1 DESCRI PTION Mgnetic Thin Film5 Technical Filed This invention rel ates
to magnetic thin filmuseful for making nagnetic recording nedia
represented by hard discs and the like, and to sputtering target naterials
and vapor deposition materials that can be used for production of the
magnetic thin film 10 Background Art For lmagnetic recordi ng nedia
represented by hard discs and the IjkgC TRYNt al i n-plane (or

| ongi tudi nal direction) recording systemhas conventionally been adopted,
but in such system 15 di sappearance of recordi ng nagneti zati on coul d occur
as i nfluenced by rgpul si on,pf %a netic poles, fluctuation of heat and so
on, and hi gh-densi gp@é’&rﬂgﬁﬁb \ng difficult. Due to these problens,

per pendi cul ar magnetic recording systemis currently adopted, to effect

hi gher densi t’f recording. In 20 magnetic recording nedia of perpendicular
magneti c mcamg&é@ frequently Co-Cr type alloy thin filmsuch as of
Co-Cr-Pt-Ta or thenlike is, used imlarly. t rizgntal | | ane;r-ecor di ng
system and coerci lsflé]rv(%l_tg?n_g egt?ilpﬁépgﬁgg?xanffﬁ%éwﬁg%r!Jya:l)ﬂpgAf kCe.
Because Co- OrmhypRtal tédoriing médid tepiesehbed Byl hatdbliddstand theiltke,2nd

attenpted to prevent di sappearance of recording nagnetization _caused by
thermal fl uctt9aspwitesing tangetimetetiglnandwanaredenesitionr maderials dhagi o2 t o

d sappear anccant BentESt fof mroRatohii bE e AR net C iRt car PP lct vat i on and
the |ike,jop 30 devel opnent of Pt-Fe alloy filmhaving high coercive force and
magnetic anisQtropy is attenpted (for exanple, see JP 3305790). This Pt-Fe
alloy filmi sﬁagkwd&'é by sputtering or vapor deposition, but the
resultant alloy filgg, ﬁla{.gqleitfcr F&f‘b&ﬁﬁn&ﬁé&iahxaéﬂﬂ&ented by hard discs and
the like, horizontal in-plane (or longitudinal direction) recording
system has conventionally been adopted, but in such system
15 disappearance of recording magnetization could occur as influenced
by repulsion of magnetic poles, fluctuation of heat and so on, and
high-density recording was difficult.
Due to these problems, perpendicular magnetic recording
system 1s currently adopted, to effect higher density recording. In
20 magnetic recording media of perpendicular magnetic recording
system, frequently Co-Cr type alloy thin film such as of Co-Cr-Pt-Ta
or the like is used, similarly to horizontal in-plane recording system,
and coercive force of such a film is said to be normally 3 — 4 kOe.
Because Co-Cr type alloy thin film lacks thermal stability, it is
25 attempted to prevent disappearance of recording magnetization
caused by thermal fluctuation and the like, by adding thereto, for
example, Si02 to form a granular structure.
On the other hand, in order to suppress disappearance of
recording magnetization under higher heat fluctuation and the like,
30 development of Pt-Fe alloy film having high coercive force and
magnetic anisotropy is attempted (for example, see JP 3305790).
This Pt-Fe alloy film is usually made by sputtering or vapor
deposition, but the resultant alloy film is in irregular state having
face centered cubic (fce) structure and must be converted to regular

35 state having face centered tetragonal (fct) structure, for obtaining the



face centered cubic (fcc) structure and nust be converted to regular 35
state having face centered tetragonal (fct) structure, for obtaining the 2
alloy filmhaving sufficient coercive force. For bringing about the regular
state, normally a heat treatnent is given. Conversion of such i rregul ar
state to regular state (which is hereafter referred to as "regul ari zation")
requires a hgag I i SRR ot | ower
t han 600C. - He%ggniaPQ@M%%hgf}élgﬁgscgagﬁlﬁlsgtfrgg%ées Fm‘g??ﬁhgre di?g?ﬁg}é@at 600C
cannot be usmiilaastate, ammh&llstmhea'atmmmhlﬁ givevwgO, Si wafer, quartz and

the |ike which arg not defo at 60 r oweri ng

of the regul ari zat Bt ‘?regrlr?)lélp 1rf‘e1%1?l§'r0§,tgte% eﬁ%’&rﬁﬁ% Uﬁ%ca ]écl osure

of the | nvenhémafidiersferredbd ggt“reguldaezmeﬁémeqxﬁyeml}péhmﬁgtt@e@ﬁxﬁeht

magnetic thin filps, which can be regul arlzed %il | ower éﬁe eratures than
a .

