; 5678@3eoho” " at dp| d: héphTht Magnet i ¢ Recordi ng Medi um Techni cal field of

the inventi nt invention relates in general to a W“W““L
recordi ng S\MS\-“WWWM in particular to a magnetic record“mmm ed
in a hard d rive (HDD) and the |ike nounted on equi pment such;ass

per sonal corrput"@?ogm( PCs), network term nal devices, or audio visual (AV)
appar at uses. Background of the invention A conventional nmagnetic recording
medi um used | Magndbiz BecordangdViKdiennpri ses an underl ayer 2, an
internediate |ayer 3, a magnetic layer 4, and a protective |layer 5
sequentially formed on a substrate 1 of alum numor glass, as illustrated
in Fig. 7. Information is recorded in the magnetic |layer 4 as a nagneti zed

et um i o ShepRe LRI AE i REBOR D on 0f the recoraing bit is

hori zontal diggction (or .in-plane direction) in relation to the substrate
surface is cahﬁ&ipé'eﬁéﬂtzlmtl?ﬂrml@ﬁgﬁtlncgmﬂr t@@m%&aytwﬁh@g
medium A medi umin which the magnetization direction of the recording bit
i s verbi cahedsunnlaretin particuldr tora peagneticcrecondinge medngmmasediim a |
media put to practical use to date are of horizontal recording system

However, therdrddse detve <HDDY andethidilile syotatedren a¢uiyehenkeivth asudi ed

in recent years. 1 A magnetic layer 4 of a magnetic recording nediumis
general ly W i i i I - e | ich
Pine. or ys EEeorEd bt RE OS] helBrk tetming! Sy IS dr SYRHG istal”
structure(gﬁgfach c;&alt crystallite is the hexagonal closest packed (hcp)
5 structur appa &§ﬁ§r crystal system To record information by

magneti zing the magnetic layer 4 with this structure in the horizontal
(in-plane) direction in relation to the surface of the substrate 1, the
polycrystal line magnetic filmof cobalt system nust be forned so that the
axi s b0 eddgckgpoandzef the,inoreatiionout of the a 10 axis and the c-axis
shown in Fig. 8, orients with preference in the horizontal (in-plane)

direction in relahvdhtienhlenaulidtidrecdrdiny teQiRADsed Bt AreEPDD) BY a

medi um the cobalt c-axis nust be predomnantly oriented in the direction

vertical tpcthe $ihsis %g{euh@%ﬁa?%?'%gﬁiﬁﬁ?r%@d&ties a§f‘e§'§3eﬂ HgRaed Lo

achi eve hi'gh recordi ng densi e Ccrys rarni esired
to be isolated and separated, each ot her so that netic,interagtion
bot ween' ¢ HBYETyLr anagh Hateptoriar S QusmBallR EPEie ofo R ibatiAte 4 ni v
filmof a CoQr system has_been used for the magnetic |ayer 4. This cobalt
al oy 20 cfralumingmen glass,asillustvatednindpig. al.ednformationds recorded
ferromagneti c phase and a chromiumrich nonmagneti c phase by phase
separ dbi orin flve mhgowticiayeh 4as rwgmaghetizzmbﬁewfd:ﬁmg bipoecihe mahgnetid he
grain boundary. Thus, the cobalt-rich ferromagnetic crystal grains are made
mnute, angdordinkaheitim. OfSeRH eESr@RE n%é AR, a medium in which a
direction of magnetization of the recording bit is horizontal direction
(or in-plane direction) in relation to the substrate surface is called a
horizontal (or longitudinal or in-plane) recording medium. A medium
20 in which the magnetization direction of the recording bit is vertical is
called a vertical (or perpendicular) recording medium. All media put
to practical use to date are of horizontal recording system. However,
the media of vertical recording system are actively being studied in

recent years.



In order to achieve mnimzation and separation of crystal grains and, at
the sanme tine, to acconplish the predom nant c-axis 5 alignnent in the
hérizontal (in-plane) direction, conventionally enpl oyed practical

t echnol ogj es have formed an underl ayer of a polycrystalline thin film nade
of chrom umor chromumalloy on a substrate of alum numor glass and a
magnetic | ayer of CoCr systemon this underlayer. 10 There are two reasons

why chrom um oX mbgesticiayéPy 6£a RRAMeReddcording medEum)is gemdFAly

of
the two is as described bel ow. The magnetic layer 47is a material of a CoCr
system an } i I S 1404 £ t he
12 cobal t coriposEBNE 4 BAIVEEy BESRID I ANASGLBORAIELE Setn St WRRAAAY.
t he underl ayer 2.ai ds,to, mni m ze and,separat.e the crystallin raing in
the mgneityotallifes,of sPhask ate HrdRed TED Sillg Trpdndd sramtal shritture
nonmagneti c, phase in_the rraaglﬁeti c layer 4. Second reason js b@{:a se the
chr om um iof eaeh cobalt sypstabiteats thedrexagonal glegrst packed GI§n a c-axis
of the cobalt crystal of the magnetic layer 4 in a horizontal (or in-plane)

di rect on.stFbicsueé fofed hvxisgonal erygiuddsy stietrh ¢ €T ontecbirdd iforiigtion byi um

with the CoCr alloy crystal although the crystal structure of chromumis a

Dody: cent ez HE mdERotiuIBgRel SnGIOTER SAUBE T ThEl system 3

Such a nagn c recordi ng m i s*produce y sequenti al ormng a
chrom um I . a_GoCr ] nmagnet | e d b rotective

| ayer on ﬁ@?%ﬁléﬁ&ﬁ%ﬁeﬁﬁﬁrgﬁﬁla‘?éﬁe‘lﬂﬁk%m@%p?@ﬁ% §€tﬁ§ans of a
sputtering nethod. neti c recatdi ng 5 medi ug usi ng ass, substrate is
simlarly ﬁﬂ%@gﬁ ﬁy&%@fﬁﬁpmﬂéﬁmﬁ AGNELIG n!;@ﬁ@‘)l?%ﬂgrsy steBhUBtm
under | ayer, a CoCr_nmagnetic |ayer, and a protective |ayer on a gl ass

subst r at e by foroed so thatpthe exispfheaspmaghebization, icoakis suitvafdthe ar he
invention However, in a conventional magnetic recording mediumusing a CoCr
magnelQc |ayier and the eraxis showm aeFig.a8dopietithswith prefepbnoe inngley

gl ass, the substrate needs to be heated up to a tenperature between about

200C and 3998 - i froR¥EE 1A5rd i t hod.
Wihout t ReSA0EEaL L (TRES die Bl LR IRCIN PRI pRbSEHLET, T Pt 10

achi evi ng hj rgeording density canno at tyained. A neth for formng a
magnet | ¢ 1 Bg e i IAr R R e nf B, RRSHRANE axi THRDS of at Pvel y

hi gh concentratiqon of _platinum.in the range from5 to 10 %w th respect to
cobal t at dEedemapsntlyarienteddnchae imgﬁaqmvew@a?t sui)@tﬁagen tic

| ayer containing relatively high concentration of platinumis used,

however, high coercive force cannot be attained w thout substrate heating
when a chrom um

15 Each crystal grain is desired minimized to achieve high recording

density. In addition, the crystal grain is desired to be isolated and
separated each other so that magnetic interaction between the crystal
grains is decreased. Consequently, polycrystalline thin film of a CoCr
system has been used for the magnetic layer 4. This cobalt alloy

20 containing 10 to 20 % of chromium separates into a cobalt-rich
ferromagnetic phase and a chromium-rich nonmagnetic phase by
phase separation. The chromium-rich nonmagnetic phase tends to
precipitate at the grain boundary. Thus, the cobalt-rich

ferromagnetic crystal grains are made minute, and isolated and



4 under | ayer is used. The reason may be supposed as follows. |If substrate
heating is not executed, phase separation of the CoCr alloy into a

cobal t-rich phase and a chronmiumrich phase does not enough progress,
resulting, in insufficient isolation of cobalt crystalline grains. 5

