0 4 'DEC 2003 1 Magnetic Recording Medi um and Magnetic Recordi ng and 2003
Repr oduci ng Devi ce Background of the,lnvention Field of the Inventigéufﬁe
present invention relates to a nmagnetic recording nedium and a magnetic
recordi ng and reproducing device in which the magnetic recording nediumis
used. This application is based on Japanese Patent Application No.

203947/ 1999 filed in Japan, the content of which is incorporated herein by
reference. Description of MRENREAGt Bgcmrdimg Medipmesent time, a
comercially availgble magnetic recording nediumis typically of an

i n-pl ane recor di A§dt Ypgnetic\ReEERTARG ﬁa§n§€mfgépsﬁnax Viif€ magnetic
filmis oriented primarily horizontally with respect to a substrate. In
such an in-plane magnetic recordi ng nedium when recording density is

i ncreased, a per-bit volyggcgeggggé oﬁx%ggshﬁgg¥ﬁ§gﬁgl and reproduction
a suft

characteristics may decline fluctuation effect.
addi tion, when recording density is increased, noise attributed to the
recordi ng medium may i ncrease as a result of the demagnetizing field

effect afiandesprdhaorhivbnbodpndary. In contrast, a perpendicul ar nmagnetic
recording nmedium in which easy magneti zation axes in a magnetic filmare

oriented prinehel pregependneentiby Wellate@Specth MAghetSEHdR R iing not
easily affected by the denagnetizing field 2 0 4 0 E C 2003 at a recording
bi t bourmiediuryeandhanmagnetdingedondihy and irepredsedngldendicer dn
recordi ng magneti c domai ns having -distinct boundaries are forned,

resul tirighiahrebecrpghetac nerseding mediumons geed.when a per-bit vol ume
is relatively | arge, recording density can be increased, and thus the
medi um i s not TBaSj PpPairatied By brReesarcn vappggseoRatBdtause of these

reasons,, a perpendi cyl ar net,i ecordi.n di um has recently hecone of
keen int%ﬁ%gf?gghﬂnngaruﬁ$§g4?/&895 £21€9"9n ggpan, the con entyof

which is incorporated herein by reference.

Description of the Related Art

At the present time, a commercially available magnetic
recording medium is typically of an in-plane recording type
in which easy magnetization akes in a magnetic film is
oriented primarily horizontally with respect to a substrate.

In such an in-plane magnetic recording medium, when
recording density is increased, a per-bit volume becomes
excessively small and reproduction characteristics may
decline as a result of the thermal fluctuation effect. 1In
addition, when recording density is increased, noise
attributed to the recording medium may increase as a result
of the demagnetizing field effect at a recording bit boundary.

In contrast, a perpendicular magnetic recording medium
in which easy magnetization axes in a magnetic film are
oriented primarily perpendicularly with respect to a

substrate is not easily affected by the demagnetizing field



structures suitable for perpendicul ar magnetic recordi ng have been
proposed. For exanple, Japanese Patent Application Laid-Open (kokajg4ﬂ@CZM3
77025/ 1983 and No. 141435/1983 disclose that Ti is used for an undercoat

| ayer of a perpendicular nmagnetization filmcontaining a Co all oy

material. In addition, Japanese Patent Application Laid-Open (kokai) No.

180360/ 19964 86b938Rot B BBGARY Qe UL BLATAISR dells g ginder coat

| ayer. Recent netic recor medi um een denan to have a

hi gher r¢aerdhBgddenThitefdid, FecOMdiNg miynditilk ddiiaSidd 4hindPr ovement
of noise characteristics has been required.” Moreover, since corventional

nmagnet i cdige@hdicNBoiRdiaz ied rieotformed,| realltfiagl Ay ddddi®n Gfy noi se
characteristics, a magnetic recording nmedi um havi ng excel | ent noise
charact enbitecs ia deédindes., SulMARYeDF aT e -BYENTICONMen i awleft iviay
foregoing, an object of the present D4 D E C 2003 3 invention is to
provi de damggnerecorddogdidegsityi aanabe dnoregusetd,c anel drhoisng: hsnd
reproduci ng devi ce having excellent noise characteristics. A magnetic
recordin@eaéﬁmu#ﬁaé@ﬁrGﬁﬁglﬂoaﬁﬁécﬁﬁdbbwttﬁa&m&hiﬁiu&ﬂﬂﬂmﬁqyes a substrate,
a first undercoat filmand a second undercoat filmforned thereon, and a
per pendi BEFaRSenREné&Nes gt FEASPIEm FoPREP S 1N 2de 8GR aldde FESAr F5nd

per pe S f 45 sgRedindn
e ori cHERHURr FARr EFy CBaL¥CREEateaP, Mo A AEehot AT ARt rat e,  and

the fir S&t?ﬂfl%ﬁ%@ét sl tTb 18033 g%rge%%hg%'r. Biaﬁ‘[?.l%tsitcf Yl & s nP G dyd St
undercoat TIImmay contain a material predom nantly conpri Si ng ‘one or nore
al | oys sgbgﬁt?gogggga_anong Ni Al, FeAl, CoFe, CoZr, NiTi, Al Co, and Al Mh.
When the first undercoat filmcontains a material predom nantly conprising

any binetal |l i ozl lkexpampdlegcidapane®® Patent Application Laid-Open
{kokai) No. 77025/1983 and No. 141435/1983 disclose that Ti
is used for an undercocat layer of a perpendicular
magnetization film containing a Co alloy material. 1In
addition, Japanese Patent Application Laid-Open (kokai) No.
180360/1996 discloses that an alloy of Co and Ru is used for
the undercoat layer.

Recently, a magnetic recording medium has been demanded
to have a higher recording density, and in conjunction with
this trend, improvement of noise characteristics has been
required.

