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nano-particulate mediumand to a nethod for making a
recordabl e magnetic nediun1rhVoIving t he use of such a
method. 5 State of the Art The relentless demand for
i ncreased capacity on all data storage systens is
driving continual increases in the areal density at
whi ch data nust be stored on the recording surface.
I n magnetic recording the thickness of the storage
mediumis 10 limted by the available wite field so
that any increase in areal density at a given nedia
t hi ckness nust be acconpani ed by a correspondi ng
reduction in the physical volune available to store
“one bit' of information. At current magnetic
recording densities, a single data bit is encoded as
the presence or absence of a transition from one
magneti c domain to the next on a scal e where each
domai n contains very 15 nmany particles or grains.
These groups of grains, which forma domain, switch
t hei rMBXHED BOR MA KING | ANANGIPA RTICELAEE, MEDIUM
uncertainty in the final location of the transitron.
The useful information is stored in the central part
1A d6F L nyedtiof he boundaries of each bit the 20 pol es
o?‘f#é—ﬁﬁgﬁéf—t‘b ts directly oppose one another and
t hese opposi ng magnets WO 2004/ 105007
P /GBZOO4/O? 118 2 te d to destabilise each other
ant® BRERUR TIPS (et F’r‘?@%ﬂ’ tiPLRekng Arngnegragtiailaty medivgy gad to 2
t&e\tﬂaa fPiriing A r@écqﬁﬁblé nBABRN GRANRS lﬁ»&o@ﬂﬂ% the u&?#ﬁs Such a
level it is desirable to efsure that the er o
gmathed. per bit is nuch higher than the nunber of bits
at the boundaries. This requires that each bit occupy
an area of currently many hundreds 5 or thousands of
gsatd$Ethd ks 1S shown in sinplified formin Figure 1,
in which the central region 10 can be seen to consi st
of a relatively |arge number of grains havi ng t he
Sf‘ﬁefeﬁrar%f%?g Jlei%fl Ifgln fn%}'eagegl ca nosﬁ f\lgdaﬁg o%agtgg;tystelgs % driving

sing Mhe" Fec8r
| etipasletherdab® fomai Aresl aalsﬂysat WRANEtS Thdt e stored on the

recording surface. In magnetic recording the thickness of the storage medium is

limited by the available write field so that any increase in areal density at a given
media thickness must be accompanied by a corresponding reduction in the physical
volume available to store ‘one bit’ of information. At current magnetic recording
densities, a single data bit is encoded as the presence or absence of a transition
from one magnetic domain to the next on a scale where each domain contains very

many particles or grains.

These groups of grains, which form a domain, switch their magnetisation
collectively, creating uncertainty in the final location of the transition. The useful
information is stored in the central part of the bit. At the boundaries of each bit the

poles of the magnetic bits directly oppose one another and these opposing magnets



10 and therefore the scale of the individual magnetic
particles (grains) that conprise the domain nust
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particles per domain constaft in order not to suffer

a degradation in the signal-to-noise ratio.
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f fonepmpgnetimanst kosed 2l abilisbisea rasotdingymediuior Moneover long before

pPhy.Si real isatiopn.of such a di um are nifold
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currently ten years. To maintain the long-term integrity of recorded data when

developing media capable of supporting areal densities of around 1 x 10" bits per
square inch (1 Tera bits per square inch - the industry’s goal by 2010), it is

necessary to devise procedures for extending the superparamagnetic limit,

Under the constraint imposed by the superparamagnetic limit, a desirable recording
medium is conceived as one consisting of an array of identically sized (mono-
disperse), single-domain particles of a material possessing high intrinsic magnetic
anisotropy and sufficiently dispersed so that any mutual magnetic interaction is

minimised.
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Wi th current magnetic hard-di sk production
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within the foreseeable futuré produce nedia
structured at the 2.5nmto | 2nmrequired, nor can it
produce | arge areas of nedia cost-effectively. Route
(ii), although proven to produce nono 15 disperse

pamei gifgisulgés tdfefinlling tafimbrotdly $iablgdb@sidues a®hi @Y¥ephysical
uniformty over any significantly useful recording

aredisations pE sweh f qeedinm e pranifghdeand ghelleagigunThe mouterein this
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20 recording nedium There are two main recording

t echni ques_ conmonl npl oyed and, these are

i u@ﬁlﬁt@p@%meﬁlamr@%‘?@é uﬁl@a)hﬂwpb(%nd qnptabingpreceees) and
so-cal led "longitudinal™ recording arrangenment is

shown conprising a recordi ng nmedium 20 conposed of a
nimb eelf-afsenidingt iportdbolnte nard? pREluest @iar eashpxi tohemical or
hﬁog 24 The domains can be seen to lie horizontally

oR i Pm or "I ongi t udi nal | y" along the major

axis of the recording nediumand in addition the

i nductive wite head is a doubl e-pol e magnet 26. By
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Scope . of t ention
recgrdmg me Rm. nlliwre are two main recording techniques commonly employed

“and these are illustrated in Figures 2(a) and 2(b).