Predom nant in-plane alignment of the c-axis of the cobalt crystals is al so
i nsufficient. Because a plastic substrate cannot all ow substrate heating in
a deposi t iggpha¥gtecbeach dBiieti ¢ recordi ng nedi um that copes with 10 high
recordi ng dénsity cannot be manufactured. A magnetic recordi ng nmedi um usi ng
an alum num substrate or a glass substrate also involves a problemthat the
i nevitabl e substrate heating in sputtering steps needs additional cost. 15
The present invention has ,been made in vi.ew of ,t hese probl and,an obj ect
of the invent il8hOFdeT foachieye mupimmationand fenatation g 'er@;cgé'lallgt
magnetic property_w thout substrate heating in sputtering steps. 20 Means
to sol ve tardpabivhesame timentoracesmplish tbeapredominandnciasie made
extensive studies and found that a magnetic recordi ng nediumusing a
plasti suiis'%nntentén tiee biorizentaWirhplans)directionheahiventionablt t eri ng
steps and exhi bits an excellent magnetic property when the magnetic 5

recording é@?lﬁﬁ?@fﬁgﬁtﬁ@él ﬁeéﬁhBTéﬁ]e% Hﬁ%[)fo%h@@daih ‘iﬁi’&édﬂ%%’r gf hh a bec

structure, ate layer w an hcp structure and a“nagnetic | ayer
with an hc r d.r ect ] cina.Qf (11 . ) nd_(002)
| attice pIIg?&é”&ét#@i@%?%&ﬁf@s%ﬁéP?‘F@}reqlglﬁgl %ﬁrsﬁ%qorgéﬁgééllﬁgng
spaci ngs of Jlattice planes bein Lthin 10 % Specjfically, netjc
recor di ng SHeP rﬂ@c‘éﬁ@ﬁ?%fk%nt(%%\gé%%@ﬂ ianmé)m%wcclmﬁ %@Oﬁgg}%hl& e,
an under| ayer with a body centered cubic crystal structure formed on the
subst r at e,0athis umderlastéirat ed | ayer with a hexagonal closest packed
crystal structure fornmed on the underlayer, a magnetic |ayer conposed

princiifally of cobalt with the hexagonal closest packed structure forned on
the internediate | ayer, and a protective |ayer forned on the nagnetic | ayer

and a relati onPHbpd 23t Wo FSasdhs Wh¥ chroMid AR o ChRFEWIESH alloy has

been used for the underlayer. First of the two is as described below.
The magnetic layer 4 is a material of a CoCr system and the
chromium-rich nonmagnetic phase precipitates surrounding the

15 cobalt-rich ferromagnetic crystalline grains. Consequently,
chromium of the underlayer 2 aids to minimize and separate the
crystalline grains in the magnetic layer by promoting precipitation of
the chromium-rich nonmagnetic phase in the magnetic layer 4.
Second reason is because the chromium in the underlayer has an

20 effect to predominantly align a c-axis of the cobalt crystal of the
magnetic layer 4 in a horizontal (or in-plane) direction. This effect
arises from good lattice matching of the chromium with the CoCr
alloy crystal although the crystal structure of chromium is a body

centered cubic (bce) structure belonging to a cubic crystal system.



15 (110) planes of the underlayer d2 is a spacing between (002) planes of
the internediate |ayer and d3 is a spacing between (002) planes in the
magneti c | ayer. Advantageously, a relation 0.0 < (dl - d2) / dl < 0.1

hol ds. 20, Advant ageously, a relation 0.0 < (d2 - d3) / d2 < 0.1 holds.
Advant ageously, relations 0.0<(dl -d2)/dl<0.1 andO. 0<(d2-d3)/d2<0.1

si mul t aneously hold. 6 Advant ageously, a material of the magnetic |ayer

contains a “Or%ﬁ&@/l h%'ﬁf‘d"i*e&ﬁrtfir%ﬁ'i@&ﬁh#i fe}@%&%@ﬂ lbg s%éﬁ.[t%’l%ll'go

fromb5 toI 20f respect to t ent cobal t ant ageousl vy,
0

50 a ecry!,‘v'tto%mt;%&"?ﬂtﬁﬁema%ﬁdsfquh%‘r‘,ﬂi629@ 3% 8 a@g%t&"@éi’%?naﬁéal '

of the magnetic |ayer co ins a 10 taII| el enent o nrret

conpound |%1§J%W&t9¢m aﬁl’t@n@(ﬁﬁﬁ ShAPE R uéayeumts&l E@ the

cobalt and platinumin a proportion of 10 to 50 at % w th respect tothe
content ofNiReplatingt by Adeansagfasgpyttering methoedi At maggetic secording
principally conposed 15 of Ru, Re, Gs, or Tc. Advantageously, the

i nter ngdi afpedigBrusihghl @Fdd%aéubsﬁﬁﬁéofsegnﬁﬁle&q | Pt s @by seqaemtwlfly
selected from Rh3W N 3Sn; N 3Zr, and Co3W 20 Advant ageously, the

under | ayerg dﬁngﬂ% g’bc | \l dedd TRPSF daocfhlgﬁgrlﬂgn Wn@&r¥yer) A EYCH BRSNS iA

magnet i c recor fumo € 1 nven

layer, and a protective layer on a glass substrate by means of a

sputtering method.

10 Problem to be solved by the invention
However, in a conventional magnetic recording medium using a
CoCr magnetic layer, a chromium underlayer, and a substrate of
aluminum or glass, the substrate needs to be heated up to a
temperature between about 200°C and 300°C when the magnetic layer
15 is formed by a sputtering method. Without the substrate heating, a
high coercive force He required for achieving high recording density

cannot be attained.

A method for forming a magnetic layer with high coercive force is
20 known, in which relatively high concentration of platinum in the
range from 5 to 10 % with respect to cobalt atoms is contained in the
CoCr magnetic layer. Even if a magnetic layer containing relatively
high concentration of platinum is used, however, high coercive force

cannot be attained without substrate heating when a chromium



further conprises a seed | ayer conposed of an internetallic conpound with a
conposition of CoTi, CoZr CuZr, FeTi, or N Ti Advantageously, a direction
of magnetization for recording 5 information in the magnetic layer is
horizontal in . relation to the substrate. Advantageously, at |east one of

t he underl ayer, the internedi ate | ayer, the magnetic |ayer, and the
protective layer is fornmed by nmeans 10 of a sputtering nethod.

Advant agecssiirldyébie et Thd BeashrSHaAY B diphBsédeyd Aliewl oI 5 Lo 20

nm 15 Advant ageously, a thickness of the~inter late layer 1s in the

' the. iin@g@%ﬁéﬁq%ﬂ%‘ﬂ%i’ ‘i‘%&ﬁ%o@’i%‘v%%@gé@é%Fﬁ#&lﬁﬁ&ﬂ@%‘?%@F P

consi sts af I rst |nte di at e er.with a hexag st al struct
formed on 0 tisebalkguchpanse sadfachrourvda el Phase d6eh Deticnagshar
crystal structure forrred between the first internediate Iayer and the 8
magneti ¢ |pEegressmdesulting innnsuificientdsolatidn, ofwebaltoarystadlineagrains.
bet ween (002) planes of the first internediate |ayer and d5 is a spacing

bet wvee (PZeédoheiteendintplarfe atigantont 6f thdi@bkié afehe dolvalt egpstals is

t he underl ayer consists of a first underlayer with a body centered cubic

crystal stipef iiSuffesiged on the substrate

Because a plastic substrate cannot allow substrate heating in a
deposition process, a magnetic recording medium that copes with
10 high recording density cannot be manufactured. A magnetic
recording medium using an aluminum substrate or a glass substrate
also involves a problem that the inevitable substrate heating in

sputtering steps needs additional cost.

15 The present invention has been made in view of these problems
and an object of the invention is to provide a magnetic recording
medium with excellent magnetic property without substrate heating

in sputtering steps.