Pt-Fe bisnardf the alloyifilm awememﬁuye%ngétwea P07 eRgehod such as
15 physi cal a ce | P b por

deposi tion, %ﬁqﬁ{)u@ ?ﬁleggipsev\%ﬂ?st? %Pe a&ﬁ?h a\[%g %%g&gﬁggfgégbl ¢?1qj(‘?lg{r‘lfg)etnlyér?lat ive
studi es w t hugdth andw dostlyasabstrhts huth@@bbk@g@bS@Wafetpqﬁ@wmaﬁdcther t hat

Those Tor PR vich, aes Dot Rebyncd at Q) BhoRMEACRREHCRPSRERt i c mnor
it on of fﬁ%‘ﬁs?ﬁ’%igf e Fop AR B0 deBin Patng e fote 33 e nigRagRron the!

regul ariwation tenperature can be inproved when Cu and/ or N| are(is)
further add, al ovm ng reuI r' .zation at |ower tenperatures. 25 The present
i nvention i St RP-etk 2

Aee8Hdi ngly, therefore, the present invention

riuroe e i AR S g Lo
and 0.05 - thin fdms,ofhich can be regularized at lower temperatures than Pt-Fe
binary alloy film, by commonly practiced film-forming method such as

15 physical vapor phase growing processes including sputtering and
vapor deposition, without any special treatment.

We have engaged in concentrative studies with the view to
accomplish the above object, to now discover that a magnetic thin film,
which can be regularized at temperatures lower than those for Pt-Fe

20 binary alloys, can be obtained when a specific minor amount of P is
added to Pt and Fe and alloyed; and that the phenomenon that
addition of more than 1 at% of P conversely leads to rise in the
regularization temperature can be improved when Cu and/or Ni
are(is) further added, allowing regularization at lower temperatures.

25 The present invention is thus completed.

Accordingly, therefore, the present invention provides a
magnetic thin film and sputtering target or vapor deposition material,
each of which is composed of 40 — 60 at% of Pt, 40 — 60 at% of Fe and
0.05 - 1.0 at% of P.

30 The invention also provides a magnetic thin film and
sputtering target or vapor deposition material, each of which is
composed of 40 — 60 at%, Pt, 40 — 60 at% of Fe, 0.05 — 2.0 at% of P and
0.4 — 19.5 at% of Cu and/or Ni.

The magnetic thin films provided by this invention can be

35 easily formed by physical vapor phase growing method such as



30 The invention also provides a magnetic thin filmand sputtering target
or vapor deposition material, each of which is conposed of 40 - 60 at% Pt,
40 - 60 at% of Fe, 0.05 - 2.0 at%of P and 0.4 - 19.5 at% of Cu and/or N .
The magnetic thin filnms provided by this jnvention can be 35 easily forned
by physical vapor phase grow ng net hod suth as 3 Sputtering or vapor

deposi tion. Ig?h@féﬁﬁgefr vdppornagpeditiont hin films of the invention and their
producti on net hods are.extpl ained in further details, Accordjng téﬁ%
t h film

embodi ment of the prareimaltenibatnagneticshpn fkmeof shadnyenrtighean

I's provided, | . | . - se binary all oy
mat eri al Con,g\ggggggpﬁéfb%'iﬂggslﬁ%{ao%%giri{g%éfgﬁ)%ﬁﬁ(l: oof Pt and 40 - 60
at% preferably 45Acc6fdiaig?to @h drebodimerit of thbqyneaodt imkéntioa, thin film

t hereof. The_anqu of P to be added t hat ocgasion.can he within a range
of 0.05 -51. 6’1:;;?@%15 E@I‘pﬁfl‘é’f@aﬂﬂ%tl@&lm I&Palsaﬁl%wa\ﬁér &Vhlfca}é 15 d@msAotnt of Pt
and Fe exce : . | I Vi B be
regul ari zed g\g?rllﬁgﬁ)eﬁlp%\ela IP% pg%?eegwgﬂgﬁg?gt%ﬂgpg% ntsggf()ffl3‘43O adéjgd S