Moreover, since conventional magnetic recording media
are not at all satisfactory in terms of noise characteristics,
a magnetic recording medium having excellent noise

characteristics is demanded.
SUMMARY QF THE INVENTION

In view of the foregoing, an object of the present



among N Al, FeAl, CoFe, CoZr, N Ti, Al Co, and Al Mh, the content of eptREC 2003
conponent in the alloy is 40-60 at% 3 preferably 45-55 at% The second
undercoat filmpreferably contains a material of hcp structure which

predom nantly conprises one or nore elenents selected fromanong Ti, Zr,

Ru, Re, Y, Gd, and Th. The perpendicul ar nmagnetization filmpreferably

CONpY i Segn@liir fbhOYs SELCEEEY 1B AUBAA YR/ PLbBlas Ry Rellfm aRRda 0 O/ PL/X
ele ro a, Zr, Ng, &E, R , NI,

(X: one or nore species ctedf anmong and

B). Prefgs ica 3 ebhg | k ate gblli K0 : t S

o ovi ded b eeie FREOLITANTRNA ERbE LR Ay dey 1O Ve s ikht

per pendi gt 8¢ ORgpgEtapikencEkl.l m The thickness of the first undercoat film
is preferably 500 A or |ess. The thickness of the perpendicul ar

nmagnet i zat i onAf mhgnesicpreterdiny Hhedit@0@choriiagmgnethe presendi ng and
reproduci ng device according to the present invention conprises a magnetic
r ecor di njnverdiom campr dissaagaesiibsheatef, oa fécetdundeardatefridouaindga

i nformati on, wherein said nagnetic recording nmedi um conprises a substrate,
a first $eererdoarderrartnfiimséesmngdunbiereear apdl m perpeadikedesn, and a

erpendi cul ar, magneti zatjon _film_ fornmed on the second undercoat film
ahefein %%%?etﬁﬁgﬁé??zgf#ﬂnfafﬁgdiﬂntﬁ en8rpendi BnAsrcrRagnddit®at i on fil m
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the first under contarns a e. In the case

of enpl oya@Rdt Pfadibh nﬁm{pgraeaﬂiéﬁt&aepﬁmagﬂ&cngggngiﬁxgafggfef erabl e

that a thickness of the first undercoat mis 8 . described
above, thbthagespést resotBengubbeidte, agaar ¢hagriesthanaeeseat FRYaNti on

conprises the first undercoat filmcontaining a material of B2 structure,
and contains a material of B2 structure.

The first undercoat film may contain a material
predominantly comprising one or more alloys selected from
among NiAl, FeAl, CoFe, CoZr, NiTi, AlCo, and AlMn.

When the first undercoat film contains a material
predominantly comprising any bimetallic alloy selected from
among NiAl, FeAl, CoFe, CoZr, NiTi, AlCo, and AlMn, the
content of each component in the alloy is 40-60 ats%,
preferably 45-55 at%.

} The second undercoat film preferably contains a
material of hcp structure which predominantly comprises one
or more elements selected from among Ti, Zr, Ru, Re, Y, Gd,
and Tb.

The perpendicular magnetization film preferably
comprises any alloy selected from among Co/Cr/Pt, Co/Cr/Ta,
and Co/Cr/Pt/X (X: one or more species selected from among Ta,
Zr, Nb, Cu, Re, Ni, and B).

Preferably, a non-magnetic intermediate film of hcp

structure is provided between the second undercoat film and



therefore, coercive force and squareness ratio may be increased and(noyEe03
characteristics nmay be inproved. Thegmagnetic recordi ng and reproduci ng

devi ce conprises the above-descri bed nagnetic recordi ng nmedium and
therefore, the coercive force and squareness ratio nay be increased to

t hereby inprove the noise characteristics and achieve high recording

density.t§eBgLfEe§§§O 55;'ﬁ%bﬁg}§§§tggﬁm&@§§~Fig' 1 is a partial sectional

vi ew show ng* an i men magneti ¢ recordi ng medi um of the present

i ti . Fi 241 i | I t i e of
Invention. Hgphe thicﬁpgéépﬁfsﬁﬁ@'QQr%Qeu%%e&%b%QpﬁgﬁéP?%og%%fg?%?ﬁﬁ“ SS

the first undercoat filmand orientation of the

per pendi ggb af sRpgNekzation film Fig. 3 is a graph showng the results of
measur enent of coercive force (Hc) and SNR of the above-descri bed magnetic
recordi ng nedithe) thhieRnespagfiethe peapenddicuilsrugadnkd’zatioypifdam iig- pl ane
magnetic recording nediumis used. Fig. 4 is a partial sectional view
show ng phefeegbhd 18Abdd0AeAt of the magnetic recording nmedi um of the
present invention. Fig. 5 is a diagramshowing a structural outline of an
embodi ment of ThenBaaeetécr sespddagganadr aebpreduicigaddevde eocaord ildes ent
invention. Fig. 6 is a partial sectional view showng third enbodi nent of

the magnkPi BNEcEERALAY ABUPOMLBP EREPFAESENR TRGRSHECoX SCORPANYED

DESCRI PTI ON, OF THE .PREFERRED. EMBODI NTS Fig. 1 i h tic.
Donr cso SR B SRB RgmaANCEAToRERINECST "ERe il rne. FaREREEd Wedi um

2o 0 04 BchUE oR, SBABEe 'SR O Bno Ut SRANELHR QLA TR AN |
4 DEC 2093s@bseeabd, undereget uhikFedat? £190r FRENG! isecobeulidirdioat! 1 1 m 4,
film formed thereon, and a perpendicular magnetization film
formed on the second undercoat film, wherein easy
magnetization axes in the perpendicular magnetization film
are oriented primarily perpendicularly with respect to the
substrate, and the first underccoat film contains a material
of B2 structure.

In the case of employment of a ring-type head as the
magnetic head, it is preferable that a thickness of the first
undercoat film is 80-500 A.

) As is described above, the magnetic recording medium
according to the present invention comprises the first
undercoat film containing a material of B2 structure, and
therefore, coercive force and squareness ratio may be
increased and noise characteristics may be improved.