20 Means to solve the problem
The inventors of the present invention have made extensive
studies and found that a magnetic recording medium using a plastic
substrate can be produced without substrate heating in sputtering

steps and exhibits an excellent magnetic property when the magnetic



and a,second underlayer wwth a body centered cubic crystal structure 10
formed between the first underlayer and the internediate |ayer, and a
relation d6>d7>d2 hol ds, where d6 is a spaci ng between (110) planes in the
first underlayer and d7 is a spacing between (110) planes in the second 15
under| ayer. Advantageously, a relation 0.02 <_(dl-d2) / di1 further holds.
20 Advant ageously, a relation 0.02 < (d2-d3) / d2 further holds. 9

Advant age : ' < z dz2
il t aneayofdibg AidAiin hAE Shabte siflotui cathilstity n WiiicHayer
schematic crgss sectional view of ;a nmagneti c,recordi diumof first
aspect of WHILE BERStEiBtme gnon BrBRa e A Bt i B ettt hnd,
chart show ng definiiions of .spacj ngs of lattice planes perpendicula; to
the subst ratBaghetie lagoswitdy an hepsérustuseonndnrespertave paqing obspect
of enbodi nent according to the present invention. Figure 3 is an

i 11ustrati@l®hevd0d),ahd@Ddatyice planes yetcabassstomatds epper layers,

5 misfit between the spacings of lattice planes being within 10 %.

Specifically, a magnetic recording medium according to the
present invention comprises a substrate, an underlayer with a body
centered cubic crystal structure formed on the substrate, an

10 intermediated layer with a hexagonal closest packed crystal structure
formed on the underlayer, a magnetic layer composed principally of
cobalt with the hexagonal closest packed structure formed on the
intermediate layer, and a protective layer formed on the magnetic
layer; and a relation d1>d2>d3 holds, where d1 is a spacing between

15 (110) planes of the underlayer; d2 is a spacing between (002) planes of
the intermediate layer; and d3 is a spacing between (002) planes in
the magnetic layer.

Advantageously, a relation 0.0 < (d1 - d2) / d1 < 0.1 holds.
20 Advantageously, a relation 0.0 < (d2 - d3) / d2 < 0.1 holds.
Advantageously, relations

0.0<(d1-d2/d1<0.1and 0.0<(d2-d3)/d2<0.1

simultaneously hold.



Figure 4 is a chart show ng definitions of lattice constants in the |ayers
of a magnetic recording nediumof first aspect of enbodi nent according to
the present invention. Figure 5 is a chart showi ng relations between the
spacings of 20 lattice planes and the lattice constants in the layers of a
magneti c recordi ng nmedi um of first aspect of enbodi nent according to the
present invention. Figure 6 is a schematic cross sectional view of a

magneti ¢ recorgliognia , B8Rt rasP6Ff thel meipinckiean! ei‘?‘(ﬁﬁ{tl(ﬂiﬁ_g 40 the

1g _present i nvent i ogi.e%g gure 7 is a schemat | C Cross sd_ctl onal view

8 is an ?L#@ﬁ%ﬁ%“i&%"%ﬁ?ﬁ?ﬁﬁé‘@ﬂééﬁﬁlﬁﬂ%ﬂ%@ﬁ%@\iﬁ@Qba%l rt%oﬁofﬂ&cngrfgbﬁ*” ’
AS . . . No :

o the. pr C A MIGhYS SRR FPSPRCIER cPrbEatiot tag SPPalh the ol I ow ng w th
reference to acconpanying 10 drawi ngs. First aspect of enbodinment Fig. 1 is

a cross sectional view showing a construction of a magnetic recording
medi um of first aspect of enbodi ment of the 15 invention. A magnetic

recordgng nedi Agvanthipeoiisl§! adfneeirigPePthech srnetiddalydyretorifidngf a

nonmagnetic filmw th a body centered cubic (bcc) crystal structure forned

on a subst 3 I f d i i yer
103 of a r%%ﬁglaﬁe ilg%iéin@mdﬁ&g (ﬁgggé:égé? %ﬁg@; 1slpac eé}[t%ﬁghgél%k) gl
structure. On tﬂe EO intermedi ate layer 103 fornmed is a magnetic | ayer 104
for recor a‘i}?{"gcp 131) ‘'mation of a magnetic filmprincipally conposed of cobalt
and havi ng a hexagonal closest packed crystal structure, wherein a
direction of magnetization is horizontal in relation to the substrate 101.
Here, “principally conposed of cobalt' neans "containing cobalt 11 in a
proportion of Advantageocatsly; ssmatierial oHthiehm agnetici layleayeontizihs ar med i s
a protective layer 105 for protecting the magnetic |ayer and a nmagnetic
head. 10 nonmetallic element or a nonmetallic compound in a proportion of 5

to 20 mol % with respect to a content of the cobalt and platinum in a

proportion of 10 to 50 at % with respect to the content of the cobalt.

Advantageously, the intermediate layer is principally composed

15 of Ru, Re, Os, or Tec.

Advantageously, the intermediate layer is principally composed
of an intermetallic compound selected from RhsW, NisSn, NisZr, and
CosW.

20
Advantageously, the underlayer is principally composed of Ta,

Nb, W, or Mo.

Advantageously, a magnetic recording medium of the invention



5 Fig. 2 shows definitions of spacings dl, d2, and d3 of lattice planes
vertical to the substrate in the layers of a magnetic recordi ng nmedi um of
this aspect of enbodinent. dl is defined as a spaci ng between (110) pl anes
in the underlayer 102; d2 is defined as a spacing between (002) planes in
the internediate | ayer 103 and d3 is defined 10 as a spaci ng between (002)
pl anes in the magnetic |ayer 104. The materials used for the underl ayer

O o BEPHEFSCAREF LU A 806, OMEBIBN bt I

follow ng relati ween crysta I ce pl anes

t hereof di1>d2>d3. {(1)..15 Msfit Ol of h:N f e . a { ween
the under /GRIBPORRS Mrigh aGothbaelieRefiCR Cogh, ClZe, oM BN e

pl anes between the internediate |ayer and the magnetic | ayer are defined by
OL = (dl - d2) / dl1 and 20 02 = (d2 - d3) / d2. Then, the follow ng

rel ati ons simultaneously hold. 0.0<01<0.1 and 0.0<02<0.1 (2) Each of the
spaci ngs of | Advaatppeoesly) a diectiuh of mhgrediiationufoleréeyding)?2, the

internedi ate | ayer 103, and the magnetic |ayer 104, respectively, has the

fol I owgng jibaf o fri‘th@_eml:ﬁéﬁéﬁ@ lﬁyéiti@?ﬁoﬁczo?ﬁ:@fl 8 veladioh abitlee. S
There exists only one lattice constan a' in a bcc structure as shown in
Fig. 3. Pr%%tgl be a lattice constant in the underlayer 102 as shown in
Fig. 4, the spacing dl between (110) planes is dl = al / .~2. 10 There
exist two lattice constants "a" and ¢’ as shown in Fig. 8 in the
internedi ate | ayer 103 and in the magnetic |ayer 104, both of which have
hcp structure. Let a2 and c2 be lattice cgnstants in the internediate | ayer
103, and a3 arddvantagesuslye atdeastome ph thecundgriayer, theintermegiateown
in Fig. 4. Then, the spacing d2 of

layer, the magnetic layer, and the protective layer is formed by means

10 of a sputtering method.

Advantageously, a thickness of the underlayer is in the range

from 5 to 20 nm.

15 Advantageously, a thickness of the intermediate layer is in the

range from 5 to 50 nm.

Advantageously, a thickness of the magnetic layer is in the range
from 5 to 20 nm.
20
Advantageously, the intermediate layer consists of a first
intermediate layer with a hexagonal crystal structure formed on the
underlayer and a second intermediate layer with a hexagonal crystal

structure formed between the first intermediate layer and the



15 lattice planes in the internediate | ayer 103 and the spacing d3 of

| attice planes in the magnetic |ayer 104 are given by d2 = c2 / 2, and d3 =
c3 / 2, respectively. Fig. 5 sunmmarizes the rel ations between the spacings
of lattice planes and the lattice constants. 20 Using these rel ations, the
equations (1) and (2) can be transfornmed to the foll ow ng equations:
al/.,r2>c2/2>c3/2 (3) 13 0. 0<Dl=(al/.,r2-c2/2)/all,/-2<0.1 and