| ess than 0. @s%apiefdrtable40eetb 596 of Btearnd HO -h66tatts gatdfarpb lyediperGld at f or

the regul ari | on,cannot ., be obtai ned. Conyver sel 15 e it exceeds 1
at5% L he. head! fiea RICHANE HETH 206 WA B DO HhetReli ol HSCEBIRA b gher
than 500C ang {JBe gfddret irPth26Hekibn cgt%_ﬂ%ée)_%gyhgﬁgr%}gwof 0.0512t1h@ra t9%,

enbodi ment of the %resent | nventi on, ( nd/or NI ) quaternary or
qui nary tgngreferabiy 0f1 FH@.8aatd6. 20Vheve thedisedhamovarteoff Bt and By adding to

Pt-Fe binary allo terial conmposed of 40 - 60 % preferably 40 - 55 at%
of Pt and aneigesds VR Shplp gy thE rBoufiantotin THm 857 BT Me iy cher 7P
and Cu and/ ofeplilaridbd e¥bAGVhBA AR ERkEAY Wbo WherBtHdaneaint ShP amunt
of Pto be added in that occasion can be within a range of 0.05 - 2.0 at%

25 pref er abl gdded is less thap,0.8aRthatheeffect tomipwer fhe heatdseppingt al
temperature for the regularization cannot be obtained. Conversely,

15 where it exceeds 1 at%, the heat-treating temperature for the
regularization becomes higher than 500°C and the effect of adding P
1s lost.

According to another embodiment of the present invention,
Pt-Fe-P-(Cu and/or Ni) quaternary or quinary magnetic thin films are

20 provided, which are formed by adding to Pt-Fe binary alloy material
composed of 40 — 60 at%, preferably 40 — 55 at% of Pt and 40— 60 at%,
preferably 45 — 60 at% of Fe as the base, further P and Cu and/or Ni,
alloying them and making thin films thereof. The amount of P to be
added in that occasion can be within a range of 0.05 — 2.0 at%,

25 preferably 0.1 — 1.5 at%, and that of Cu and/or Ni can be in total
within a range of 0.4 — 19.5 at%, preferably 1.0 — 10 at%. Where the
used amount of Pt and Fe exceeds the above range, the resultant thin
film may fail to be regularized even when heat-treated. Also where
the amount of P added is less than 0.05 at%, the effect to lower the

30 heat-treating temperature for the regularization cannot be obtained.
Conversely, where it exceeds 2 at%, the heat-treating temperature for
the regularization becomes higher than 500°C and the effect of adding
Pislost. Furthermore where the added amount of Cu and/or Ni is
less than 0.4 at%, the auxiliary effect of lowering the heating

35 temperature for regularization cannot be obtained. Conversely,



within a range of 0.4 - 19.5 at% preferably 1.0 - 10 at% Were the used
anount of Pt and Fe exceeds the above range, the resultant thin filmmay
fail to be regularized even when heat-treated. Al so where the anmount of P
added is less than 0.05 at% the effect to |lower the 30 heat-treating
tenperature for the regularization cannot be obtained. Conversely, where it

exceeds 2 aty Eg% qLr i tﬁfggﬁg h filiem: iftd Bat i on becones
hi gher than%#ggn tl%gtself%?éc??%df a Isﬁﬂkﬁrﬁt f}gq f(;lst. é‘é’?t 1erm)re where the
added anounteghla@uzedétven whenshedtetreatéan 0.4 at% the auxiliary effect of

| owering the heating 35 tenperature for regul arization cannot be obtai ned.
Conversely, 4 where it exceeds 19.5 at% the resultant thin filmmy fail

to be regulari zeGheveagMelt {igat filhsdfelle pPredeRBANOEhEionN¢édn el M5 of the
present invention can be 5 produced by using ternary, ﬁuat ernary or quinary

al | oys havi pgodueed Myousingotaroeiryi anaternayon eninarn alges havinggbe

orace.orow AYOTh o dEtat LR b AR ERLABRp St BRYR A >
Production ahdaforadingythifi filthis/thebyofyisuehi playsieahodpeaphase didveiavg | ed out