The magnetic recording and reproducing device comprises
the above-described magnetic recording medium, and therefore,
the coercive force and squareness ratio may be increased to

thereby improve the noise characteristics and achieve high

recording density.



a perpendi cul ar magnetization film5, and a protective film6, with m C 7003
films 2-6 being successively fornmed @n the substrate 1. Exanple materi-a

for the substrate 1 include an alumnumalloy having a NNP-plated film
(hereinafter referred to as "NiP-plated Al") which is generally used for
formng a substrate for magnetic recording nedia. The materials for the
substrate 1 conprise glass, ceramc, a carbon material, and a flexible

resin material. These substrates may be coated with a NiP filmthrough

plating or sputterin i cat .fLl I sed for increasing
coercive force, |ncrg%s¥€g §5%§ﬁ£#§§§&r§?iE?haﬁthEgﬁgving noi se
characteristics of the magnetic recording nmedium and the filmconprises a
material of B2 structure. Preferably, the material of B2 structure

predoni nant | ypigQmariiges 9ﬁ%t9.ra1”%'é%t§.|o|n%)is ﬁ@»ﬁ%th%fﬁgorarﬁmng NiAl, FeAl,
CoFe, CoZr, N Ti, Al Co, and Al Mh, and these alloys may ~ additionally

contain ehbo@NihansucH ﬁﬁecmangt1M r¥tozad nibmediem OFe thier gregrgrr coat
filmcontains a material predom nantly conprising any one of the

above- desnvebtdonbi netallic alloys (N Al, FeAl, CoFe, CoZr, NiTi, Al Co, and
Al Mh), the preferable content of each conponent in the aIon is 40-60 at%
preferably 45F85.a2%is\\aegrapd 6bavdng ithepaledwtdon hedwssss Wie t he above
range, B2 StLucture in the first undercoat film2 may be disordered, to

t her eby FBneknRePsefchiFaliErtsERderceRt Fﬁﬂ@kﬁégsOGﬂEPﬁ@tﬂPWSPfUﬁ&E#coat
film2 f bly .det d b | Fi 2
afg?;phl omnﬁgg?ﬁQQ a?ﬁ S%gpﬁégﬁgpﬁég‘ﬁﬁgg% cr| ﬁg' ergr/unhgrcoais
film2 and orksplagl 98 bNgrhih BHAREAG0MHR) r%fsutﬂ% R E&F‘éadglﬁléln?ernt of

ph, S the

magnetization firlm5. In“the gra orizontal axis represent
t hi cknessoefcite forse wnd?r afat skl 62t handpble-descRaBddC HadneiicS

represents the intensity of X-ray
recording medium, when a magnetic head that is used for a
typical in-plane magnetic recording medium is used.

Fig. 4 is a partial sectional view showing the second
embodiment of the magnetic recording medium of the present
invention.

Fig. 5 is a diagram showing a structural outline of an
embodiment of a magnetic recording and reproducing device of
the present invention.

} Fig. 6 is a partial sectional view showing third
embodiment of the magnetic recording medium of the present

invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic representation showing an
embodiment of the magnetic recording medium according to the
present invention. The magnetic recording medium shown in

Fig. 1 comprises a substrate 1, a first undercoat film 2, a



diffraction corresponding to the plane (0002) of -the perpendicular 040EC 2003
magneti zation film5. As is shown in&he graph, the intensity of X-ray
diffraction reaches a peak when the thickness of the first wundercoat film
2is 25 A and the intensity decreases with increasing thickness. As is
apparent fromthe graph, perpendicular orientation of the perpendicular

magneti z f 0 i gnif djﬁﬁ% QH&T@J g first
undercoatgé?leﬂﬁ] lélh??g}g?%ﬁ'n Slm %' _ry d&ﬁ% ¢ ¥n particu a%ﬁ:se (Zj%llé‘g A, and
t her eaf t gr ptPpenai et ald %ﬂé@%'t'%rﬂ%]!nﬂ@ﬁ i) d SFAasdtidre I GKNESS.

Fbrelnafter the region in which the thi ckness of the first undercoat film
2 is arowigh2Ehd; fiilms, 21% 42 iAgnishlcdess s inefler ristnied] asn tiiee "t "

Fig. 3 is a graph showing the results of measurenent of coercive force He
(De) andl8NR (dB) of the above-described magnetic recording nedium which
are neasured by use of a ring-type magnetic head that is used for a

typi cal in-pl Bramphegmetier iadsorfdimdhrediubatyate hle inejide tare hori zont al
axis represents the_ thickness of the _above-described first undercoat film

2, and 0AAUBERUBOA3LQY: R W& |ac§llpa>9il§tr€‘é1prfe1§éfht (hexsgmaiier grefened and
SNR. t . f h, He h thick

anti | EOt AP CNEES PR e A o O Be o S A Y2 AR RS LHRFRE Gt o,
and subs Ey§g£5¥e %SrlR% %%&ﬁi %E%Q%ﬁ! éﬁ?é S also apparent fromthe

I NCr eases mnt Ness un ‘t hi ckness of the first

under coat filehd mheashalst &%rAth%gls%@yst%ctequ%ﬁrﬂéey 1R i ntains an
al nost constant val ue. Subsequently, SNRincreases again W thin the region

i n whi chcébhamlibj ckneagbon §atz00aA, and aMflkixiHie s MReicalSNR

decreases slightly and thereafter nmaintains an al nost constant val ue.

Her ei naf Thesehsubegiratesnmalyi ble chated ekindss Ofik HElm through
plating or sputtering.

The first undercoat film 2 is used for increasing
coercive force, increasing squareness ratio, and improving
noise characteristics of the magnetic recording medium, and
the film comprises a material of B2 structure.

Preferably, the material of B2 structure predominantly
comprises one or more alloys selected from among NiAl, Feal,
CoFe, CoZr, NiTi, AlCo, and AlMn, and these alloys may
additionally contain elements such as Cr, Nb, V, W, and Mo.

When the first undercoat film contains a material
predominantly comprising any one of the above-described
bimetallic alloys (NiAl, FeAl, CoFe, CoZr, NiTi, AlCo, and
AlMn), fhe preferable content of each component in the alloy
is 40-60 at%, preferably 45-55 ats%.

When the content is below or in excess of the above
range, B2 structure in the first undercoat film 2 may be

disordered, to thereby lower noise characteristics.