0-0<02:(C%h@%%ﬁﬁﬁEQa%ef4hnﬁpaﬁﬁﬂﬁﬁhnYEthOd for manufacturing a magnetic
Iu

recording 5 mof this aspect of enbodi nent will be described bel ow.
When an under | r ¢ Lh body centered cubic structure is forned on a
substrate 101‘%g§hdég%§$%%iﬁ§ nmet hod, for exanple, each crystal grain

general ly gro in the direction where the ¢r al. pl ane f (100), (110),
(111) . or holds, whepadd isa SBACHRE Nsisveen J00R) mlanes ot Eﬁﬁdgﬁtystal i ne
grain with a body centered cubic structure, any growh type based on the

above nentinteemedistedlaysmaes d5sisaa Epaingrystween ©02) plahes of thet i on

vertical to the substrate surface. On the underlayer 102, forned is an

i nter ngdi adeedrity ehtdRclihbe daferagonal closest packed structure having a
spaci ng d2 between (002) planeS 15 vertical to the substrate surface by a

sputtering nethod, for exanple, d2 being smaller than the spacing dl. There
hol ds the following relation between the spacing dl1 of lattice planes in

t he underl ayer, 102 and t he,spagin 2 of lattice 20 planes in 4h
ntermed ar s 1AJUAntageofslE” B Mnflerve conatetsiga it uhdetiaven, |,
the internediate | ayer) where dgh k 1) is a spacing of lattice plﬁges

r epr esent W18y agbafy) cantaenesk cubig crystalbistrugtymesiormadion tihe: suhstiatee
| ayer with a hexagonal cl osest packed structure generally include (101)

pl anes whiahdrmsecendpanideglafet avitica lpdyeentezetycuoicatrystal stroptareg

d2 of (002) planes. The (002) planes, being perpendicular to the c-axis,
are i moor tiy¥mé@'between the first underlayer and the intermediate layer, and
a relation
dé >d7 > d2
holds, where d6 is a spacing between (110) planes in the first

underlayer and d7 is a spacing between (110) planes in the second

15 underlayer.

Advantageously, a relation
0.02 < (d1-d2) / d1
further holds.
20
Advantageously, a relation
0.02 < (d2-d3) / d2
further holds.



5 controlling the direction of the c-axis. On the other hand, because the
(101) planes are in an acute angle with the c-axis, growh of the (101)

pl anes disturbs controlling c-axis orientation. The spacing of (101)

| attice planes is smaller than the spacing d2 of (002) planes in a crystal
wi th a hexagonal closest packed structure: 10 d2 = (d(002) in the
internediate layer) > (d(101) in the internediate |layer) A spacing d(h k 1)

of lattice pl gg§antadederstopalationgt al systemis represented in terns of
the lattice constantsga angﬁ’c %y: 15 1/d(hkl ) 2=4(h2+hk+k2)/3a2+12/c2. In a

hexagonal clo edostyr [ .63. Fromthe above
equati on and ts(ﬁg)tz\/%e(gé @?Z’ﬁ%@foﬁgaﬁ g@?m{; is deduced: d(101) < c/2 =
d(002). 20 .Consequently,,a,lattice matching rel ation between the underl ayer
102 and th%lmﬂf@%%%l ehpli‘érer 103 can be represented by: (d(110) of the
underl ayer) - (d(002) of the internediate layer) < (d(110) of the

underl ayer) - (d(101) of the internediate |ayer) That is, 15 dl - d2 < dl
- (d(101) of the internmediate layer). Therefore, lattice matching with

respech t B dddévippiomes drawiwgsrystalline grain of the underlayer 102,
the (110) plane being vertical to %he substrate surface, is worse for the

(101) planes in the 5 internediate |layer than for the (002) planes in the
internediate layer. As a result, ininitial growh of the crystalline
grains in the pnternedi ate hayer 103, the (p02) ;pl.anes show nore.tendency
Phan the (100 BERT Ch Selbats sy SebhotaliaRRe of 1 BieEBetid,
continuation with the (110) ane of the underlgyer 102. In,other 10 words,
the cryst arecardingem izl et pspect tfemiadiment gcsardinge: thee
c-axis predom nantly aligns parallel to the substrate surface. Further, in
t he rel at i pregetitiimyentiarhe underl ayer) > (d(002) in the internediate

| ayer), the msfit 01 of spacings of lattice planes between the two | ayers

2,578, P e hrahe AR atintons Hspaing o i
planes perpendicular to the substrate in the layers of a magnetic
recording medium of first aspect of embodiment according to the
present invention.

Figure 3 is an illustration showing schematically a bcc crystal

15 structure.

Figure 4 is a chart showing definitions of lattice constants in the
layers of a magnetic recording medium of first aspect of embodiment
according to the present invention.

Figure 5 is a chart showing relations between the spacings of

20 lattice planes and the lattice constants in the layers of a magnetic
recording medium of first aspect of embodiment according to the
present invention.

Figure 6 is a schematic cross sectional view of a magnetic

recording medium of second aspect of embodiment according to the

10



in the internediate | ayer 103 can be considered to growto a certain size
wth the c-axis predom nantly aligning horizontal. 20 A nmagnetic |ayer 104
is formed on such an intermediate |layer 103 that is grown with the
alignment,in which the c-axis is parallel to the substrate surface, as
descri bed above. The crystals of the magnetic |ayer 104 with a hexagonal

cl osest packed structure have a 16 spacing d3 of lattice planes in the
c-axis di rgrddeit fiéheiori.han the spacing d2 of lattice planes in the
internedi ate layer 103 and a msfit with the internmediate |ayer smaller
than 10 % Theg; = {d ' ' L afi&,d . 3 = (d(002)
I n the magnet ﬁ?lglgéee?)f.s é%%%%el#%giﬁgﬁél% Ségﬁg);garle‘i]@? %’? 082%% ed of
crystals of cgbalt.systemw th g.hexagonal closest packed structure, d2 =
(d(002) i COMRLTMEIIRN Of 4 S0BVETTiPRAL BAnenetie Eorartme Medyary. 10
Consequently, a lattice matching relation between the internediate |ayer
and the magnetkigurg &isian idhistratiensdwowieg sohematioed]y ian hiep crystal
intermediate layer) - (d(002) in the nmagnetic layer) < (d(002) in the

i nt er medi agteuctyee) - (d(101) in the nagnetic layer). That is, 15 d2 - d3 <
d2 - (d(101) in the magnetic layer). Therefore, lattice matching with
respect to the (002) planes in the internediate |ayer 103, which is
vertical to the substrate surface, is superior for the (002) planes in the

o Tosul . ool PR dimedEsiof e SRR INGIRIOE  endency of the
(002) pl anes ther eof verticg[@lntlggahe subst{,a.he surface, |In other ,ﬁ)égs, t he

crystals in thdOVgAsPeets a 1INARtST YhegRresent; yenHon v

predom nantly aligns parallel to the substrate surface. )
described in detail in the following with reference to accompanying

10 drawings.

First aspect of embodiment
Fig. 1 is a cross sectional view showing a construction of a

magnetic recording medium of first aspect of embodiment of the

15 invention. A magnetic recording medium of the first aspect comprises
an underlayer 102 of a nonmagnetic film with a body centered cubic
(bce) crystal structure formed on a substrate 101. On the underlayer
102 formed is an intermediate layer 103 of a nonmagnetic film with a
hexagonal closest packed (hcp) crystal structure. On the

20 intermediate layer 103 formed is a magnetic layer 104 for recording
information of a magnetic film principally composed of cobalt and
having a hexagonal closest packed crystal structure, wherein a
direction of magnetization is horizontal in relation to the substrate