In Figure 2(a) a so-called “longitudinal” recording arrangement is shown
comprising a recording medium 20 composed of a number of magnetic domains 22
and a read/write head 24. The domains can be seen to lie horizontally on the
diagram, or “longitudinally” along the major axis of the recording medium and in
addition the inductive write head is a double-pole magnet 26. By contrast, one
form of a known perpendicular recording system comprises for a recording
medium a series of domains which lie vertically (see Figure 2(b)) and face into or
out of a soft magnetic underlayer 28. This perpendicular arrangement also employs
a single-pole write head 30. It is generally accepted that the limit of capacity of a
longitudinal recording system is around 100-200 Gb/in®, whereas the limit with the

perpendicular system is held to be an order of magnitude greater.



The Scope of the Invention is defined in the nunbered
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invention will now be descriBed, by way of exanple

only, wth reference to the draw ngs, of which: 15
Figure 1 is a sinplified diagram of a domain structure

in a prior-art recording mnmedium Figure 2 is a

pét eqpetbeiclere hieswernfhat itovawpbs dedirabledormovige a magnetic recording

arrangenent. | onpgitudi nal,. (Figur a) and . ) )
p&F é‘%ﬁi%@f%rco %?rtﬁﬁlrlgoﬁﬁ 15p ﬁe’g‘?’é@?é@h@(rh)’a%lﬁ%fsé'(a&ng a high
slp@ppehmcﬁlrapgﬁjs@fuﬂ)ypl an view, respectively, equiprment

which rmay be used to carry out the method according
to the invention; Figure 4 is a sectional view through

asggg§?ﬂﬁéﬁﬂgﬂﬁ&@ich are deposited sputtered |ayers

p atment in a subsequent rapid thernma

processing operation; Figure 5 is a conparison

bet ween the performance of a known conventional 25

pdPpexsare of dhe Fvaniion sndefinedtin dite aumbered ¢iaugs mddehufollow the
actured under a nmethod according to the present

Fﬁ%%ﬁ?ﬁ%%; and Figures 6 to 8 illustrate further

devel opments/details. Detailed Description of an

Enbodi ment .of e lnvention 30 A nethod according to
t REC t1gp 0 ing a magnetic recording

medi um involves the use of ‘apparatus such as that
illustrated in Figures 3(a) and 3(b). WO 2004/105007
PET/ @BRCIONLT0L RSB Invntion Wilhuow deleagriteddb (ay of Whiample only,

are.front and,plan .views, respectively, a sputtering
CﬂgﬁﬁggﬁﬂﬁegBW?gﬁWEnﬁ%%iﬁéﬂghd, in conventiona

fashion, a negative electrode 42 in contact with

three targets 44, 46 and 48 conposed of platinum

cBigara 1daa sinplified dizgremi afeg domsjpesttichetyin apribhart recording
oﬁ@gﬁngnd of the chanber, again in known fashion, a 5
p03|&|Ve el ectrode 50 is provided, on which a nunber

OFigatt® iy B @Spdellva@kRwibAeRUypes of recording arrangement: longitudinal
(Figure 2a) and perpendicular (Figure 2b);
Figures 3(a) and 3(b) show in front and plan view, respectively, equipment which
may be used to carry out the method according to the invention;
Figure 4 is a sectional view through a substrate on which are deposited sputtered
layers prior to heat treatment in a subsequent rapid thermal processing operation;
Figure 5 is a comparison between the performance of a known conventional
perpendicular medium and that of a recording medium manufactured under a
method according to the present invention; and

Figures 6 to 8 illustrate further developments/details.

