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the Cr underlayer without breaking vacuum in the sputtering chamber. This film had a coercivity H, of 1875
Oersteds (Oe) and a squareness S of 0.90.
In a second exampie a thin film disk was fabricated under similar conditions with a 50 nm CrsoCo20 (20
at.% Co) underlayer and a 25 nm thick CogzoPtz0 magnetic layer. This film had a coercivity H, of 1500 Qe
s6 and a squareness S of 0.88.
By comparison with these two examples, a thin film disk with a 50 nm thick CrgoVae (20 at.% V)
underlayer and a 25 nm thick CogoPtzo magnetic layer had a coercivity H, of 1775 and a squareness S of
0.96.



45 i mwention, CoPt record disks were first nade with Cr and.

chrom um cobalt (CrCo) underl ayers between the substrate and the CoPt
magneti-c layer. In all the foll om,lagugwfmment al exanpl es described herein
t he substrate was sen conductor grade single-crystal silicon. In the first
exanpl e, .a Cr underlayer 50 nmthick was deposited by DC magnetron

sputteri ngTHaﬂ&sfaltsaofmehdtﬁﬁaeﬁmaﬁEaratuaeoamTame Argon pressure of 0.266 [err] and
a substrate tenperature of 128 C. 50 Thereafter, a 25 nmthick

cobal t-pl ati num al fi ith 20 at. % pl tlnum[ r] was,gdeposited onto
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squar eness S of 0.§8(M yonparison wthgjdeese tope@xanplee®s a thin film
disk With a 50 nmthi $err] (20 at.% V) underlayer and a 25 nmthick
[err]magnetic |layer had a coercivity [err] of 1775 and a squareness S of

0.96. 2 EP 0243 672 Bl The results of these three exanples are listed in
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Under | ayer Type [err] Underlayer Thlckness (nm 50

50 50 [err] Magnetic Properties]gf(Fog,Pt,, 1875 1775 10
[err] 0. 8fith variouf Hderlayers 0.96 Table 1 Magnetic

Properties of [err] Wth Various Underl ayers 20 Wil e the disks wth the
Cr and CrV underl ayers showed simlar coercivities, the disk made with the
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[err] “under | ay PnadFlagkP ofpe( NM) cr 4@Eg0V,q
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\ H_ (Oe 1420 1580
M«ao ¢ (Ce) -3 -3
M ‘t (emu/cm ) 2.75 x 10 3.0 x 10
s M /M) 0.90 0.915
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Table 2

50 Magnetic Properties of (CoesPtls) 93.5&:6. 5

With Various Underlayers

A 40 nm CogoPtzo film deposited on a 50 nm CrgoV20 underlayer was examined by X-ray diffraction

55 analysis. The results showed a mixture of crystallites of HCP and face-centre-cubic (FCC) phases. A
CosoPtzo film of the same thickness deposited on a 50 nm Cr underlayer, on the other hand, exhibited only

an HCP phase, without any observable FCC phase. When the CrsoVzo underlayer was decreased to 20 nm
thickness, the coercivity of a 50 nm CogoPtzo film decreased to 400 Oe and the dominant phase in the
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| nproved squareness of CoPt filnms caused by the CrV underlayer is a result
of the close lattice matching between tdhe BCC CrV all oy and the HCP phase
inthe [err] film A BCC crystal has a single cell constant, [err]. The
(206 plane of a BCC crystal is a square with dinmensions [err]. See Fig.
2A. An HCP crystal has two cell constants, CHCp which Is 15 parallel to the
[002] or C-axis, and [err] which is perpendicular to the C axis and
parallel to the [010] axis. The (110) plane of the HCP crystal is
rec%angul ar wiwth dinensions [err]. See Fig. 2B. The HCP CoPt phase is

| aftice matched" to the BCC underl ayer if the (110) plane of the CoPt has
simlar dinensions to the (200) plane of the BCC underlayer. Table 3 lists
the lattice cell constants, as determ ned from X-ray diffraction anal ysis,
for [err] disks made with G and C alloy underlayers. 25 30 35 40 46 60 55
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4. EP 0 243 672 Bl Magnetic Exanpl e Under | ayer

| ayer 5 1. ' [er] [err] [err] [err] 2. [err]
15 ’ 20 3. 100 Cr
%E:H 25 . [errFL([Br#%]ebgg']?,o[[ere;]r] [err] 35 Table 3 "