101. Here, ‘principally composed of cobalt’ means ‘containing cobalt

11



17 Further, in the relation (d(002) of the internediate |ayer) > (d(002)
in the magnetic layer), the msfit 02 of spacings of lattice planes between
the two |ayers satisfies the relation 5 0.0<02=(d2-d3)/d2<0.1, that is, the
lattice msfit. is less than 10 % Accordingly, the crystals in the magnetic
| ayer 104 can be considered to growto a certain size with the c-axis
predom nantly aligning horizontal. 10 Thus, the c-axis in the internediate

| 103 ; i | gzt kAt h
ayer es sq}gﬁ)?rylgfg{m;@e%@%é about B0 apbstr @ﬁ.tﬁ%?ﬁﬁ%neﬁ@%@t_@& e

i nfluence of iate layer 103, the c-axis in the magn

| ayer 104 al.i I t [ t in
tho 1 nt er nit SPEPRAPE) b BRERRY e T8YER TS S PRTHE EhE b aRts 1a5er
stronger in the upper /|ayer as in the order of the underlayer 102, the

i nt er nedi #1 ﬁhﬁ@ggP@§¥3ﬁﬁ&d§he magnetic |ayer 104, the c-axis of the
crystalline grains in the magnetic layer 104 in such lattice configuration

can be expected to predomnantly align parallel to the substrate surface
even if substrate heating is omtted in the film20 form ng process. Anmong

the unger| ayerFid2 shivdws definitibas of Spyesink3d 1249, tdyed ddIpelasticayer 104,

the following relation exists: spacing dl between (110) planes in the

. cpaci ng RS TSRERANIS, i SEIREle JHURIAPERs of o Bfag el diding LS

msfit of spagings of lattice ane t _the interfacg between the.l ayers
oxi sts | n Seaipof this apch B Shthadimiele. d1cis 36nad 452 sbAcing

hori zontal directipon of fhe internmedi afe_ | ayer, 103 tends {o he nearly in
the same @Qiaﬂ@ens@ah@epiamwnﬁ&te ynderdaygaeck02yd?2 lﬁc&f&m 3% AgPPARINg ze
in the horizontal direction of the magnetic layer 104 tends to be nearly in
the sane shetweens(@02)eplanes inttite mhtermedinte tageat 03agnd dBis defined
result, mnimzation of 10 the crystalline grains in the nmagnetic |ayer 104

can bgQachiewespaBhsabetwden <002) Pladled i theemdgnésicilayes 1PLeThayer is

smal l er than that of the corresponding spacing of a | ower”layer, the

i nt er medi | i i r . gr oy undary
t han the 31&1%%9 ?g%raggg,ﬁgngﬁ%dr%% ti Cf@gygpgjﬁtgkﬁ@a%eﬁ (?&%ﬁ%pgte a
gap at the_gnrai,n boundar han Z%%'n reedhate l.ayer .103. Theref or

i hi i zat | SHAe PRBEREH ater 10 bl R iliGwy Bkaralation, betite ca thee
achi eved wi thout substrate heating in the filmformng process. In order to
pronot e t SRaeagrEheyweaen crysm weaplanes theneedse nisfit of spacings
of lattice planes between the |ayers as |ong as predom nant alignnent of
the c-axis in dbe A bzdBt.al direction is suffici €éh)ly attained. Although
such materials are selected in manufacturing a 19 conventional magnetic

recordgigng nediumthat the msfit between the layers is mninum the msfit
bet ween each pair of layers in the present invention is confined in the

i ted range {AHE P §5GIgYbr TRANEL \RaREY BEERRES the WRALIGYE - the
and the intermediate and misfit A2 of spacings of lattice planes
between the intermediate layer and the magnetic layer are defined by

Al =1(d1-d2)/dl and
20 A2 =(d2 - d3) / d2.

Then, the following relations simultaneously hold.

0.0<A1<0.1 and 0.0<A2<0.1 (2)
Each of the spacings of lattice planes d1, d2, and d3 of the

12



50.02 < (dl - d2) / dl and 0.02 <_ (d2 - d3) / d2 are outstanding
features of the present invention. Because m nim zation and isol ation of
the crystalline grains are 10 easily attained in the nmagnetic |ayer 104 of
the invention, an elenent or a conpound that is likely to precipitate at
the grain boundary is pronpted to precipitate honbgeneously at the grain
boundary of the cobalt crystal in the magnetic |ayer 104. Consequently,

excel | ent tﬁhd@rliéyéhﬂlﬂﬂe the ﬁ%‘él‘mbdwﬁéilaﬁei' ho Jreandttlfe h@dgﬁet)lc yer

nagnetlc 15 recording | ayer. Even using those nagnetlc materT al s,

§i ecti on. ﬂl‘&%?%ﬁ gﬁ%f#%%%y@fﬁ ﬁ%?ﬁghghg%@@?s?nt@%i £ TnBpice® @Sﬁfﬁt )
104

to the suttpach BYaPALIAEHAR: n the interned ate | ayer 103, Vhen & o

material of Copt systemcontaining 10 to 50 at % of platinumw th respect

to cobalt is used for the nagnetic |ayer aimng 20 at high coercive
force, the spacing of lattice planes of the cobalt crystal in the magnetic

| ayer B04 i ncrEhees exikts Urﬂ%'hynédhtﬁcécddﬁs'mw‘fa’ tihea Dlcetdtruetaronss | n
that case, if a mat erl al a hexagonal structure in which a spacing

bet ween (0929 aYVEiI M Pig. 8. | PRRAdeEEa tﬁlfag,faft@gcfé ggngf é@@ﬁ)tlﬁi ﬁﬁ%ﬂﬁgb?i q

cobal t cryst ng plati num at ons I on iI's expec

to prormt id Iatlnum into alt crystals,

| eadi g t o 04t eBBHBI R A Fhg shadib® ds Wy S8 IO Ben i T ¢

el enment or co\r/a)fund |/sés§nt ained in the magnetic layer in a proportion from
5to 20 at % i+ Adshécé-to the content of cobalt. Preferably, the

t hi ckness of the underlayer isin the range from5 15 to 20 nm the

t hi ckness of the internediate layer is in the range from5 to 50 nm and
the thickness of the magnetic layer is in the range from5 to 50 nm The

under @er in Therehmiet dsss labeide cdrritattshl agid @ apshowrth i@ e of

No, W or M as well as Ta. These netals have a bcc crystal structure and

1 f
?LESQC’EE”??P% . tofMeIANg loyeliiog %%4%%?“1’3’35%9% ELATER A0 o BP0 o
f th th f th t te | th
sral ler ¢ AL useﬂuﬁ"strgm& b azfmg}a%z‘f;bﬁﬁ%ialqﬁcg‘nééaenﬁme@ea| 0
b d f t | a He |1 d of
“Cont ai ni s °.rn@e Fabp Laver 45, Andca SrheRdba lo}ieemonaame o bhaci ng

bet ween (110) lanes (~msfit with
magnetic layer 104, as shown in Fig. 4. Then, the spacing d2 of

15 lattice planes in the intermediate layer 103 and the spacing d3 of
lattice planes in the magnetic layer 104 are given by
d2=c¢2/2, and d3=c3/2,
respectively. Fig. 5 summarizes the relations between the spacings of
lattice planes and the lattice constants.
20
Using these relations, the equations (1) and (2) can be

transformed to the following equations:

al/J 2>¢2/2>¢3/2 (3)

13



Ru (002) (9% Tabcc2.3388. 4Nbbcc2. 3368. 3Wcc2. 2384. 3Mobcc2. 2253. 7 The

i ntermediate | ayer may be conposed of OGs, Re, or Tc as well as Ru, to
decrease msfit and rather inprove lattice matching. These netal s have an
hcp crystal structure and are nonnmegnetic. As shown 10 in Table 2, the
spaci ngs between (002) planes of these netals are |larger than the spacing
bet ween the (002) planes of cobalt and the msfits are smaller than 10 %

Wien about 20 (pp Lop0f =p(Rt |/r1p'r2 Lézapg)eﬂatp/ 1/he cygnet4/dl ayer that is
principally conposed of cobalt, the spacing of (002) planes of the cobalt

crystal s incr t % alloy prin ally conposed of these
netal s al so ?66 [{g P(% CI%’QJ(%% ¢QEdI ate | aye@)DHere, “principally
conposed of neans " containing nore than about 50 at % . 20 22 Table 2

crystal structurespaci ng between (002) lanes (~)msfit with Co (002)
(%9 Oshcp2. 1606. 3Rehcp2. 2269. 1Tchcp2. 1998. ORuhcp2. 1425. 6Cohcp2. 0230. 0 The

i nternedi at e IAneactusl hethadfoparanufachusieny af magneticaecording
intermetal lic conpounds shown in Table 3. The crystal structure of these

al | oys5hi s mleddfinh icfbHigt fspebtesfanibbd inesiteiviblybé elestrbéd hdlow.s Waen

group of P63/ mt, which is same as that of cobalt thus the crystal

structure EF@ el 51025t H'd Bbdydfiired chBfc sPPAblurd ¥ formed on

“princi pal conpos means ~contai hi ng” nmor €

proportion, si#Rtfate 101 by a sputtering method, for example, each crystal

grain generally grows in the direction where the crystal planes of
(100), (110), (111), or (211) is parallel to the substrate surface. In a

10 crystalline grain with a body centered cubic structure, any growth
type based on the above mentioned crystal planes has a (110) crystal
plane in the direction vertical to the substrate surface. On the
underlayer 102, formed is an intermediate layer 103 with a hexagonal
closest packed structure having a spacing d2 between (002) planes

15 vertical to the substrate surface by a sputtering method, for example,

d2 being smaller than the spacing d1.