Detailed Description of an Embodiment of the Invention

A method according to the invention for producing a magnetic recording medium

involves the use of apparatus such as that illustrated in Figures 3(a) and 3(b).
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evacuated through a port 545and an inert gas, which
preferably consists of an argon/nitrogen m xture, is

n e £h e u a second port
T FORHEE ) BAE 3 () SRR AR ol W Y T S s B s o puttering
5@hambércdo (Scﬁitﬁnsuﬂ cheRhasIRoA@naBh4liFBMIGH, A9k gffel dlechBEe 42 in
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gces in that t ubst.r at es .are above the targets.
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targets and <contam nate the nedia bei'ng forne
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TN AT TN i
| fievlfed @ the cBRub@RA2L 50 WHitE §eté ﬁ)@&%ﬁfégglo 1]50ha¥%3& 60 in the

‘reactive' sputterlng i.e. coba nitri
wHBerveiag spanst The @é@@m@ apnsibis toff @osititve @tgsmf the tikeet gas. The ions

sput [ u heat er 58
bR R OB 0 SR S Bt
StHestinpheisngid idvde th&@dh@ﬂ% RO theSsubBEfed. O ThAL 1§taesp;’21¥ter up’
some suitable 25 neans. This rotation ensures that

aPYoce 1p et dhayuibstastessars ehovedhe @@g@a usindhya prpcesds advantageous

t t d

ug’ﬁlglt?&)n‘g15 é}ﬁ%mré:égf:dhﬁ%pﬂ %ﬁ‘gsa% alr?agt;rg?ls i urﬁafﬁ b@hfh@h q%f and
t bertahmat the nedia beidgoformed di screte | ayers on the
substrate. The 30 thickness of the |layers will depend

| argely on the speed of rotation of the substrate

ehght heds @Re vbgggcﬁgg ggé&d1?1 tﬁ%1 sf;llﬁﬁe ona#p pflgeg@atlti@m and

the targets, r ot
hccgulalt@ng]qsp(latmkéCbbuttthe silieorymitridroiRE spmttswﬂtaabi i ah Gidulator.

t | . thi t tt
oRREHEide i piscahBE oivErphienis wo sok Rl formed
PEA 4B QEUAIPR3E §/ithGhé AMRLE! Blhe fpitleliHat i on in which

di screte layers are forned is shown in Figure 4. Here
the gl ass substrate 52 can be seen to be coated with a

B o sl es R S ciay AT Ran o Rpofias process by

heating the substrates and the electrode 50 is made to rotate by some suitable

means. This rotation ensures that all of the substrates are coated equally by the

target atoms.

As each substrate moves round, it picks up atoms from each of the targets in turn,
which will therefore normally form in discrete layers on the substrate. The
thickness of the layers will depend largely on the speed of rotation of the substrate
electrode and the magnitude of the power supplied to the targets, and indeed, if the
rotational speed is high enough (and/or the target power is suitably low), the layers

will be so thin as to amount to one homogenous layer, once sputtering is



(Si3N4). (The order of these constituent parts is
arbitrary.) The nunber of such 5 conposite |layers is
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past each of the targets. IA the preferred
realisation of the present nethod the tot aI t hi ckness
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identical thickness, in practi ge they may well be
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been ttere on and to t
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oA BReEH AP PlrelitREY millaraltidsd CavThieB i 16Rds dspusced n

I $nort GethR 18680! oyed as a recording nediumin

.conjunction with a read/wite head. 20 A preferred

t hi ckness of the protective |ayer 62 is between

appr.oxi hn n The s | Rr

cosP ShEaLSe THATSE o tEL Al BedF U B Ph R ER e desived

4Geptﬁnbbthﬁ15t§? blagiduinnind the ebdli fm@@dﬂ@;ﬁ’fmﬁtché@bfﬁqﬂ |@\hE negative
where they are subj ected to a 25 rapld t her ma

phighendiag faektpyhepm tiatermunteghileayinar ey Hreailcnyitridpitarist still
h%ﬁ‘érg (Jti rifts gl?e‘ﬁb&b@tlgﬁe O%Bi n%@é\étgs?:@& V:\#Igrc Ef I&gg&f’ nftfdéto the

t enpérature et vieen
Mioptiat fedr bothasubshhies,vibis adw ﬂm&m&mstiﬁﬁi@nah 6ltermost rugged

B0 AT O Bieht BRSieHBUESATE VoGP IRtiOieRITE Jhusrpreated i
V%&Hyfnl?l%g ed R &991%'11{ Abdifdnde ch@uﬁ'&ﬁfﬁ%ltﬁa ﬁeat@/v&@g head.