by, for exanple, high frequency (RF), sputtering p(rgtice,ss, di rect current
(DC) sput t eMelgiqsh a2 spyiterangcyapor §pRPsBIamEr ppR@dakingsr RF magnet ron

sputtering proces i fi . I ' r ut by
setting a pr escrigga‘ﬁggﬁpﬁeori n‘%g‘Pé’&gre}}lﬁgfﬁﬁgHst’f}’b%‘?‘?%%Z&% gtfetgl?)rgc#%?tbgti ng the
thin filon ooaerieduiutesy, for exancele, Wighdveqhenty (BF)Spubtersnggiroaess,or
heating it t,o a tenperaturg up to .around 400C. The sputteri.ng target to be
used in t haflksct SWrEen Cﬁépélt%%ﬁ'lﬁgl%rqc&?&em%%nﬂu&gﬁm RUOCEE? nary

conposi ti On09mpﬁné%ngf]fo%s;ﬁuﬁt@gi@%&éeﬂ ) BEARY VIR exQHh PR Mt can
conposi tion, each thin the above-specified ratios; or nay be a conposite
target, for be2Gagxwdbbet byrsettingha pireberdbed mpaitkeéridgdfarget apdesibstsaté as
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15 the substrate or heating it to a temperature up to around 400°C.

The sputtering target to be used in that occasion may be a
single target formed of a Pt-Fe-P ternary composition or of a |
Pt-Fe-P-(Cu and/or Ni) quaternary or quinary composition, each
within the above-specified ratios; or may be a composite target, for

20 example, in which at least one kind of alloy chip such as Fe-P alloy
chip, Fe-Cu alloy chip, Fe-Ni alloy chip, Fe-Cu-P alloy chip or Fe-Ni-P
alloy chip is mounted on Pt target, at such composition ratios as
specified in the above. It is also possible to use Fe, Cu and Ni in the
form of element, as a part of the composite target.

25 Production of an alloy thin film by vapor deposition method
can be carried out, for example, following electron beam vapor
deposition process, by radiating a vacuum evaporation source
comprising Pt, Fe, P, Cu and Ni at prescribed ratios with electron
beam to cause evaporation of the metals under the heating, to deposit

30 on the substrate Pt-Fe-P ternary alloy or Pt-Fe-P-(Cu and/or Ni)
quaternary or quinary alloy as a thin film.

The alloy targets or alloy chips or vacuum evaporation sources
which are used for above sputtering or vapor deposition can be
prepared by suitably combining Pt, Fe, P, Cu and Ni at suitably

35 prescribed ratios, melting them in an adequate metal smelting



specified in the above. It is also possible to use Fe, Cu and Ni in the
formof elenent, as a part of the conposite target. 25 Production of an
alloy thin filmby vapor deposition nethod can be carried out, for exanple,
foll owi ng el ectron beam vapor deposition process, by radiating a vacuum
evaporation source conprising Pt, Fe, P,5Cu and NI at prescribed ratios

L ol oot O bEATL D, GRS 8 oS ARRLAL! BIOE LIS Sh a0 Thrh e BEFRENT, 10
quat ernary otikeyiamay WhﬁranEOESs@r)t basltlflg| ﬁhe hedt alitloynolkl @ﬁdsﬁmzrshahgoy Chl ps

or vacuum evapor ati_.on sour ces are used.far above sputt.ering or vapor
deposi tion chhe prodyet E’é(r‘é& H}gsu ?)ﬁl’éb?rﬁ}lﬁltlﬁﬁnb@s tl meltiag and N at

sultably 35 REARApHIed, EAHAR Bk MaiA o 10,30R0HRLFe ABEALSH35E! Ling 5

furnace such a gas furnace, frequency”snel ting furnace or he like,
and wher e5 neH&mth,yFe,aEt Cngamdhé\lmlhuclmnau'b wssddasmHefstartshgmpatehnalpcaduct by

cutting. Wi |ssff|C|e mel ti nospher an ipert gas or
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the formof gra | ocks, ose east 99.9% in

particul ar, purityase 1r@pﬁ%'re(h Sucht (beta!ggqts@ﬁ'exli(adchm&hr shtuym ar get s
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An inert gaseous at m)sphere or vacuumis ad equ e as the sinterin
at nospher e. Iiianstiag Phd el dbupaudi Nisateywitablyhnvescaibed ratioss 4n m@etst

|19)r9ef5 Z?rtegose Q?%é@@ ﬁ%‘r%%ﬁbﬁﬁe %%s‘%tclliléﬁgd%sﬁ(fa%ggtgeés g‘?gg{%ﬂe?ﬁf:llgyt héSt hi n
film for exatmb@f)hquartﬂﬂal mﬁrtm fritatat pysiddisi aedtcwhass sppatiey W@ pl ate,
Si plate and,the like c

least 99.5%, %ose avmg a purity of at least 99.9% being particularly

15 preferred.