The thickness of the first undercoat film 2 is



first undercoat film2 is 80-500 A will be referred to as the "B-regi dnDEC 2003
In the B-region, particularly when the thickness is 80-300 A nore
particularly 80-150 A, SNR becones very high. As is al so apparent fromthe
graph, in the case of a nmagnetic head (ring-type head) used for a typical
in-plane magnetic recording nmedium excellent SNR characteristic can be

btained in the B-region-which is characterized by having |

por penai BEFSF8PLEnCRE FORLBG: A5 HEPPEABPOLPRLViugnot  2at i on {11 m 5-as
d with the A regi i ch s characteri havi ng .hi gh

per pendi cul ar a-c Aoy an AP Shehdne’ " ReTphiCh ettt &

| T oves chi o sBoedhan s 1 ¥k Clinhiagcbay REARCAdLAN! AL anharali g The

reasons for this are consi ed to be as regi on, which

has hi ghtper pgadieCcban29r bentakl pRrpBRdl cilgrehhgnd®T84LRI RS 18 5.
per pendi cul ar magneti zation 9 0 C 2003 orienfation, whereas In the

B-regi on, magnet ithat igeaphQr k@Rt dbrdzopfalbards ¢eprie®entiss thandonm zed to
sonme extent. " Therefore, in the B-region, magnetization in an in-plane

di recti ohhbekores sifghhti amst andefopdhefilimodp- kndetheagneti zati on curves
havi ng perpendi cular and in-plane directional nagnetization curves are
formed. Rerpepddgpiar axaB| vepygrentsatheninseobtisiyned, Xamayout put | evel
may increase. He becones higher, as conpared with the B region, in the
regi on i ALMAFERTEAB CRFERABSEAING: ke FhesPlan8ed£882)f PEmthe i s hi gher than
in the B.re ioHH IT this caie‘,Z L epro uitign output level may increase with
t he incr BESEEPRLEE 2 FnBRERGFEZAEA°Ph& L BgPon in which the thickness of the

under coat filﬁkzigssphgﬂeﬁntQﬁ%e%?ggge @h%?ghggyf§@ikgf.§;Ta he ratio of

reproduction output t0 noisSe, és’s €reads nai se | evel may

increased¢@fgheeiahl Yealhekh8 BaakSwAbn! PRe2PRYEKARSE! DFedneedsQay, When
the thickness of the first undercoat film2 is set at a value wthin the

B-r egi onunderseate¥ehmmay ibe2sufpr aadedhas ineefpatgddecieakee ¢agd where
the thickness is set at a val ue
increasing thickness.

As is apparent from the graph, perpendicular
orientation of the perpendicular magnetization film 5 becomes
significant when the thickness of the first undercoat film 2
is around 25 A; i.e., 15-40 A, particularly 20-30 A, and
thereafter the orientation gradually declines with increasing
thickness.

i Hereinafter, the region in which the thickness of the
first undercoat film 2 is around 25 A; i.e., 15-40 & will be
referred to as the “A-region.”

Fig. 3 is a graph showing the results of measurement of
coercive force Hc (Oe) and SNR (dB) of the above-described
magnetic recording medium, which are measured by use of a
ring-type magnetic head that is used for a typical in-plane
magnetic recording medium.

In the graph, the horizontal axis represents the

thickness of the above-described first undercocat film 2, and



in excess of the B-region. As is apparent fromthe above results, the04DEC 2003
t hi ckness of the first undercoat fiBm2 is preferably determ ned as

descri bed below. In the case of enploynent of a ring-type head used for a
typi cal in-plane nagnetic recording nmedium SNR characteristic my be

I mproved when the first undercoat film 2 has a thickness of 80-500 A

mor 6 10 0% B & 3D03 B of CPARry B0, TR0 ALVR RLERnaLe bt NG above

range may cauge p9OospShRenthaidmt ehkSiraph ! Gc lihe feRRaNT 4a3Ar bed bel ow.
when the thickness 1s below the abové range, the perpendicul ar

magnet i zattlontliicknéayonst per pradthiibRhegki Bt #hieOFirk® unlRrethanmper
magneti zation in an in-plane direction. As a result, inproved output due
to the fbrimt2 oreathehethboReredionyi bad babpehukatiggndci dacireases ves may
not be obtained. A thickness in excess of the above range may cause poor

noi se crafa®aklBiics, for the reasons described bel ow. Wien the thickness
is in excess of {he above range, crystal grains becone coarser in the

first undercod® 1F|AL8° 3PBREEDENEFPM the OF@PHonSHRgHEGIEaSEseidd! at e
filma f d t he, . t filmz in_th di cul ar.

mgnet | AT orees s Fhe: BRigkhefE “nly ChEc sieSEoanEercPg t Addaby

! ! _ 0 . I
onhane, e AHer U Aher R PCaNd BRHSEERBhe L, RRR RABREAIRIACL i ate

film4 achdde AshPeast CvhdhemISgb5Eg0hEAR1YI | BNRO indRdakle higain3
preferably contains a material of hcp™ structure. The material” of the

second unieiiathéiteyBonpirdonioAnthy €Ripkhees qgesQLs00r &,Sped es
selected from anong Ti, Zr, Ru, Re, Y, Gd, and Th. The nmaterial nmay
conpri sevitisimgtee e wnenregidret 8NR decreasengsTighZly Rnd Rberéaf@kr and
Tb, Oriﬂgfﬂéé?hgfan almost constant value.

Hereinafter the region in which the thickness of the
first undercoat film 2 is 80-500 A will be referred to as the
“B-region.” 1In the B-region, particularly when the thickness
is 80-300 A, more particularly 80-150 A, SNR becomes very
high.

As is also apparent from the graph, in the case of a
magnetic head (ring-type head) used for a typical in-plane
magnetic recording medium, excellent SNR characteristic can
be obtained in the B-region—which is characterized by having
low perpendicular orientation of the perpendicular
magnetization film 5—as compared with the A-region, which is
characterized by having high perpendicular orientation.

As is described above, SNR characteristic improves in
the B-region, which has low perpendicular orientation. The
reasons for this are considered to be as follows. 1In the A-

region, which has high perpendicular orientation, most

magnetic domains have a perpendicular magnetization




t hese el enments and other elenents, including C, Co, Fe, and N, in

consi deration of lattice matching w tgh respect to the non-nagnetic 04 DEC 2008
intermediate film4 and the perpendicular 11 magnetization filmb5. In
addition, the second undercoat film3 nmay partially conprise a material of
fcc structure. The non-magnetic internediate film4 is provided for

I ncreasin .tgﬁggoerciv force .of .the nedium and the film conprises a

non-nagnggﬁg P YOPIRAT Y GOEU P TeBHO Nra MBS 1EATIRR non- magnet i ¢
i nt di,at ' f l. [ | I. lected f

ST N L R s St S N G
sel ect edrhei-@rawFeNgd jFd+hd B-MagiGh ﬁ%gn@td %QQOE)inPr%f35§%|%nethe .
material of the non-magnetic  i'ntelnedifate i m predonm na } y conprises a