act ua get terrpera ure 1's chosen such t
cobalt nitride disassociates, releasing nitrogen that

eé&?}{g& 683{@8 fJS? ﬁ %dﬁ?&ggi@é@m%ﬁ@b p%/r\l,g;}-olggx&{ate?y 5nm and
ayash- vapour state and readily alloys with the

simlarly dispersed platinumwhich, Iike the silicon
WD 2004/ 105007 PCT/ GB2004/ 002118 7 nitride, is

ffe ed at the el t er at ures
o Be a8ElefRe Brace yudR.dhs HERRRRS SR Eh b aRe ctier 40
dsd ifbRed e raSh@ktingichambyt @bt SiBvi)amere they are subjected to a
rapid thermal processing (RTP) phase, in which they are very rapidly heated in a

vacuum by an optical heating process to a temperature of between 500 and 650°C
which is maintained for an interval of between 30 and 60 seconds, after which the

optical heat source is removed and the sample allowed to cool naturally in vacuum.

The cobalt nitride is unstable and the actual target temperature is chosen such that
the cobalt nitride disassociates, releasing nitrogen that escapes by diffusion and is
pumped away. The freed cobalt is left in a dispersed, very active quasi-vapour state

and readily alloys with the similarly dispersed platinum which, like the silicon



honmpbgeneous |ayer, as nentioned as a possibility
above. 5 The conposition of this material - i.e. the
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- is chosen so that, on cool1ng, the density of the
PtCo alloy formng throughout the resulting silicon

nitride matrix js 'ns fficient f its i on as
higiee T Apedrected ft 18 lexaleicRBheRien oialonrd oRus P Soours
swhaamelnt dpktbdng | H@gﬂtprsaﬁdeu Fiserse p@y&g%ﬁgu{aﬁ%l BY one large
vol unes al nost optinmally spaced between t
shemgpgengonsliaycraatmsnitencg ag apaspalilyaboveri t s. Mre
precisely, the particles should at their |argest

extreme be small enough to be in the single-domain

STh¢ eompeition dhehis @MkMalnBgNet the atelfiRe rmmssabs of the three

process is by coherent rotation agai nst
aprusttuesblayeisel #. chasen g yhaly an (capling: the; éﬁnstﬂbr ef the PtCo alloy
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S%ﬂﬁftﬁ;p?dﬁél&t B ey R/ ARbdrtithaPthis, @ﬁ%ﬁal b%@o&@@%as"i"er as domain
magneti € bit is still formed by a nunber of rlcl)_artlc es,

agrowﬂs qusmsﬂchomep@a@ée |Af£ th(relqwenr mxtrame 0 pa@Ch‘asze the

adva i Vi arqer nal,.
hETe B GPE Sty M Rt KL e RS ey Sl Plerey s
Zéonﬁﬂi@rdﬁ?b Petrgéfechﬁl’ﬂ kwm@ﬁﬁaﬂsen&fgytdf%sﬁmo@&ihg@ 2hthaiike 1t will
SINSi 3 | ayers can, then, be readily established

eResomierBIRCTRATAESHp r Bolgad @f biprampeaticgarl firepehie czfcst%nng

to the three targets 44, 46, 48 in the
cﬁlgé%%r?%ﬁ'o (see Figures 3(a) and 3(b)). 30 In a

preferred realisation of the invention, the

erature attained during the RTP phas such as
nBtrrﬁalﬁﬂmr@ tehibah deepuss 8§ @5’1 pyeseare of tfl@rSéN?&srﬁoélmarBﬁ@s do
t CC 351
C]Er?c))/tgftG al I neél%] "Pa:yef t£h| s&?g@dll eglxrrla gtéélltﬁ clgﬁ alkwé %ated o a
2PRAIY60RYeRGH tiB20fd¢rdfi2 bit8s still formed by a number of particles, as

is currently the case in the prior art. This has the advantage of giving a larger

readout signal and hence, as with the known methods, a larger S/N ratio.

The relative thicknesses of the Pt, CoN/Co;N and SiN/SisN,4 layers can, then, be
readily established by experiment and are produced by applying different DC
voltages to the three targets 44, 46, 48 in the chamber 40 (see Figures 3(a) and

3(b)).

In a preferred realisation of the invention, the temperature attained during the RTP
phase is such as not only to ensure disassociation of the CoN/Co,N, but to ensure

that the PtCo alloy formed is in its crystalline form. This is desirable, since the
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crystalline formis higher than wth other
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crystallisation in this forn® takes place is higher
than that at which the CoN Co2N di sassoci ates, hence

t r . L.ch: trate 1S.,. .