On the other hand, as the substrate for precipitating the thin
film, for example, quartz glass plate, crystallized glass plate, MgO
plate, Si plate and the like can be named.

The thin film thus formed on the substrate can generally have

20 a film thickness within a range of 5 — 200 nm.

The resultant thin film can be regularized by a heat treatment
at temperatures ranging about 300 — about 600°C, preferably about
350 — about 500°C, and whereby the magnetic thin film having high
coercive force can be obtained.

25 Those magnetic thin films according to the present invention
possess high coercive force without further special treatment such as
granulation, while they may be given a granular structure as
combined with an inorganic matter such as SiO..

The magnetic thin films of the invention can be

30 advantageously used for magnetic recording media which are
required to have high coercive force, such as hard discs.

Manufacture of magnetic recording media using the magnetic thin
films as formed above can be carried out, for example, by forming a
magnetic thin film of the present invention in the above-described

35 manner on a non-magnetic substrate with a soft magnetic layer



The thin filmthus forned on the substrate can generally have 20 a film

thi ckness within a range of 5 - 200 nm The resultant thin filmcan be

regul ari zed by a heat treatnment at tenperatures rangi ng about 300 - about
600C, preferably about 350 - about 500C, and whereby the nmagnetic thin film
havi ng high coercive force can be obtainéd. 25 Those magnetic thin filns
according to . [V, I RO%; al IV L ut
further speciﬁaljla %tl(?%(gt%ﬁg%%drgu%lilﬁgg&}bran?ﬁgﬁtg%,gq\}/\l%%%&t y(;t%%@%g\gagiegen a
granul ar st r Jobuicatasg taydr ard thiet likenas necgssity requires. such as Si Q2. The

RGNt ¢ recor i ng A BAHAF P eriq P BUIOR Ha S LBGBFERGE. fof ce.
such as harddﬂt?ﬂ%; ref&ﬁﬂg\&; gfx%brﬁélégggneti c recording nmedia using the
[ med abo

magnetic thin nms as f e can be carried out, for exanple, by
form ng a5 magnetic thin filmof the present invention in the

above-descri hed 35,manner on a non-nmagnetic substrate with a soft magnetic
| ayer 6 pro pt1 reon, and further lam nating thereon a protective

layer, | ubrigaimpdes ayeb ad QdifiphirkivedBxaRGAesilty 2requires. Hereinafter
the present invention is explained in further _details, referring to

Exanpl es. 5 Exanpl émpeoitpltesgets weramrepanedba plasieg ompnd¥ targep a

ohi b Fes au RS Bl R SREIEH PAIRy R R e NSp I bl TR Y o
on RF magoet tapgepivees isot odeRFCe agikbtirbeishulttdriigwhivicerane theigdidagl ass

substrates to provide the aa[gl es o Exanples 1.- 6 and Copparative
Exanpl es 1 - WeLgs iSRAghglase SY Qf@s'lt&til’@videlthe%ﬁ & q and

Eﬁgpglrjgts't ‘r’gt g@‘:%ia}gbﬁ%% Ele—ge_fnd ddRParhtive Meimpbaqed 204 LhEwh id Bhget. and
following Table 1. In Example 1 and Comparative Example 2, Fe-P
alloy chips were placed on the Pt target, and the substrate was heated

15 to 200°C. Alsoin Examples 2 — 6 Fe-Cu-P alloy chips or Fe-Ni-P
alloy chips were placed on the Pt target, and the substrate was not
heated.

Whereas, in Comparative Example 1 a quartz glass was used
as the substrate, and Pt-Fe alloy target was used to make a Pt-Fe

20 binary alloy film.