Lattice Cell Constants For BCC Cr Alloy Underlayers and HCP CoPt Magnetic
Layers 40 The msfit of the cell constants of the HCP CoPt magnetic | ayer
to the respective cell constant for various B@agietigl | oy. underl ayers is

depi cted gr |y 3. As shown by Fi , [err] provides a closer
| at t.i ce mtm %ﬂié%s Cr Co. AnotherI1 whi ch has an [err]

val uesgreater than that of CrCo or Cr, 45 and which would provide a good
lattice matching W tbo% iy chromumiron @& deko 'Ihe msfit of HOP
[err] assuming [err] =0. 26§°nﬁPand [err]= 0:422 n 9% R BCC [err] having
an [err] = 0.30 nm Pa 86,0 o 2. Thus, 2geFs P‘&yers al so result
in a CoPt fI|mV\Ath i( o\(e (# 80.088 hmOV er e @QL42201 A5 W t h CrCo and
Cr unferl ayers. To summari s both the BCC chré‘iéj rpva adléjrnség{ﬁ
chromumiron (CrFe) alloys have a lattice so ed [err],
greater than that of BCC CrCo or BOO O alone, and thus nore closely match
the lattice gtructurggqfy £pe hexagonal -cl ose- Eg%%&b HP) CoPt or CoPtCr

crystallites in the nmagnetic layer. Wien a sillcon s8bs®Pate is used, as in
t he above-descri bed I%5289§nm!mderl ayer i 8yeeduPri&® BB i nprove the
C-axis orientation ot e;( CPypharnao098 nmhe maanet l.coumqrmn t he pl ane of
the film The CrV and CrFe erl ayers serve a \Qgg t he
substrate is of sone other material, such as £3ni d ékcp (b’h glﬂﬂus (Ni P
fid mbormed on an al um ni um al I oy di sk, however, an underlayer may not be
absol utely ngcessary, &r 8Ly benefi ci aI to i gpr,&veot hg i n-plane G axis
orientation.” The underlayers of the present 80 20
"BGC = 0.2888 nm Qep ™ 0.262 nm
2 )(a ) = 00,4084 nm HSPS- 0.4218 nm
)(Q.HCP) = 0.4538 nm
" 4. S0 mm c:aovzo 40 mm Coeol’tzo
aasc-ozsunm ancp-ozszm
)(aacc) = 0,41636 nm “8’5- 0.4222 nm
”‘HCP) = 0,.4538 nm
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Table 3
Lattice Cell Constants For BCC Cr Alloy
S Underlayers and HCP CoPt Magnetic Layers

~ The misfit of the cell constants of the HCP CoPt magnetic layer to the respective cell constant for various
BCC Cr alloy underlayers is depicted graphically in Fig. 3. As shown by Fig. 2, CrgoVzo provides a closer
lattice match than either Cr or CrCo. Another alloy which has an agec value greater than that of CrCo or Cr,
45 and which would provide a good lattice matching with CoPt, is chromium-iron (CrFe). The misfit of HCP
CosoPtz0, assuming auce = 0.262 nm and Cuce = 07422 nm, with BCC CrgoFezo, having an agec = 0.30
nm, is shown in Fig. 2. Thus, CrFe underlayers also result in a CoPt film with improved squareness over
prior art films with CrGo and Cr underlayers.
To summarise, both the BCC chromium-vanadium (CrV) or chromium-iron (CrFe) alloys have a lattice
s0 cell constant, denoted ageg, greater than that of BCC CrCo or BCC Cr alone, and thus more closely match
the lattice structure of the hexagonal-close-packed (HCP) CoPt or CoPtCr crystallites in the magnetic layer.
When a silicon substrate is used, as in the above-described examples, an underlayer is required to
improve the C-axis orientation of the HCP phase of the magnetic layer in the plane of the film. The CrV and
CrFe underlayers serve this purpose. When the substrate is of some other material, such as a nickel-
56 phosphorus (NiP) film formed on an aluminium alioy disk, however, an underlayer may not be absolutely
necessary but only beneficial fo improve the in-plane C-axis orientation. The underlayers of the present
invention enhance the C-axis orientation and thereby improve the magnetic properties of the thin film disk
when the substrate is a NiP film on an aluminium alloy disk.