¢ Ao B L TRT MR 18 AL oRHichOE oHEH b B gy toan
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t Bgusleghd@Pie b Wohidh ! the %ub&ﬁfﬂs%k&h&uﬁ%s ld RGP @Jsg Xs the
take place. These tenperatures In any eval uation

t high&Oof the &me tevepepataicess nmay or nmay not relate to the
actual tenperature of the substrate in question. In
testing the present nethod, for instance, the
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the time-tenperature profiles enployed during the RTP
temperature sufficient for the required disassociation, and preferably also the

required crystallisation, to occur.

A very considerable degree of control over the properties of the recording medium
and the resultant recording characteristics is afforded by the precise manipulation
of the deposition parameters (including target voltage, substrate rotation rate, etc)
during sputtering and the time-temperature profiles employed during the RTP

phase.
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function. It may well, however, have to be applied to the treated substrate in a
separate chamber (this is in contrast to the SiN/SisN, protective layer, which is
applied in the same chamber as the CoN/Co,N; and Pt), and this would

considerably complicate the production cycle.

25
Typical changes needed in order to create a medium with much better
characteristics include the substrate and protective overlayer being optimised to
low flying recording heads and the thickness of medium optimised to maximise
read out signal and a soft appropriate underlayer added to the production process.
30

The production routine described above uses plant and processes already in
common use in the hard-disk recording industry and delivers a near mono-disperse

medium uniformly across large areas. The medium has a high perpendicular
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effect of enhancing the performance.

As can be seen, the performances of the two systems are very comparable. The
main difference, however, is that, although the known system is working at the
upper limit of its capacity, the purely experimental system illustrated is at the lower
end of its capability. Greater performance can be enjoyed by raising the sputtered
substrate to a higher temperature during the RTP phase, so as to give rise to smaller
particles of higher coercivity and anisotropy, which will enable much greater

quantities of data to be written to the medium — up to 1 Tb per square inch and
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Figure 6(b) shows the saturated nmnagnetic hysteresis

| 89R seéoriddxaripRt STHRY whktah BEr Gl durestion
as obtained using Polar Ker yp&'%%g%%ﬁ%ﬁksﬁerasﬁ%%ﬁapomed
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of Cobalt nitride, Platinumand Silicon nitri
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figtedifa)t enper ature using the RTP profile of Figure
7(a). This produces the magnetic hysteresis l[oop in
t he perpendicul ar direction shown in

This produces the magnetic hysteresis loop in the perpendicular direction shown in

Figure 7(b) now obtained using the Faraday effect in an attempt to increase the
field available in the instrumentation. It is seen that this is a minor loop that is not
saturated in the field available. We are still endeavouring to produce a saturated
loop of this material which we expect to be square with a coercivity of around
20kOe. This material should support a very high recording density with good
stability.

Figure 8 is an example of a Faraday loop of the same material as in previous graph

but subjected to RTP at 500°C instead of 650°C. As can be seen the loop is much
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wHevelapedite exldbié theGoPtanisbiroyy efthitiatlog sxaessefl peipeddiaiidrly.
may be devel oped to exhibit the full anisotropy of

that all oy expressed perpendicularly. The techni ques

dese risiieagues @iseriveal Béein' eelORY tiAgal (5 SA&%fted Recordable
Recordabl e _Magnetic) nedia and can result in formng
pdagaeit) cu¢did apdrRM FRsdit an ipmting perpenticat BARMImedia with the

] : ess_of 1 . .In. Wilst the magnetic
e#@%@ﬁ?gfg%%?ﬁfégﬁﬁngt@%%ﬁ?y in principle sputter
froma cobalt nitride target could al so be used.