Each a part of the resultant samples were turned into a
solution with aqua regia, and analized with ICP emission

spectroanalyzer. The results are shown in Table 1.

25 TABLE 1
Sample Composition (at%) Sample Composition (at%)
Example 1 | 48.8 Pt, 50.9 Fe, 0.3 P | Example 5 452 Pt, 45.5 Fe, 1.1 P,
8.2 Cu
479 Pt, 48.1 Fe, 0.2 P, 49.8 Pt, 45.6 Fe, 0.6 P,
2
Example 3.8 Cu Example 6 40 Cu
49.0 Pt, 42.8 Fe, 0.8 P, | Comparative
E le 3 ’ ’ 05Pt, 395 F
xampie 7.4 Cu Example 1 60.5 ©
45.5 Pt, 50.0 Fe, 0.6 P, | Comparative
E le 4 471Pt,51.7Fe, 12P
xampie 3.9Ni Example 2 ©




15 to 200C. Also in Exanples 2 - 6 Fe-Cu-P alloy chips or Fe-Ni-P alloy
chips were placed on the Pt target, and the substrate was not heated.
Whereas, in Conparative Exanple 1 a quartz glass was used as the substrate,
and Pt-Fe alloy target was used to make a Pt-Fe 20 binary alloy film Each
a part of the resultant sanples were turnéd into a solution with aqua

regia, and analize i L 1 S§I al yzert, . re
shown in Table 1. %%ﬁghﬁ@ﬁn%?g Wn%%@ﬁ%ﬁggq(g?é?h%%?%{@n%gyi on
(at% Exanpthicknd3s&aRiginglbuite60 6 SbsutER@0nie wedd heafttredtedie, 1.1 P,
8.2 Cu 47.9 Pt, 48.1 Fe, 0.2 P, Exanple Pt, 45.6 Fe,..0.6 P nple 2 3.8
Cu xanpl e 6 X¥agugEm a4, %QmHQ!‘%tLP”@,S%ﬁ%hW"d&rgA‘? g‘ﬂﬂ%”&é“ﬁ&%%%ﬁ% Pt
39.5 Fe 7. 4410 : : s 16 ative
RTINS S S A G e e B
Tabl e 1 vihi cinvestegafievpresenicel of fchipelkesnd aegularizdtion tetnpertoure. 200 nm
were heat-trgated iri vaunlm at.tt.}e 3e[§$eratures as shown in the foll ow ng
Table 2, and sults oze § oIL Jable % es were anal yzed by X-ray
diffraction, to 5 investigate presence of fct peaks and regul arization
tenperature. The results are shown in Table 2. 8 TABLE 2 Sanpl e
Heat-treating Tenp. (O Crystalline State Imediately after filmmaking fcc
Exanple 1 240 fcc




300 fcc 360 fct Imrediately after filmmaking fcc Exanple 2 240 fcc 300
fct 360 fct Imediately after filmmking fcc Exanple 3 240 fcc 300 fct
360 fct Immediately after filmmaking fcc Exanple 4 240 fcc 300 fcc 360
fct Imediately after filmmaking fcc Exanple 5 240 fcc 300 fcc 360 fct
| mredi ately after filmmaking fcc Exanplg 6 240 fcc 300 fcc 360 fct

| medi ately after filmmaking fcc Conparative 400 fcc Exanple 1 500 fcc

600 fct Imrediately after filmmaking fcc Conparative 240 fcc Exanple 2
300 fcc 360 fcc 475 fcc (Note) fcc Hﬁﬁﬁ[ﬁfﬁtered cubit structure

Sample Heat-treating Temp. (°C) Crystalline State

Immediately after film-making fee

240 fi
Example 1 <
300 fee
360 fet
Immediately after film-making fec

240 f
Example 2 <«
300 fet
360 fet
Immediately after film-making fee

240 fi
Example 3 4 =
300 fet
360 fet
Immediately after film-making fec

240 fi
Example 4 <«
300 fee
360 fet
Immediately after film-making fee

240 f
Example 5 <
300 fee
360 fet
Immediately after film-making fee

240 fi
Example 6 =
300 fee
360 fet
Immediately after film-making fee
Comparative 400 fee
Example 1 500 fee
600 fct
Immediately after film-making fee
) 240 fce