I nvention enhance the C-axis orientation and thereby inprove the magnetic
propertles of the thin filmdisk when the substrate is a NP filmon an

al umi niumal l oy disk. 5 EP 0 243 672 Bl The above description rel ates
only to the formation of the ERgh243i672|B¥yer and underl ayer on the substrate
and not to the well-known aspects of the recording media and the nedia
fabrication processes. For _exa in the fabricatj on of th|n fllmnetal
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chrom um and either vanadiumor iron. 2. A nmagnetic recordi ng nedi um as
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all oy conprises a nixed phase of HCP and FCC crystallites. 20 4. A magnetic
r ecordi Mgagretic tenordisg miediimael cleimed in/clgim d cie dhiel theundarayer ronglis oha filmet leeinet i ¢
altboy a0 @thfa"rﬂﬂOVCQiPUﬂmUma"SVa"AdIMgnet i ¢ recording nedi um as clained in
any preceding claim in which the substrate is of sili rragnetlc
r ecoPdi hegrslc (AsPag Slediumeag dgmedy clgim &g pigm 2 in whioh the ﬁy%{ﬂf Eﬁg'teﬂ‘é ?ﬁbst rate
consi steomprises g miredphase ohtICK PAFGLSYSRYeS: i ckel - phosphorus il m for med
ther on bene th t erla n eco ai med
5 A PERRR Bt ORI A B o
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d' un al diinfgiém Glbb'hﬂ\ﬁtfb @nidkSRHBsph6rls MMISIMEE theldbrObERoRR the @nddfidyier. du vanadi um soi t
du for. 2. Mlieu d enregistrenent magndti que selon | a revendication 1,
dans 7] equabndtia récdtdNgemediingl as elainedeis tang Presbédirnguei@md further faonprisitigun pro®ptive sseur
d' au noiversodt formed @eithe ajdriohmagnetie atiby.one et de vanadium 40 3. Mlieu
d'senr egi strenent magneti que selon la revendication | ou |la revendication 2,
dans Reapdisations couche de |'al liage magn6tique conprend une phase ndl angde
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de cristallites hex onaux trOs tasses et cubi e a fa entree 45
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quel con ®- des revendi cati ons precedentes, dans | equel |e substrat est du

SI i QI ulmleu d'enregistrement magnétique selon la revendication 1, dans lequel la couche inférieure est
constituée d'un film d'une épaisseur d'au moins 20 nm d'un alllage de chrome et de vanadium.

40
3. Milieu d'enregistrement magnétique selon la revendication 1 ou la revendication 2, dans lequel la
couche de l'alliage magnétique comprend une phase mélangée de cristallites hexagonaux trds tassés
st cubique & faces centrées.

45 4. Milieu d'enregistrement magnétique selon I'une quelconque des revendications précédentes, dans
lequel I'alliage magnétique contient également du chrome.

5. Milieu d'enregistrement magnétique selon I'une quelconque des revendications précédentes, dans
lequel le substrat est du silicium.
50 ‘ .
6. Milieu d'enregistrement magnétique selon I'une queiconque des revendications 1 2 4, dans lequel le
substrat est constitué d'un alliage d'aluminium ayant un film de nickel-phosphore formé sur celui-ci au-

dessous de la couche inférieure.

s5 7. Milieu d'enregistrement magnétique selon I'une quelconque des revendications précédentes, compre-
nant de plus une couche de revétement protectrice formée sur la couche de I'alliage magnétique.
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50 6.<Mlieu-d enregistrement magndtique selon |'une quel conque des
revendi cations 1 a 4, dans |equel |e substrat est constltjﬂmmm"lmr"mﬂll
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it is kayawn to provide a protective overcoat, such as a sputtered,

essential ly anorphous carbon film over the magnetic layer and in certain

i nstand¥amso 5 provide an adhesion layer, such as a sputtered fil m of

titanium between the overcoat and the magnetic layer. Clainms 10 1. A

magn¥t ile A 8egielc aerdiaaimediye eamavisiag & igyves of agabait-platinym magnetie aligy formediamafi@met i ¢

al [ oy f or faapeligpnderiayas on Pragﬁ‘é‘tt? characteasad Dy de updpriayes eapsisting oA badyrgented eibicsed by

t he under fiy &cheopiye) aod sifer ypadiumhd#90-cent red cubic al | oy of chroni um and .

