ%ﬁ aﬁd at least

chem cal vapor, netal organic em c vapo

coating, nol ecul ar beBEfEEN obike maapptic rse@ﬂelcbosmlonemton growt h, thernal
pressing, vacuumnelting, and crystal 10 growth. 21. Use of the
phase change magnetic material of any one of Clains 1 to 20 in a
devi ce sel ected frdmibptiheae dieate maghetie matemiabjef ray doenofaCiaigest to 19,

menory (PCRAMy devi C%erﬁggﬂaﬁ&eﬁﬁqg g@ﬁg%?es gﬁéﬁ{m% 8865@'\40"' laser

devi ces, solid. state nenor I ces
devices, artificial Abaten memymheslsgnspuntemg;ie\ancwtmghrcmenim\ve‘bapor .

device, control devagﬁq @W&ﬁﬂ) |p??3®?3 L?Qg gn&q%@gétswgp mepaidsrgamc

change magneti'c. conposi er|
phase change random a[ammsal vmdyprédﬁ@ﬁAb@mdxamm@molmeﬁm epitg ottp-
nenDr devi ces

access nenory (MRAM a

devi ces, | ogi cal devF%e:&séd %@élﬁﬁar{)/@hd%\?f@%jsme%ﬁ' G /PEYUT "}f?étﬁ’lgoﬁng crystal
network, thrée |evel guewli.ce, control device, SOC device, and

seni conduct ors, said material, conprising: 25 a phase change materi al
component, and a ferromagnetic material component, wherein said

mat eri al exhi bi t s Zotse whifephase eftbrgd magnd:ma&ﬁabéfa{rgeanee(ﬁfftﬁﬁh‘&1 &

23. A honpgeneous opt q'%).; i dpum f ecaording i nformatio
Sai d medi am conpr | SI%(E 4 GEAES AR ARALST Sttlcal Fiedla phase 'Chands. random
: access memory (PCRAM) devices, magnetic random access memory
" 15 (MRAM) devices, solid- state memory devices, sensor devices, logical
devices, artificlal neuron network, cognitive devices, three level device,

control device, SOC device and semiconductors.

22.A'phase change maghetic composite material for use in optical média,
20 phase change random access memory (PCRAM) devices, magnetic
random access memory (MRAM) devices, solid state memory devices,
sensor devices, logical devices, cognitive devices, ariificial neuron.
network, three level device, conirol device, SOC device, and
semiconductors, said material, comprising:
25 a phase change material component, and a ferromagnetic
material componerit,
wherein
sald material exhibits both magnetic effects and phase change
effects.
30 .
23.A homogeneous optical recording medium for recording information,
said medium comprising |
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Amended Sheet | PEA/ AU PCT/ SG2005/ 000357 Received 1 March 2007 a
phase change material conmponent, and a ferronagnetic material PCI/SG2005/000357
tonponent, wherein said phase change magnetic conposite neRewrivail 1 March 2007
has 5 a single crystalline phase associated therewith a first

magnetic property and a first phase change property, wherein the

atons of nagnetic mat erlaalm'nahavﬁnahgel makdal RempbRem, QfndPBagsy RO
materials in the' ur%{e”%]eé of 11he phase change material, w thout _
destroying/ disrupting Its cﬂhfsof.'ﬁp structure, and 10 an am)rphous

phase associ ated t her ew tWhesgisecond nagnetic property and a second

phase change property su en t he material undergoes phase
change from crystalli ne%gﬁa@@s‘?ﬁ A5 pF§EC B‘Pf’ﬁ@‘é‘;ftetrﬂ@e'ﬁ%lﬂ?éﬁl al

exhibits a correspondi ng mh@legﬁystalilr@pﬁas!ete%sﬁ&ét‘é@m?z%%ﬁ PRRPRGhER
and its 15 magnetl Cprgﬁé)r%e%é Y fi rstn%a%gdch%nggtproperty, wherein the atoms of
magnetiz': matenals have replaced the atoms of phase change materials
in the unit cell of the phase change material, without

- destroying/disrupting its crystal structure, and
10 an amorphous phase associated therew:th a second magnstic
property and a second phase change property |
such that when the material undergoes phase change from
crystaline phase to amorphous phase, the material exhibits a
corresponding change in both its phase change properties! and its

15 magnetic properties.
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