Comparative
300 fee
Example 2

360 fee
475 fce

(Note) fce:  face centered cubit structure

fct: face centered tetragonal structure



fct: face centered tetragonal structure 9 As is clear from Table 2, those
thin filnms of Exanples 1 - 6 were regul arized at the heat-treating
tenperatures | ower than 400C. By contrast, the tin films of Conparative
Exanples 1 - 2 were not regularized at the heat-treating tenperatures |ower
than 400C. In 5 Conparative Exanple 2 whgyein the anobunt of P was nore than
1.0 at% the peak at face (111) becane obscure and the filmwas not

regul ari zed by t heAmraarleartronediabde 2 shpee shin Sdmwoef Bixgmepleshlan 6 500C.

Whereas, the_thin film.of le 5 in i ch the amount, of was, slon | arly
mor e than 1 Bearderilatged ak Trches balihe i RTRER IGver MARAGT. Ser
than 400C. |Bgfic?odtbu§t,ct%éfﬁih@lqﬁs of CvinpheativeeEramples af - B weré moteased to
exceed 1.0 at% _ suppl enentary addition of Cu enables t?tg) filmtqg be

regul ari zed Begulasied abthe hgatdwpatiaguieanperriutesdavwesddardPPher mire,
Coorci ve o cortey v Tatdplh ZAPRERER HELEER oL P LRy A GPERATY™ o'

Exanpl e havi atptf the pepkt at fide(19tabecanreobsmasuard thietfilm wadmnati on sanpl e
type nagnetorret@r (VSM . gh results are shown in the fol] owi ng . Table 3. 20
TABLE 3 HeatIq§ amﬁsi %ﬁ-t edmatdgeptmentid ieaRReEAtuLes lgherethan For ce,

ol Cor 0t A Y (O Bl 2Bty > o
Exanpl e 4 36D wa®8imilarly more than 1.0 at% was regularized at the
10 heat-treating temperature lower than 400°C. It is thus confirmed:
even when the amount of P is increased to exceed 1.0 at%,
supplementary addition of Cu enables the film to be regularized at
heat-treating temperature lower than 400°C.
Furthermore, magnetic characteristics (in-plane coercive force
15 Hcy and perpendicular coercive force Hc,) of the thin films of the
Examples and Comparative Example having fct crystalline state were
measured with a vibration sample type magnetometer (VSM). The

results are shown in the following Table 3.

20 TABLE 3
Heat-treating In-plane Coercive Perpendicular
Sample Temp. Force, Hey Coercive Force He |
cC) (kOe) (kOe)
Example 1 360 6.17 5.41
300 2.37 2.17
Example 2
360 6.90 6.38
300 1.58 1.26
Example 3
360 6.17 5.41
Example 4 360 3.08 3.76
Example 5 360 3.86 3.26
Example 6 360 6.24 5.87
Comparative 600 9.09 7.63
Example 1




Exanple 5 360 3.86 3.26 Exanple 6 360 6.24 5.87 Conparative 600 9.09 7.63
Exanple 1 10 As is clear fromTable 3, the thin filnms of Exanples 1 - 6 had
coercive force of at least 3 kCe at the heat-treating tenperature |ower
than 400C, and it is confirmed that they maintain high coercive force even
when the heat-treating tenperature is Io red. 5 This denonstrates the

excel lent effect that the a&pl I cation scog}e of substrate is enlarged for
the thin filnms of Asasples from @ablais;ithed 1heﬁlhxe&abf1’ﬁb@anpkbsai -t@lh&d” at ures

| ower than 400C abI [ t.he rat es | ch ar rmal |y

defor med at CRsES Toreesitricash kO at i heRtEr itk e Eirg MR o 1
1o which reqmé&%@c’tm%d fteiétd&iﬁrr&édttﬁﬁﬁﬁthég%%nm}l highetodrieare f6QEC for

obtai ning the high coércive force. Based on the results as shown in Table 3,

grai ner st arevery when she dieatofrepting-tempezatieuisdoveeneded, aining at

> and 3 1 amfﬁh”"é’ﬁh oot et SRty GG TR (L 1k ABRACHRIGR ¢ hen
treatnent. ﬁﬁm ¥f suilestiase i@ bhbdrdad forathd tleauihay (ﬁ@kém@ﬂes flurgace, the