ei ther ,vapadi um or iron. .2. A magnet | cor.di Lum as, clai in claim
2 R agnelic recording medium claumﬁ'mcl Jl’(?wicltn ulzlrera r ists of a aq-

1, 1p M|5ﬂ£1ﬂﬁk$§%ﬁ§%{ rorsiOn Bhdvara 5 1 Vhieh a?q_ %gg? °fﬂ"'os_ fg{aﬁrﬁfhl ck

of an alloy of chrom um and vanadi um A magnetic recordi ng nedi um as

clai meq, i A rabidtidetorfthg Mo ag claividd W14 1t$?%|aln|@|¥9£ which g%%}g} Mznaﬁhéu@éuqy

CONPr i SeSeamphiel @thiH BRdse 8f HERAna #86 chyStanited. ystal i tes. : nmagnetic
recording mediumas clained In any preceding claim in which the magnetic

al | oy al s nfagWtieredbrdiRd nfdBiuv MBs crimed INTRGY Proteding @A, Gh WBICHTTE inligheds afidyadigged i N
any precesbnfa@s Edréhith. | N wWhi ch the substrate i1s of silicon. 25 6. A
magnetic recording nediumas clained in any of clains 1 to 4, in which the
subst r &t eA cegreliciesordidg reetiver asrtaimedrin adylpegedirg\adlaing irewhichatheesubgraespofaiican. fi | m
formed thereon beneath the underlayer..7. A magnetic recordi ng nedi um as

cl aized i Amagnptiprecardied medium as ¢lgimdéd ip ameaf claimsirtp 4i imyhich e substraté cansigiy efranoat
for med ovalyminiyre aljoy haminggf nickglphesphasusiim feymediprara beneath égtundasiayer.. M | i eu

d' enregi strenent magndti que conprenant une couche d' un alliage magnrtique
de cob§1 tA magpefic secordingymediym g5, glaitmgd, imany; Recafing Gl fgterneayReting, s #rotagtivey n
subst r at , “VE'GPa fofRRd; ey tha JayeEoffRRgntis &Yy che 36 infdrieure est constitude
d’ urf"aIRI i %g%ﬁ%ubi que A faces centrdes de chrone et de soit du vanadi um soit

du for. "eu d' enregi strenent magndti que selon | a revendication 1,

dans | §aYGie, den ﬁﬁ&)ﬁ‘an{ {iq%k'ora&n@«%nﬁﬂ@%&dc%&& éﬁiéaggm'%%nléﬁ%lg db'%‘t‘aﬁ ine> EUT
dl au ol g, Osup! cdtbhelinfériddfECndn Gm étﬂﬂ?snﬁtu obotr déthdidl § cét que la! dotiche
d" engegi ShisiaRHst SHRSIRRE [dGH Aisde! Ablqle® {a&é%'a}é%&d Sifore &We lstit dEVEREHLINE &l ON 2
dans | equglied @ couche de |'alliage magndti que conprend une phase ndl ang6e
de cristallites hexagonaux trbs tass6s et cubique a faces centr~es.
2. Milieu d'enregistrement magnétique selon la revendication 1, dans lequel la couche inférieure est
W, constituée d'un film d'une épaisseur d'au moins 20 nm d'un alliage de chrome et de vanadium.
40
3. Milieu d'enregistrement magnétique selon la revendication 1 ou la revendication 2, dans lequel la
couche de I'alliage magnétique comprend une phase mélangée de cristallites hexagonaux irés tassés
et cubique & faces centrées.

45 4. Milieu d'enregistrement magnétique selon I'une quelconque des revendications précédentes, dans
lequel l'alliage magnétique contient également du chrome. '

6. Milieu d'enregistrement magnétique selon l'une queliconque des revendications précédentes, dans
lequel le substrat est du silicium. o
50
6. Milieu d'enregistroment magnétique selon 'une quelconque des revendications 1 & 4, dans lequel le
substrat est constitué d'un alliage d'aluminium ayant un film de nickel-phosphore formé sur celui-ci au-
dessous de la couche inférieure.