Co al | oyqigeatabnl Becomes22ia@idti%anktt,: addl FuditHerX 180b2134% and Co:
bal ance. The non-magnetic internmediate film4 may have €ither a

si ngl e- | aggnestizattivhe carveshaiingayerpendielae. ahd tiheplaase of a

mul ti-layer structure, the film4 may be forned of a plurality of |ayers
conpri si Agrecsiinghd mageeitdlzadrnoaf carvelsuaale tfyrakdl.ay ass ac erghilsi,ng
different materials, which materials are selected from anong the

above- de§&abbedmnagaedizatdonTie abtakngdet Bnd puspatdilevelf mag 4 preferably
has a thickness of 500 A or |ess. Wen the thickness is in excess of 500
A, magnetPELXSB&Pricles in the perpendicul ar magnetization film5 tend to

DeOe o e T AT B! SR T o et ! 2L
20-300 ArpphepgiBR 13N HELRCEhE PnkcRRebs?83thel?i%st AnGeFcdd23 £i1m
2 is higher than in the B-region. 1In this case, reproduction
output level may increase with the increase in Hc.

Therefore, in the region in which the thickness of the
undercoat film 2 is higher than in the B-region, SNR; i.e.,
the ratio of reproduction output to noise, decreases slightly,
whereas noise level may increase considerably.

On the basis of the above-described reasons, when the
thickness of the first undercoat film 2 is set at a value
within the B-region, noise level may be suppressed as

i compared with the case where the thickness is set at a value
in excess of the B-region. _

As is apparent from the above results, the thickness of
the first undercoat film 2 is preferably determined as
described below.

In the case of employment of a ring-type head used for
a typical in-plane magnetic recording medium, SNR
characteristic may be improved when the first undercoat film
2 has a thickness of 80-500 A, which corresponds to the

above-described B-region, preferably 80-300 A, more



internediate film4 has a nulti-layer structure, in consideration og %@g 0
above-described reasons, the film prgferably has a total thickness # d!B
A or less, nore preferably 50-200 A. The perpendi cul ar magnetization film

5 conprises a magnetic material in which easy nagnetizati on axes are
oriented primarily perpendicularly with respect to the substrate.

Preferred exa s of the gagnetic material 1include any alloy selected
fron1Cb/EFPé??gggycﬁpTéﬁ%aﬁd Co/Cr/Pt/X (X: one or nore species sel ected
fromTa, Zr, Nb,,Cu, Re, N, and.B). .The perpendicul ar magnetization filmb5
nor e preferabgythégm%sge?é&oé’od%“e? &Poé’cﬁwtraﬁrfﬂ%d“@ CHRS Qéfr%ﬁh: 0- 15
at% X .0: %, ; : e t A, f 0 t falls
out si de ?ﬁ%§g§%é%l§gggef %@?gg%%bﬁgﬁggﬁgrgg¥ﬁCSH%%%ﬁFH%Q%r ﬁﬁg?bgﬁh i on

out put degieRagss il ba%wofthwa%gde; 4 iscfh%ctptyfable&gi}%g%pendi cular

magneti zation film5 preferably S t i ¢kness ‘0 0 A when the

t hi cknesgaghethgatR8hPERTinC ¥adb rEagpeetictaliicdn o ldP i dtat i@%S, than 100

i nsufficient nmagnetic flux is obtained to thereby reduce reproduction

out put . theeebyr hampewhmaghlee izhitdonedn ehn time plenee ildiradwion mageetd zat i on
film5 is in excess of 1000 A, the magnetic particles in the film5 becone
coar ser zaguhbdi sémprbhaedcreatpsiti deedéol ithe, fnmmat iion wisdthesfedetvary. The
per pendi cul ar nmagnetization filmb5 nore preferably has a _thickness of

200- 700 @?S%#bﬁgelpeasé%ew@é!miefsé@atsép@w.cur\m@n maYe nat dihehtFined.

wi thin the abgve range, reproduction 0 4 DEC 2003 13 output may be further
i nproved, and®t Ebifkdess &S LG Fhe RPIiS rﬁ@%yﬂa&e %%r&%rf rom
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filmeé is provl preve ¢l “ar

magnet | 2ghkonitkibas 1B AhCELLAS! B e AR iR PUrYBIAI0Y A hlaTage
become cocarser in the first undercoat film 2. Subsequently,
in the non-magnetic intermediate film 4 formed on the
undercoat film 2 and in the perpendicular magnetization film
5, crystal grains may become coarser to thereby increase
noise level.

The second undercoat film 3 is provided for enhancing
the perpendicular orientation of the non-magnetic
intermediate film 4 and the perpendicular magnetization film
5, and the film 3 preferably contains a material of hcp
structure.

The material of the second undercoat film 3
predominantly comprises one or more species selected from
among Ti, 2r, Ru, Re, Y, Gd, and Tb.

The material may comprise a single element selected
form among Ti, Zr, Ru, Re, Y, Gd, and Tb, or an alloy of
these elements and other elements, including Cr, Co, Fe, and

Ni, in consideration of lattice matching with respect to the

non-magnetic intermediate film 4 and the perpendicular



head contacts the nedium and maintaining |ubrication between the hea@ %@ﬁzmﬂ
the nmedium Known nmaterials may be uged for the film5, and exanples P

the materials include a single conposition of C, SIQ2, or Zr(2, and a
conposition conprising C, SiQ2, or ZrQ2 as a prinmary conponent and ot her

el ements. The protective film6 preferably has a thickness of 10- A 100 On

t he Swaﬁ%ﬁﬁég%%§§i£$o£§f&ige filme6, a lubrication filmforned of
yet her’,

perfl uoro | uorinated al cohol, or fluorinated carboxylic acid is

preferably proyided;« an9rfégr=.» E8c858dHﬁ8e£E§a€a??$hi ?héS??Pg%EQa%gi um

conprising the above-described conponents, firs u r coat

film2, ddigpspeend wReler £oatlofi F8E 3stEhSLAPA; Magnetic internediate film 4,
and the perpendicular nagnetization filmb5 are successively fornmed on the

substrate 1 Dhyenpensma@gnetiechntgrreqiisheasispult €51 pgoviacduibr
deposition, or ion-plating. Subsequently, the protective film®6 is formed
on the finowdagiref erlad| goehe bughfpresnaf Vbe mediwd] adahdnthét himm | on- beam
or sputtering. It is preferable to use sputtering to formthe first