Whilst the magnetic element is preferably cobalt, in principle sputter from a cobalt

nitride target could also be used.
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nmet hod for maki ng a nano-particul ate nedi um

weowpnd®Ing: 5 (a) sputtering onto a substrat ePCT/GB2004/002118

platinum silicon nitride anggd a nitride of a magnetic
el ement which will disassociate under thermal
processing in a vacuum the sputtering being such as
to produce predetermned relative quantities of the
@LAIVvRUM silicon nitride and the nitride of a
magnetic elenment; 10 (b) subjecting the thus treated
substrate to a rapid thernal -processing operation in

C ch the substrate is raised over a
lyi vg’h g%"dofgr maffms irREnP aaléwtlérﬁpféﬁ(&ms GOTHPTISAZ:Ch t he
nitri de of the magnetl c el enent disassoci ates,

15 i SR UeliBER bt S BRE0 BeS Knle B84, S Pistids of o
cool wiieagabhc maenhg{heﬂn wilkflismsotiatal indys therrhbl }bﬂoeessmg ina
pl at i nuRL& Rt Ql.:léné Hn ll?e?ngﬁ’%\.}cer\xhas 0 1%5 c Sﬁr%ﬁ%t%ﬁ%lh?% aé/latlve

mono- di spersg a ant i Unif o

in the d4titicspf rﬂ'l? Pﬂaal@mnz SﬂWéIl h@@ldasmdlthc miidide rofG miagnetic
1, wher gjethegggbalt nitride is used for the nitride of a
magnetic el ement and the fornmed particles are PtCo
particles. 25 3. Method as clained in Caim2, wherein
the (Bpbubjedimgmitic- phc eeatedgsupanRt i@ MBEAt $hdrh@l-processing

substra : ient te e ture to >500C, over a

peri od éﬁerﬁ% m\/\g‘lﬁacgb&a Eﬁtga?e sgalsed REET o Vepsperiod
cl ai medof g mt@nwamlréalahmlcm\ﬂermtrrdet e tHeempgiietic Uslément
r eaCheddlSS’ééBélQiQs Si‘e@&sﬁ‘l@ ﬂtz%gédqur ﬂﬁ’f&sﬁ)negﬁ&' rlga\}lﬁlg behind the

formation of
crystal maﬁ%et’fccﬁl‘?ﬁlen& an%t hod as cl a| rred | n CI aim 4,
wherein the rapl d t her mal - processi ng operation 35

E:?t Cér?%éﬁfg‘lljgg 83% e&ggpa]anbi ent tenperature to

whereby the magnetic element alloys with the platinum to form particles which
are substantially mono-disperse and substantially uniformly distributed in the

silicon nitride.

2. Method as claimed in Claim 1, wherein cobalt nitride is used for the nitride of a

magnetic element and the formed particles are PtCo particles.

3. Method as claimed in Claim 2, wherein the rapid thermal-processing operation

heats the substrate from ambient temperature to >500°C over a period of
between 30 and 60 seconds.

4. Method as claimed in Claim 2 or Claim 3, wherein the temperature reached

during step (b) is such as to ensure the formation of PtCo particles in a
tetragonal crystalline form.

5. Method as claimed in Claim 4, wherein the rapid thermal-processing operation

heats the substrate from ambient temperature to between 600 and 650°C over a
period of between 30 and 60 seconds.
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medi um conprising a nethod for making a

nano-particulate mediumas clained in any one of the
preceding clainms and further conprising the step of 5

6pr oA dietgoda for ahadbg v:e reweadivoby ey eassisfed  Medidableasnagnetic

cl ai e nc&‘hﬁléﬁlg ﬁ@d rfo t}ﬁaél{r?ﬁ% tahél galgﬂﬁﬁfm dubm as
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conbidviingh bedtedtive otRitnb&rhpg. of the platinum and
cobalt nitride has 10 ceased. 8. Mthod as clained in

Caim7, wherein said continued sputtering is
7suf Mathahbs chiimed (mILG:lema GDrvﬂie@@hlthe plr@wﬁfveocﬁutbﬁﬁdw%yer is a

appre; hICk Ness.
oot ST By BB ATV AE SPuorlis b piigarnigide in
Pt Cetepu dmotopenmtinee Iaﬁeletheres@uumnga@liéthe plattmor aadh cebald tilride has
E&% ?S clainmed in any one of Clains 2 to 5. 10. A
or neking magnetic nano-particles
subst antially as hereinbefore 20 described with

8I ef BidueastcPaimBy nﬁglﬂeﬁ@jpf haleei S0 chRtrhed slttd-hAg is sufficient to
accorz)rg1 é/I ng 1% i dr awi %
a protective layer of between approximately 5nm and 10nm thickness.

9. A catalytic apparatus, wherein the catalyst comprises a PtCo nano-particulate
medium made in accordance with a method as claimed in any one of Claims 2
to 5.

10. A method for making magnetic nano-particles substantially as hereinbefore
described with reference to any appropriate combination of the accompanying

text and drawings.