56 7. Milieu d'enregistrement magnétique selon I'une queiconque des revendications précédentes, compre-
nant de plus une couche de revétement protectrice formée sur la couche de I'alliage magnétique.
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46 4+ Mliieu d enregistrenent magn6t|que solon | "une quelconque.des_
revendi cati ons prec6dentes, dans |loquel |'alliage magndti que conti ent

dgal enent du chronme. S. Mlieu d renent rragndtl EHI":“

quel conque des revendi cati ons pr E?erudgﬁt@é Beidans | equel l’Hﬂﬂt’”ml
silicium 60 6. MIlieu d enregi strenent magndt| que sel on 7 une quel"coﬁqu’é
des revendications 1 a 4, dans lqoquel |e substrat est constitud d' un

al fiage ' MappblisthésAuiéRAHungsMediinh MitdMenSchkm|auPEIRs RIAgHeBschél KiBalBRIdtin € 6gisHingC |
au- dessougie@e dirdr AiCHIEAGnelisthé Urdischicht a6 ehemdubsti@tigebliiceNIBC GddErich GekBrtizeichnet,
magndt i que dsrdi® Untbrdéhichtiaie lomer veutzetiSaitel RUbEBITHN AagibranySaup ICBIRAIAYN bteedet Vanadie -
nant de pl us odercEiseotiestebt. de revat enent protectrice fornde sur |a couche de

| "al | i age magn6ti que. Patentansprtlche 6 1. Magneti sches

Auf zei cHuMggnetsdies uizdichnegamediuBrl hack A0Spaugh 1.diehwaicham gliecintesschieht aktodingr Schithhit i n
Legi er ung, milizamindgst 20nmelicke pusteinopiagienng ausithromUmd Yarpdiimdiestehtuf el nem Subst r at
gebi l det_ist, dadurch gekennzei chnet, dal die Unterschl cht aus el ner

r aunz @nt% i Megnelischensiuizeichnyngsmeriwp Bah Anseruehnt eder Arkel welshpecrlia Sehichtays magnet-

um oder Ei S¥¥F Lpgicrung pine Mischphisevoa H %é"%&?f’%f"&'ﬁ?ﬂm@é’wm ‘tﬁ‘HmFﬁﬁde'ﬂﬂ‘s'BF't?eh 1,
bel wel cheﬁ?"ﬁfle@"fﬂﬁ?@'iegﬁﬂ'i'éght aus el ner Schl cht mt zum ndest 20nm Di cke aus

el ner Leﬂl W ﬁes Agi\'lzﬁeu‘E ngedi\t{%ng‘d |E?8nae EI vorgeLen on pﬁ;@ﬁt A cﬁ?m dle

Auf zej chnu
magnekl - 3r un nerowlegg' phase von HCP (hexagonal di chteste

Packung)sg, Uﬂ\qng %&kﬂﬁiﬁﬁhnﬁédeﬁmﬁnnmﬁ W&Eﬁdeﬁ&{\ )votgbhenlish hhsbibh, Al Welchem das
Magnet i schegnstittishigilng spungsnedi um nach irgendei nem vorgehenden Anspruch,
be! welchem die 16 magneti sche Legi erung auch Chromenthlit. 5.
Magneio sochefgnitidchei AlitRRMFERBHRIM A rgéntigRsnt] @b Arspiacre] € Ibinaletsi AdRunu@ls  bel
wel chem dasubfstid s ainerSAlbrhiiraiBgiérarg. mi? Ginerbuntdl/igmentérsahiaBtsgebittb@e INIdRelPRGsPREdI UM
nach | rgendenichedarstitbostditspr Ocche 1 bis 4, bei wel chem das Substrat aus einer
Al um nium egierung mt einer unter der Unterschicht gebil deten

Ni ckel - FlhoMetnetischesc Aufzsichnugsniediumb pach dtgerdeinem \tprgebanderc Waspruch, das femer einen

Auf z etsc hnuppdtaendsn Bherau aufwelstoioniher drs Sehichbaugaragratiesherdngiprnggebildgbist. f ener

ei nen 25 schl t zenden Cberzug aufwel st, der Uber der Schicht aus
magnet i scher Legl erung gebildet Ist. 30 35 40 45 50 55 7
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