under coROMBYTIRSS JindPnamapuet &¢imytenigybt ofnblepostnuoburei al of B2
structure. The material conprises the above-described nmaterials. 14 0 4 0
E C 2003 N@aﬁ%ﬁ?|@@tﬁr+ﬁbrSgathennPPrWﬁggetéﬁnéatsymﬁéaﬁ§eoflém &nown

t echni h di ppi i n- ti I h ti di d
conpri SIRES § TR B EOMRCEr T bRBY CohboRRELec AR FFYE ARhRer COReT (i 1 2
cont ai n%@/cm@’rl&/gbﬁg séﬁalc%g{@r{ﬁpgxtgﬂe(fn%eérclgglggl ggeé%ge and
squar eness rati o may be Tntrease o) €r'eby i npr ove noi sé

charact efdddesa fdien ' SRSRGSTHNYz L hengboye, dgscribed,ghfget is obtained by
provision of the first undércoat film?2 containing’a naterial of B2

structure arepnefefablydatrd mbubrihe 6€aspa8SnoiBpalBeisgUNed to be as
descri bed bel ow.
intermediate film 4 predominantly comprises a Co alloy
containing Cr: 25-50 at%, Pt: 0-15 at%, X: 0-10 at%, and Co:
balance.

The non-magnetic intermediate film 4 may have either a
single-layer structure or a multi-layer structure. 1In the
case of a multi-layer structure, the film 4 may be formed of
a plurality of layers comprising a single material or of a
plurality of layers comprising different materials, which

; materials are selected from among the above-described
materials.

The non-magnetic intermediate film 4 preferably has a
thickness of 500 A or less.

When the thickness is in excess of 500 A, magnetic
particles in the perpendicular magnetization film 5 tend to
become coarser and noise characteristics decline, which is
unsatisfactory.

The non-magnetic intermediate film 4 more preferably

has a thickness of 20-300 A. When the non-magnetic



The perpendi cul ar magnetization filmb5 is formed on the first undercoft 0EC 2003
film2 by the mediation of the second2 undercoat film 3 and the

non-magnetic internediate film4, and the film5 is grown under the

effects of the first wundercoat film2 having B2 structure. In the

per pendi cul ar magneti zation film5 that is growm under the effects of the

firSt ungegeppbafbLB 2104ViNHaB2a ALING UhGe:C el il N, mBY be

pul veri zed, 1solated, a onogeni ze coercive force and squareness

rati o myomeidépsteanedrafte’ A60vELAGSERABRIG GARWRHSNS thaRYifdndi sti nct
boundaries may be fornmed, to thereby reduce noise |evel. Moreover, by

provi si gprefethplgenasdaundentoahitkn®sd offorsmed Aofora IRsslssr imddreof hcep
structure, perpendicular, _orientation of the perpendicular nagnetization
filmb5 fpreterabhyt he-8800Ad undercoat film 3 by the nmediation of the non-
magnetic internediate film4 is enhanced, to thereby inprove noise

char act eri st i €Beangrpgaddicud aromagnes izad iprC £2008 513 ompsisds ext s

consi dered to be obtained tron1LnEroved | atti ce matching between the first
under codt297¢ e HAbkermhal ABnYRaGReFREY HEINREdiZRIEEON 2RSS aMf ch is

attributed. to rovision.of the s cong under coat filn1% avi hcp
strucpur%?l7%t%§dPF?8ﬁFl%¥ B?SBFBﬁ&ﬁu Frﬁﬁew - REGREC T -9 ﬁﬁg?nediate film
4 havi nosliope pLEUC! UpLPRIPRANCLOR,T8E0RE. HAAGLENR il Wil A0q L he

per pendi cul ar magnetization tilmb5; crystal orientation of the film5 may

be preveiherudé oghPpeserbpdsdisetdar edofutone ri/bict,i @o Ao, dHPVi ding an
i nprovenent in crystal orientation, to thereby realize an enhanced
coerci vecéoccepand axeedneedrnmose kpeeliesAsedeewed Friong Th, i4r, Nb,
preferable to forma soft magnetic |ayer 12 between the substrate 1 and
the firstu, uRelerBbatandl B)2. The naterial of the soft magnetic |ayer 12
conprises anorphous material containing Co (alloys of CoZrNb, CoTaNb,

per mal | oy, Seﬁagspgrpgpdéga%ﬁrepagnetlzat1on film 5 more preferably

comprises a Co alloy containing Cr: 13-28 at%, Pt: 0-15 ats,
X: 0-5 at%, and Co: balance. When the amount of any
component falls outside the above range, noise
characteristics decline or reproduction output decreases,
either of which is unsatisfactory.

The perpendicular magnetization film 5 preferably has a
thickness of 100-1000 A. wWhen the thickness of the

| perpendicular magnetization film 5 is less than 100 A,
insufficient magnetic flux is obtained to thereby reduce
reproduction output.

In contrast, when the thickness of the perpendicular
magnetization film 5 is in excess of 1000 A, the magnetic
particles in the film 5 become coarser and noise
characteristics decline, which is unsatisfactory.

The perpendicular magnetization film 5 more preferably
has a thickness of 200-700 A, for the reasons described below.

When the thickness falls within the above range, reproduction



The thickness of the soft magnetic layer 12 is preferably 50 nm or nbf SEC 2003
(preferably 100 nmor nore, nore prafserably 200 nmor nore). \Wen the

t hi ckness of the soft magnetic layer 12 is below the above range, it

beconmes difficult to formthe |oop- |ike nmagnetization curves. Fig.51is a

di agram showi ng an enbodi nent of the magnetic recording and reproducing

devi ce u5| ﬁa%he magne i

recor di 29 a rE'B?'g, ﬁchﬁt %3?21@\'1%%::(5 o u@rt @Ch{%&%}:ﬁa@o;{%&&r&i g r B um 7
S | 7
| NeRbIebanTBAU bl BreEniey %%oﬁl Ex%coguq.tn? NG MR Wheleby. on

nagnetlc or recor reprodudi ng

head dr|ym@govgeﬁbggelgha§g@t@§9g%qhgg/reprodUC|ng si gnal processing system
11. Recording/reproduci ng signal processing system1l is for processing a

i nputting dat ghengroereitige fSigNd ils0 gieviREDIdRd grevddift ifggnet i ¢ head 9.
Signal processing system11l is also used for processing a signal to be