There holds the following relation between the spacing d1 of
lattice planes in the underlayer 102 and the spacing d2 of lattice
20 planes in the intermediate layer 103.
d1 = (d(110) in the underlayer)
> d2 = (d(002) in the intermediate layer)
where d(h k 1) is a spacing of lattice planes represented by a Miller
index (h k ).

14



crystal structurespaci ng between (002) |lanes (A)msfit wth Co (002)

(99 WRhshexagonal 2. 1746. 9N 3Snhexagonal 2. 1264. 8Ni 3Zr hexagonal 2. 1214. 6Cost ahe
xagonal 2. 0601. 8Cohcp2. 0230.0 15 Second aspect of enbodi nent 23 Fig. 6is
a cross sectional view show ng a construction of the second aspect of
enbodi mrent of a magnetic recordi ng nediumaccording to the invention. A
magneti c recordi ng nmedium of this aspect of enbodi nent conprises a seed

layer 106 on t(heystslstihetlee Fln_iagquﬁéidiiaftérlﬁy%rgwiﬁhai hekiagdrilt clofest

under | ayer 102 of a nonmagnetic filmw th a body centered cubic (bcc)

" " . _ . : )

S uot ur e gk SR SHRARNFAREIAFE (0 ISP WIRCEhRRLSE sbARif 2
th dery 102. A tic | 104 of. j il it 10

hoxagonal @ [ebie Blihed itis: eual £o/snaRaGH g R Ph{RPALAIARES | Ther

103. A pr%e%éi ve layer 105 is fornmed on the magnetic |ayer 104. gystal S

of the sed®0Zplanes;dbeingperpemdicular tpithe araxise arenimsportanhdotane as

that of the underlayer, and the space group 15 PnBm Thus, the crystal

st ruct 5r e contirbélingethé alieectionsofrtherc-axis.h&ndthe bthendemdybecad (e abk
exhibits superior lattice matching with the underlayer 102. Two conponent

el enent s \ ; Ifiqa
substr at e.cm'lgh]it)?)t en e%?éq{nsag ﬁlc?g(% %t tB ﬁeeoug}gstg%m}{elsbgggm gf;/g}rleg(fl UI\%?AI

is used u I der | [ chrom um.i - g i.C.recordi ium
conpri si n&gj%{‘%gi‘%tﬁib@r cgﬁ‘f&pﬁtﬂg&nﬁg@ ﬁﬁ’ger@.taf%&gﬁagg eoqp%%l%rg,doggbﬁi gl ass
substrate. .aresult, the seed | ayer crystals hi,bj tendency for
(211) 24 laﬁmeafaw assmallen tha saciug dRosib0e) alanes fhac
Because the (211) plane of the underlayer 102 well matches to a (100) pl ane
of the hcpenystal seithanihexegonal dosesthpacked stradtayred 103 i nproves and in
pl ane al i gnment of the c-axis increases. As a consequence, in-plane 5

al i gnient of td2 =<(d0B2)in the itwrenedidtykiydf4 enhances as well. This
aspect of enbodi nent provides a seed layer of a thin filmconposed, for

exanpl e, of the Qi(q@l?oﬁ#gﬁfg?@@rh@é&{d{%tpd}}élg conpounds shown in Table 4

under an under| ayer.

A spacing d(h k 1) of lattice planes in a hexagonal crystal system
1s represented in terms of the lattice constants a and c by:
15 1/dlhkD2=4((h2+hk+k?/3az+12/c2
In a hexagonal closest packed structure, c/a is about 1.63. From

the above equation and the value c¢/a = 1.63, the following is deduced:

d(101) < ¢/2 = d(002).

20 Consequently, a lattice matching relation between the
underlayer 102 and the intermediate layer 103 can be represented by:
(d(110) of the underlayer) - (d(002) of the intermediate layer)
< (d(110) of the underlayer) - (d(101) of the intermediate layer)
That is,

15



crystal structurespaci ng between (110) lanes (l~msfit with Ta (110)

(9% CoTi cubi ¢ systen®. 11110. 7CoZr cubi ¢ systenR. 2603. 5CuZr cubi c

syst enR. 3061. 4FeTi cubi ¢ systenR. 10411. 1N Ti cubic

systen®. 12010..3Tabcc2. 3380.0 The lattice msfits for the case of a tantal um
underl ayer are given in Table 4. CoZr and CuZr exhibit small val ues of
lattice msfit 15 with tantalum and are suitable for producing a nmagnetic

recording nedidim &%kydbg (dHa0d)esfetie intenmicdiatéllayewyh CoTi, FeTi and

Ni Ti exhibit relatively large values of msfit with tantalum the msfit

can be rradphéf@fd{%rié pBetxﬁ%%h?ﬁg%imFrégﬁéﬂ’c“ﬂb e (016) E’I‘Bhle@ringﬁl% ¢ the

spaci ng bet ween |'anes than~tanta I's used for the materl

under | ayer, Accardi ngl |l oys.are a i t for producing. a
magnet o 1<EySARTRe d At PEERR AR e 102, el (1P BFAn8 MG Vercal
of enbodi nents The internediate |ayer may cqnsi st _of first, injernedi ate

| ayer and toctan gubsteabe sunface ajgevansg fary £1@r15511ame§tkm& ére
classified into a hexagonal crystal system A nmagnetic recording mediumin
10 thi 5 agmernddiatbddiyranthanrfori thes (@02) planesyin thei interime diatediagter.
| ayer, second intermnmediate |ayer, a magnetic |layer, and a protective |ayer

sequent i al Ay o pegult, 9n mislipronth & Shecapbrallifie drelibanmehsel ati on

hol ds anbng the spaci ng dl ween (110) planes 1 n the underlayer, the

EEZEE g Sé@%%%%#%?ﬂ%iﬁi?‘)%’r 22%;@% ﬁiaé%%%%lgjv?abﬁiﬁ%%?&@fwgﬁ;ané“e
i 002 ' ' . d1>d4>d5>d3.

A scod | aydte WEGThBT3ReH actron vBLfCan o s SREBE S SURESh Bnder | ayer

The underl ayer, may, consjst of {l:]@t under | ayer and second underl ayer that

have a bodornddnuatien sutile thet plane of the nnderlayer 102. In other

10 words, the crystals in the intermediate layer 103 initially grow so

that the c-axis predominantly aligns parallel to the substrate surface.
Further, in the relation
(d(110) of the underlayer) > (d(002) in the intermediate layer),
the misfit Al of spacings of lattice planes between the two layers
15 satisfies the relation
0.0<Al=(d1-d2)/d1<0.1,
that is, the lattice misfit is less than 10 %. Accordingly, the crystals
in the intermediate layer 103 can be considered to grow to a certain
size with the c-axis predominantly aligning horizontal.
20
A magnetic layer 104 is formed on such an intermediate layer
103 that is grown with the alignment in which the c-axis is parallel to
the substrate surface, as described above. The crystals of the

magnetic layer 104 with a hexagonal closest packed structure have a

16



magneti c recording nmediumin this aspect of enbodi ment conprises a 26

first underlayer, a second underlayer, an internediate |ayer, a magnetic

| ayer, and a protective |ayer sequentially formed on a substrate.
Preferably, the followi ng relation holds anobng the spacing d6 between the
(110) planes in the first underlayer, the spacing d7 5 between the (110)
planes in the second underlayer, the spacing d2 between the (002) planes in
t he i nter rgiang d8yaf latéice phenepaani tlge ¢3akis deroction (rHallepthanstlien t he
magnetic | ayer: d6>d7>d2. A seed |ayer may be provi ded between the

substrat e geinied 2bfthdeideptinedia ﬂﬁ@iﬁlﬂérhfétﬁ&ftbqag‘é‘ﬂ 108 9@ %€ MiReH

nore in detail wth reference to sone exanples of preférred enbodiments. 15
of ot henr i e BRIl ® Ryl shABREIHAR 10 . Tl D ot ecti ve
It el A R R Ut
the lattice pl aneszts&ﬂb&aﬂse_ essential for c-axis alignment control of the