melt was cast wi th carbon nold and finished by cutti ng rovide a
3-inch sput t witiply cearpheatiseatadiat twmaty&%b)wmt 28 A00°Gnt sputtering

bt a5 Fo, ochuplifig R g bPHASREAR Rt Bl R vy rb%?@@?%r&é%@%%‘ P33
Cu (at% It 660°®einocepsiristh wlohmtlﬁaw}ﬁnzﬁlm@tf CGompuatheiverigxaargetl 25

having the conpasition close to that ainmed at coul d b roduce The
resul t ant0 spYYE‘P irﬁﬂuirzﬁsg%;GMQQ%QP?EESE%WWWE? lowea ?Wtj‘

variation i nghhec $orBBEAIAR tHACh I BOIRIFDEHER:
Based on the results as shown in Table 3, grainer starting

materials of Pt, Fe, P and Cu were mixed, aiming at obtaining a
composition close to that of the sputtering targets of Examples 2 and 3

15 which showed high coercive force after the low temperature heat
treatment. The mixture was melted in high frequency smelting
furnace, the melt was casted with carbon mold and finished by cutting
to provide a 3-inch sputtering target. The result of analyzing the
resultant sputtering target is shown in the following Table 4.

20

TABLE 4

Intended Composition | 48 Pt, 48 Fe, 0.5 P, 3.5 Cu (at%)
Analysis Result 48.6 Pt, 47.8 Fe, 0.3 P, 3.3 Cu (at%)

It can be understood from Table 4 that a sputtering target
25 having the composition close to that aimed at could be produced.
The resultant sputtering target was analyzed at plural sites, showing

no variation in the composition, being homogeneous.



11 CLAIM5 1. A magnetic thin filmconposed of 40 - 60 at% of Pt, 40 - 60
at% of Fe and 0.05-1.0 at% of P. 2. A magnetic thin filmaccording to Caim
1, which contains 0.1- 0.8 at% of P. 3. A nagnetic thin film conposed of 40
- 60 at%of Pt, 40 - 60 at% of Fe, 0.05 - 2.0 at%of P and 0.4 - 19.5 at%
of Cu and/or Ni. 4. A magnetic thin filmjaccording to Caim3, which
contains 0.1 - 1.5 at%of P. 5. A nagnefi gin filmaccording to daim 3,
which contains 1.0 - 10 at% of Cu and/ 6. A magnetic thin film
according to Caim1 or 3, which is forned by physical vapor phase grow ng
met hod, sputtering nmethod or vapor deposition nethod. 7. A magnetic

recordi ng medi um f Armeagneticthindilh canmpagest 0£40th60 aft?d of Bs, 4@s060 bée i n

any one of d ai 1,- 8 uttering target or vapor deposition nmaterial
conposed of Oﬁwa%é %S%—ol@?%ﬁlﬁ 60 at% of Fe and 0.05 - 1.0 at % of P.
9. A sputtering target or vapor deposition material conposed of 40 - 60 at%

of Pt, 40 - 60 at%of Fe, 0.05 - 2.0 at%of P and 0.4 - 19.5 at%of Cu
and/or Ni. 2. A magnetic thin film according to Claim 1, which contains 0.1 —

0.8 at% of P.

3. A magnetic thin film composed of 40 — 60 at% of Pt, 40 — 60 at%
of Fe, 0.05 - 2.0 at% of P and 0.4 — 19.5 at% of Cu and/or Ni.

4, A magnetic thin film according to Claim 3, which contains 0.1 —
1.5 at% of P.

5. A magnetic thin film according to Claim 3, which contains 1.0 —
10 at% of Cu and/or Ni.

6. A magnetic thin film according to Claim 1 or 3, which is formed
by physical vapor phase growing method, sputtering method or vapor

deposition method.

7. A magnetic recording medium formed with use of a magnetic

thin film as described in any one of Claims 1 - 6.

8. A sputtering target or vapor deposition material composed of
40 — 60 at% of Pt, 40 — 60 at% of Fe and 0.05 - 1.0 at% of P.

9. A sputtering target or vapor deposition material composed of
40 - 60 at% of Pt, 40 — 60 at% of Fe, 0.05 - 2.0 at% of P and 0.4 — 19.5
at% of Cu and/or Ni.