repr oducedrioetiont bé thgnperpendddul aramdgoettiatatiion £idat &, The magnetic
head 9 conprises a ring-type magnetic head used for a typlcal i n-pl ane
magnet i cPreterctiing fbei garfTne odt dheamegdfiumhd neoy @ingyn damadee whem, at he

| engt h of the gap, and the condition of the recording are determ ned

proper | y! eFGrcéﬁéﬁﬁFé thgemgdiumengnd Be ik igisgedubdricidon desmgieny

t M f bl 0.1
Drer er apflebhEadARg: shenge l“%ﬂe"%&awrlgﬁétt?r?}ﬁltysh@a& HRAEe foRethe
recordlnglgﬁrglogndl§xg@§&%ra Y +Re? g%%%&&a gsinch%dﬁh% "B ﬁt'c recording

nedlunlconpr|5|ng the abOve- describ conmponent's, e non- gnetlc
i nter rredbah?oéhltﬁbﬁ 0€0Rt, aishioNg &r MBEE],| @indPfa RGP UGN @ dnprBVigied.

but the m4 is not a reqU|red conponent of the magnetic recording
medi um o€, t Béopy emerdrdnaenta erimbly ypeineht et duler elements.

The protective film 6 preferably has a thickness of 10-
100 A.

On the surface of the protective film 6, a lubrication
film formed of perfluoropolyether, fluorinated alcohol, or
fluorinated carboxylic acid is preferably provided.

In order to produce the magnetic recordiné medium
comprising the above-described components, firstly, the first
undercoat film 2, the second undercoat film 3, the non-

} magnetic intermediate film 4, and the perpendicular
magnetization film 5 are successively formed on the substrate
1 by means of a technique such as sputtering, vacuum |
deposition, or ion-plating. Subsequently, the protective
film 6 is formed on the film 5 preferably through plasma CVD,
irradiation with an ion-beam, or sputtering.

It is preferable to use sputtering to form the first
underceoat film 2, with a sputtering target made of a material
of B2 structure. The material comprises the above-described

materials.



medi um wi t hout the non-magnetic internediate film4 is shown in Fig. ?'D 6\2003
used herein, the term"predom nantly jgconprising” refers to containin% iﬁ
conposition in an ampunt of nore than 50 at% (Test Exanple 1) The working
mechani sm and effects of the present 0 4 DEC 2003 17 invention will next be
described in nore detail by way of specific exanples. A glass substrate 1

(Chara TS-10SX) .was .set in.the . chanber_aof a magnet.ron sputteri ng
apparatus (no an?%'f(sj".e' ﬁr&dﬂ’c‘im& JﬁﬁELK)%“.‘ %Dg%ﬂg%’get?yv%‘§ %%/a?:ta?ed to 2
x 10-7 P d : S e tQ, :20( equently, on the
substr at gnigﬂat%fb‘flgtl%&%désﬁ%glatajsf \i@rsﬁ%d}%%é%&ai |lﬁlgqﬁa1§}£%'at %\ (Al content:
50 at% N : bala | t b g 5 | . & ef e as

" Ni 50A(I) "), a éslélcgcri% S%gienfég(}g %cld%d?)mgzgﬁ%ﬁnr? ndéﬁ%rﬁgﬁcﬁaﬁi%g {):‘ge

St ruct ur gesarfipednegiponenitat,etiRdifale tf ik it a D ot fHes %
(Co40Cr), and a perpendicul ar magnetization filmb5 containing Co - 22at %Cr

- 12at ¥%PnmateZab¥ af( Be223Eru2Ru2E]) aney & helreaensd v aloefoivedtotdy cugh
sputtering. On the perpendicular magnetization filmb5, a carbon protective
film6 haghageaeshi cltdeos mafy b@ Angreasedrdd thHemigh pi@sme Qdis¢ Test
Examples 2 to 24) The procedure of Test Exanple 1 was repeated, except

t hat t hecharaftgrdsiigst-hi cknesses of the filns were changed . as shown in
Table 1, to thereby prepare respective nagnetjc .recording nedia, The

magnetic recordend SHEQANE D VRIS LI Regly 35 RbR1RED| ect ed
sanpl o EAnEEBNSPAPT Dastre ta raterPRBTEAT. ThRe: RSP SF re o ver e
subj ect el £ @,rFBIS W EBN 1ttt RYPHMR! I FOUA'S Obut the reasons

may be assumed to be as described below.

The perpendicular magnetization film 5 is formed on the
first undercoat film 2 by the mediation of the second
undercoat film 3 and the non-magnetic intermediate film 4,
and the film 5 is grown under the effects of the first
undercoat film 2 having B2 structure.

In the perpendicular magnetization film 5 that is grown
under the effects of the first undercoat film 2 having B2
structure, crystal grains may be pulverized, isolated, and
homogenized.

Thus, coercive force and squareness ratio may be
increased and recording magnetic domains having distinct
boundaries may be formed, to thereby reduce nocise level.

Moreover, by provision of the second undercoat film 3
formed of a material of hcp structure, perpendicular
orientation of the perpendicular magnetization film 5 formed
on the second undercoat film 3 by the mediation of the non-
magnetic intermediate film 4 is enhanced, to thereby improve

noise characteristics and coercive force.



18 0 4 0 E C 2003 characteristics by use of read/wite analyzer RWA16324 Bid2003
spin stand S1701MP ( products of GUZI@% In order to eval uate

el ectromagnetic conversion characteristics, measurenment was performed by

use of a conplex-type thin filmmagnetic recording head containing a

gi ant magnet oresi stance (GVR) device at a reproduction portion, and track
recordi ng denS|ty was set at 250 kFCl. The magnetic head used for

eval uation of e &IFEEt diseQansrisiarad ¢ b @bdiadmeaschfiram empndved i s t hat

vsed Tor RSB Sakchzp %gﬁwgﬁam%ﬁ%%%;ﬂnﬁewgﬁ% e

Lo AR SRR S e UESR T s 1
[ t
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ratio.  Co(0068) ddakienei,y syeResaRivd T iR ety di 1 ract on

correspondi ng to the plane e perpen magneti zation film
5. 0 4 Dift20fddNa®eOr@le @ RaQi®qOnhepOs® rlcture between the second

undercoat film 3 and the perpendicular magnetization film 5,
crystal orientation of the film 5 may be prevented from
becoming disordered during initial growth, providing an
improvement in crystal orientation, to thereby realize an
enhanced coercive force and a reduced noise level.