crystabs of cobdd inoth@anagnetaedayer).The tabl e al so gi ves the
msfits of spacings of lattice planes at the interface between the

i nt er nedi dSimdeayhe magiidtic dager| E)4is @0t pbsé of2drystals offcotmlefsyisiem

magnetic |ayer and the internmediate |layer. Table 5

TaRuCoundegh I hek g@% C?{i ttice

structur ebccﬁgacpeg ent |lg(flsﬁgtg?$’?e eﬁ%gﬁ(‘)@%ﬂ 02) | anespaci ng

bet ween2. 3382. 1422 f1] | anes_ (l.~)ym.sfht at interface8.4 ~ 5.6(% 5
The magnetic I(ige—r (@z@@o}#gﬁﬁ a(ﬁpéécétay%r?)f pl ati num 10 at % of
chromum and 1 % of . Si 02 as nnetal | i ¢ conponent, with respect to
t he cobal t corﬁ’gdffbbl/mﬁ@eem%gpe&nf%ée% atinum atons contai ned at the
interstices in the cobalt crystal lattice, the spacing between (002) planes

of t h&é0codabnsequently, adadtice matching pelationtbetweendieninger late

msfit at the interface between the magnetic layer and the internediate
| layer is slayraseddithdenapaetidlayerd n@@@uhtbélr@gr@eén%dcbwas 100 % ar gon.

The sputtering 15 conditions are shown in Table
(d(002) in the intermediate layer) - (d(002) in the magnetic layer)

< (d(002) in the intermediate layer) - (d(101) in the magnetic layer).
That is,
15 d2 - d3 <d2- (d(101) in the magnetic layer).
Therefore, lattice matching with respect to the (002) planes in the
intermediate layer 103, which is vertical to the substrate surface, is
superior for the (002) planes in the magnetic layer 104 than for the
(101) planes in the magnetic layer 104. As a result, the magnetic
20 layer initially grows with a tendency of the (002) planes thereof
vertical to the substrate surface. In other words, the crystals in the
magnetic layer 104 initially grow so that the c-axis predominantly

aligns parallel to the substrate surface.
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28 Table 6 Deposition conditions for each |ayer.

under | ayeri nt er medi at enagneti c | ayerl ayergas pressure5705(niTorr) power

(W 570440700 The predeterm ned thickness and the val ue observed by a TEM
for each |layer are shown in Table 7. The sanples were prepared by 5 neans
of an ion mlling nmethod using PIPS Mddel 691. The TEM observation was
conducted by a field em ssion transm ssion el ectron m croscope, type JEM

2010F. Tabl e Fuptlesresstlé relatioryers. predeternined (nm TEM observation
(nm) magnetic | ayer 89. 'IRu i nternedi ate | ayer1521. 7Ta underl ayer 1515.4 10 A

mean grain s t V. h
ayer ver o obi 0%y tBeiREbralddEtE Yayi) ré%?‘?@)a%#éﬂ%. pgeTayeey
Th I cu adark Idtr C t hod usin
%SL“SMG na?at K258 S3eligcot Tattle ibtis bebivesn Bhativaiayers ' "
(nm standard ﬁ\“ ation (nmmagnetic |layer5.21.9Ru i nternedi ate
| ayer 6. 51.5atasilegdheyeladion. 9

5 0.0<A2=(d2-d3)/d2<0.1,

that is, the lattice misfit is less than 10 %. Accordingly, the crystals

in the magnetic layer 104 can be considered to grow to a certain size

with the c-axis predominantly aligning horizontal.

10 Thus, the c-axis in the intermediate layer 103 has the alignment
parallel to the substrate surface, and in the influence of such an
intermediate layer 103, the c-axis in the magnetic layer 104 has
stronger alignment parallel to the substrate surface than in the
intermediate layer 103. Because the c-axis alignment becomes

15 stronger in the upper layer as in the order of the underlayer 102, the
intermediate layer 103, and the magnetic layer 104, the c-axis of the
crystalline grains in the magnetic layer 104 in such lattice
configuration can be expected to predominantly align parallel to the
substrate surface even if substrate heating is omitted in the film

20 forming process.

Among the underlayer 102, the intermediate layer 103, and the
magnetic layer 104, the following relation exists:

spacing d1 between (110) planes in the underlayer

18



The mean grain size in the planar direction for every layer is smaller than
respective |layer thickness. An upper layer has a 5 smaller grain size than
a lower |layer. The standard deviations are small, indicating al nost uniform
grain size. TEMimage showed clear grain boundary and nearly uniformgrain
boundary region in the magnetic |ayer. The grain boundary can be consi dered
to be generated by precipitation of Si02. 10 Exanple 2 Simlar to the

Exanpl e 1, seq:»l%@iacahgydmferﬁwemr(eo@ plRafsd #Y SheointEnyedpitendydm an

i nternmedi ate | ayer of rutheniumfil a magnetic layer of a filmof cobalt
system and a;prw V, ! i plastic
substrate by a s hgl&r;%][%et %ﬁ@ % %Sli)g:ﬂ}tgl%er éc‘%ﬁ%tg@r}%&ego at % of
pl ati num % Of rom nd 10 m)l f.Si 02 as a ngnnet C
Conponent  Tadtistsn, fi ST of Spacingsiof fafticepladfsatel %n faied vas
100 % argaon. The sputterl ng conditions were sane_as in Exa

5
Conpar at i veetweenl die Asyessexists i aedegpeedessddran il %cﬁp}mmjowedthe

havi ng | ayer constructions as shown in Table 9 were fabricated. 10 Table 9

| ayer Gonsgraigt sieComthiexhopizoritsl bdireetivon ofthbSiteriedinte Expep1€3
2substrate / Cr-16W/ Co-42Cr /| MagConp Exanpl e 3substrate / Cr-16W/

g ngg?;t { Vt?nd@@b Be Maarly ibhehd 3Birfie Bize M9snd SREFTRAS tRatdGid C | aver.
underlayer 102; and the grain size in the horizontal direction of the
magnetic layer 104 tends to be nearly in the same size or smaller
than that of the intermediate layer 103. As a result, minimization of

10 the crystalline grains in the magnetic layer 104 can be achieved.

Because the spacing of lattice planes in an upper layer is smaller
than that of the corresponding spacing of a lower layer, the
intermediate layer 103 is likely to generate a gap at the grain

15 boundary than the underlayer 102, and the magnetic layer 4 is likely
to generate a gap at the grain boundary than the intermediate layer
103. Therefore, minimization and isolation (or separation) of
crystalline grains can be achieved without substrate heating in the
film forming process. In order to promote this tendency, it is

20 preferable to increase misfit of spacings of lattice planes between the
layers as long as predominant alignment of the c-axis in the

horizontal direction is sufficiently attained.
Although such materials are selected in manufacturing a
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Exanple 1 conprises an underlayer of Cr-16W(Cr : W= 84 : 16) with a bcc
structure, but lacks an internediate |ayer. Conparative 15 Exanple 2
conprises an internedi ate |ayer of Co-42Cr(Co : O = 58 42) with an hcp
structure, but the spacing between (002) planes in this internediate |ayer
I's small er than the spacing between (002) planes in the magnetic |ayer.
Conparative Exanple 3 conprises two internediate |ayers: first internediate

layer of (@privéntiotthlserqitetit reebediBgi mieeliuay thatf tHé rhidhit bétweed th80 :

10), but the spacing between (002) planes in the first internediate |ayer

is small er é}gﬁg . | '
I nt er medi a]ta ay%#%@n%@?%&g@gﬁg%%%éﬁgh?@%g Jr)ﬂ(l::%gﬁr%gﬁg%%cri bed
above were subjected to. nmeasurenpents.ingl udi ng coercive force He (Oe

o oduct - Tt iyebfidlt i kR ibrvhe Tt e RaPes s Behlevh coidelant
the magnetic |ayer, product Bs t (G unm) qf saturation magnetic flux density
Bs and t hiagnretigperformanee dn pastloulazgtbhearaladionsio s ( = Br / Bs),
and coercivity squareness ratio S* (tangent at the coercive force on the
magnet Bzat i on @O €)(d116 dMe desul andof the neasurements for these magnetic
properties are given in Table 10. Table 10 He (Ce)Br t (G um SS*Exanpl e

13, 630400. 840.(F@Exanfle- §3)579400. 890. 73Conp Exanpl e 12, 010600. 860. 80Conp
Exanpl e 22, 840700. 940. 7/7Conp Exanpl e 32, 380500. 820. 67 15 As apparent from

Super | or R EHTEERANMGe ERELLB IR Drtee Rk HRTAN o “comparati ve

Exanpl es. 20 The crystal structure, the principal crystal plane vertical to
t he

Because minimization and isolation of the crystalline grains are
10 easily attained in the magnetic layer 104 of the invention, an element
or a compound that is likely to precipitate at the grain boundary is
promoted to precipitate homogeneously at the grain boundary of the
cobalt crystal in the magnetic layer 104. Consequently, excellent fine
structure is accomplished in the magnetic layer of a magnetic

15 recording layer.