As shown in Fig.4, it is preferable to form a soft
magnetic layer 12 between the substrate 1 and the first
undercoat film 2.

The material of the soft magnetic layer 12 comprises
amorphous material containing Co (alloys of CoZrNb, CoTaNb,
permalloy, sendust, for example).

The thickness of the soft magnetic layer 12 is
preferably 50 nm or more (preferably 100 nm or more, more

; preferably 200 nm or more).

When the thickness of the soft magnetic layer 12 is
below the above range, it becomes difficult to form the loop-
like magnetization curves.

Fig.5 is a diagram showing an embodiment of the magnetic
recording and reproducing device using the magnetic recording
medium described above.

The magnetic recording and reproducing device comprises
the magnetic recording medium 7 shown in Fig.1, medium

driving device 8 for rotating the medium 7, magnetic head 9
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device 10, and recording/reproducing signal processing system
11.

Recording/reproducing signal processing system 11 is for
processing a inputting data and sending a signal to be
recorded to the magnetic head 9. Signal processing system 11
is also used for processing a signal to be reproduced from
the magnetic head 9, and outputting a data.

The magnetic head 9 comprises a ring-type magnetic head
used for a typical in-plane magnetic recording medium.

The material of the portion of the gap, the length of
the gap, and the condition of the recording are determined
properly.

For example, the gap length of the element of the
recording portion is preferably 0.08 4m or more, preferably
0.1 um or more, more preferably 0.12 u4m or more.

The gap length of the element of the recording portion
is preferably 0.4 um or less.

In the magnetic recording medium comprising the above-
described components, the non-magnetic intermediate film 4
containing a material of hcp structure is provided, but the
film 4 is not a required component of the magnetic recording
medium of the present invention. The magnetic recording
medium without the non-magnetic intermediate film 4 is shown
in Fig. 6. As used herein, the term “predominantly
comprising” refers to containing in a composition in an
amount of more than 50 ats.

(Test Example 1)

The working mechanism and effects of the present
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invention will next be ‘described in more detail by way of

specific examples.

A glass substrate 1 {Ohara TS-10SX) was set in the
chamber of a DC magnetron sputtering apparatus (model 3010:

product of ANELVA).

The chamber was evacuated to 2 x 107 Pa, and the
substrate 1 was heated to 200°C. Subsequently, on the
substrate 1, a first undercoat film 2 containing Ni - 50at$Al
(Al content: 50 at%, Ni: balance, hereinafter Ni - 50at%Al
will be referred to as “Ni50Al1”), a second undercoat film 3
containing Ru and having hcp structure, a non-magnetic
intermediate film 4 containing Co - 40at%Cr (Co40Cr), and a
perpendicular magnetization film 5 containing Co -~ 22at%Cr -
12at$Pt - 2at%Ta (Co22Crl2Pt2Ta) were successively formed
through sputtering.

On the perpendicular magnetization film 5, a carbon
protective film 6 having a thickness of 70 A was formed
through plasma CVD.

(Test Examples 2 to 24)

) The procedure of Test Example 1 was repeated, except
that the materials and thicknesses of the films were changed
as shown in Table 1, to thereby prepare respective magnetic
recording media.

The magnetic recording media prepared in Test Examples
1 to 24 were subjected to measurement of static magnetic
characteristics by use of a vibrating sample magnetometer
(VSM) .

In addition, the magnetic recording media were

subjected to measurement of electromagnetic conversion
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characteristics by use of read/write analyzer RWA1632 and
spin stand S1701MP (products of GUZIK).

In order to evaluate electromagnetic conversion
characteristics, measurement was performed by use of a
complex-type thin film magnetic recording head containing a
giant magnetoresistance (GMR) device at a reproduction
portion, and track recording density was set at 250 kFCI.

The magnetic head used for evaluation of the above
electromagnetic conversion cﬁaracteristics is that used for a
typical in-plane magnetic recording medium. Meanwhile, the
results of X-ray diffraction show that in all test examples
the first undercoat film 2 has a B2 structure.

Table 1 shows the results of measurement of the
magnetic recording media prepared in Test Examples 1 to 24 in
terms of static magnetic characteristics and electromagnetic
conversion characteristics.

In Table 1, Mr/Ms represents the squareness ratio.
Co(0002) intensity represents the intensity of X-ray
diffraction corresponding to the plane (0002) of the

| perpendicular magnetization film 5.
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media comprising the first undercoat film 2 have excellent
noise characteristics (SNR) and coercive force (Hc), as

compared with a magnetic recording medium which does not

comprise the film 2 (Test Example 2).
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perpendicularly with respect to the substrate, and the first
undercoat film contains a material of B2 structure.

2. A magnetic recording medium according to claim 1, wherein
the first undercoat film contains a material predominantly
comprising one or more alloys selected from among NiAl, Feal,
CoFe, CoZr, NiTi, AlCo, and AlMn.

3. A magnetic recording medium according to claim 1 or 2,
wherein the second undercoat film contains a material of hcp
structure.

4. A magnetic recording medium according to any one of
claims 1 through 3, wherein the second undercoat film
contains a material predominantly comprising one or more
elements selected from among Ti, Zr, Ru, Re, Y, Gd, and Tb.
5. A magnetic recording medium according to any one of
claims 1 through 4, wherein the perpendicular magnetization
film comprises any alloy selected from among Co/Cr/Pt,
Co/Cr/Ta, and Co/Cr/Pt/X (X: one or more species selected
from among Ta, Zr, Nb, Cu, Re, Ni, and B).

6. A magnetic recording medium according to any one of
claims 1 through 5, wherein a non-magnetic intermediate film

of hcp structure is provided between the second undercoat
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t he subs&lgaﬁg and _the f.irst dercoat film contail pls a material of B2

struct uriad tic recording medium, and a magnetic head for recording
and reproducing information, wherein said magnetic recording
medium comprises a substrate, a first undercoat film and a
second undercoat film formed thereon, and a perpendicular
magnetization film formed on the second undercoat film,
wherein easy magnetization axes in the perpendicular
magnetization film are oriented primarily perpendicularly

with respect to the substrate, and the first undercoat film

contains a material of B2 structure.