Even using those magnetic materials, the c-axis in the
intermediate layer 103 still tends to align in the horizontal direction.
Accordingly, the c-axis of the cobalt crystal in the magnetic layer 104

20 aligns more strongly in the horizontal direction in relation to the

substrate surface than in the intermediate layer 103.

When a material of CoPt system containing 10 to 50 at % of

platinum with respect to cobalt is used for the magnetic layer aiming

20



32 substrate surface, and the alignnent of the crystal axis were studied
by X-ray diffraction and electron diffraction by the TEM The results are
shown in Table 11. 5 Table 11 crystal structureprincipal |anecrystal axis
al i gnment magnetic | ayerhcp(002)c-axis is horizontalinternedi ate

| ayer hcp(002)c-axis is horizontal Ta underl ayerbcc(l 10)nearly random The
crystal alignnment of the c-axis to the horizontal direction was reveal ed

stronger iat highrauwreive foayer thdapacinghsf lattécerplanes dfavkss cobalt
Advant ageous Effect of the invention As described so far, a magnetic

recordin d’iﬁﬁl s af | ' SIYd . :

under | aygr | ttﬁwgﬁbtyﬁﬁéggggﬁ%lﬁ%fgng%ct ur gi%?rlr@éégﬁ;tgggﬂgﬁ%ly}%{legf an
i nt er medi ghed er with 15 ayhexagonal closest  packed.grysial strugture
For meq.on WHe Pty BPortts.ARRACORse 12 SRABERTSH L BobRra RbR AT oba
wi th the hexagonal closest packed st{)ucture orned.on the . internedi atle'z“3

| ayer, andt@ustyredn wehickh arspamingibetwera é&@ﬁpianeaysdaaggrat fheon
d1>d2>d3 hol ds, where dl is a spacing between (110) planes of the 20

under | Syerspaiings ofi (8022 iplgnest o the (0b2ilt wryseal dhchudirigptatienimt at@Rs
| ayer and d3 is a spacing between (002) planes in the nmagnetic |ayer. A

magneti c reCosHdNDhlvRYSh, T4 BEpkbtéd Tor prémidtetSoliAsdlRtRM ofithal | ows
bei ng produced w thout substrate heating steps in sputtering processes, and

exhibits exGRihGMh JRHME intoid CBRICERystals, leading to further higher

coercive force.

10 Preferably, a nonmetallic element or compound is contained in
the magnetic layer in a proportion from 5 to 20 at % with respect to

the content of cobalt.

Preferably, the thickness of the underlayer is in the range from 5
15 to 20 nm; the thickness of the intermediate layer is in the range from
5 to 50 nm; and the thickness of the magnetic layer is in the range

from 5 to 50 nm.

The underlayer in the above-described layer construction may be
20 composed of Nb, W, or Mo as well as Ta. These metals have a bcc
crystal structure and are nonmagnetic. As shown in Table 1, the
spacings between (110) planes of these metals are larger than the
spacing 2.142 A between the (002) planes of the ruthenium used for

the intermediate layer and the misfits are smaller than 10 %. An
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510 15 20 34 Cdains 1. A magnetic recording nmedi um conprising: a
substrate an underlayer with a body centered cubic crystal structure 5
formed on the substrate an internediated |ayer with a hexagonal cl osest
packed crystal. structure fornmed on the underlayer; a nmagnetic |ayer
conposed principally of cobalt with the hexagonal closest packed structure
formed on the internediate |layer 10 and a protective |ayer forned on the

magneti c lalyey priancepally coinposed of tHazd methilis alsdengydie used fnatheg

bet ween (110) planes of the underlayer; d2 is a spacing between (002)

pl anes of | e ¢ ; ' [ es
RIS i et o e o R e A e RS
1, whereinsfurther d selation 0.0 < (dl - d2) / d1 < 0.1. 20 3. A
magneti c &M&%&%Qi%ﬁn@&ccor ding to claim1, wherein further holds a
relation 0.0 < (d2 - d3) / d2 < 0.1. 4. A magnetic recordi ng nmedi um

according to claim1, wherein sinultaneously hold a relation 0.0 < (dI -
d2) / d1 < 0.1 and a relation 35

5 Table1l
crystal spacing between misfit with
structure (110) planes (A) | Ru (002) (%)
Ta bee 2.338 8.4
Nb bee 2.336 8.3
\%Y bce 2.238 4.3
Mo bee 2.225 3.7

The intermediate layer may be composed of Os, Re, or Tc as well
as Ru, to decrease misfit and rather improve lattice matching. These
metals have an hep crystal structure and are nonmagnetic. As shown

10 in Table 2, the spacings between (002) planes of these metals are
larger than the spacing between the (002) planes of cobalt and the
misfits are smaller than 10 %. When about 20 at % of platinum is
added to the magnetic layer that is principally composed of cobalt, the
spacing of (002) planes of the cobalt crystals increases by about 3 %.

15 An alloy principally composed of these metals also may be used for
the intermediate layer. Here, ‘principally composed of’ means

‘containing more than about 50 at %’.

20
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0.0<(d2-d3)/d2<0.1. 5. A magnetic recording nedi um according to any one of
clains 1 through 4, wherein a material of the nagnetic |ayer contains a 5
nonnetal lic element or a nonnetallic conmpound in a proportion from5 to 20
nol %wth respect to content of the cobalt. 6. A magnetic recordi ng nmedi um
according to any one of clainms 1 through 4, wherein a material of the
magnetic | ayer contains 10 platinumin a proportion of 10 to 50 at %w th
respect tdl'gbhs @nt of the cobalt. 7. A magnetic recordi ng nedi um accordi ng
to any one of clainms 1 through 4, wherein a material of the magnetic |ayer
contains a 15 nonnetallic elenent or a nonnetallic conpound in a proportion
of 5to 20 nol %wth respect to a content of the cobalt and platinumin a

proportiop of 10 to|50 agrystalt h rem'ﬂgﬁ)bébﬁre@@tenmfgﬁﬁmthob lt. 8. A

ragnet ¢ ecording, Tecl agssed b {enar1ghes A ELCh g Iy ben 7

, or

Tc. 9. A hagn&d$c rdcordi r}'g:predl un accorcﬂd@}(lo any lone of6d al ms (L t hr ough
7, wher ei n th nt erfmedi a ayer |s pri | [ co oseér f an
i nt er rret a nRénwnnl [a¥al cplt}% n}'/l F ' aVaal E)h’)\ m y |\|| Q7r f‘ncf al 10 A

T LU UTITPUgTTt— OCTT TTT TN \J\JI )

magneti c recorTﬁ ng redi umherzor di nf to anzl(ﬂﬂa of cllims 1859through 9,
wherein the umpger!l ayer iSHHﬂ ncipal Iy conpgsgsl of Taf Nb, V¥ gr M

Co hep 2.023 0.0

The intermediate layer may be principally composed of the alloys
5 or intermetallic compounds shown in Table 3. The crystal structure
of these alloys is classified into a hexagonal crystal system and has
the space group of P63/mmec, which is same as that of cobalt; thus the
crystal structure of the alloys are similar to that of the cobalt. Here,
‘principally composed of” means ‘containing more than about 50 % in

10 molar proportion’

Table 3
crystal spacing between misfit with
structure (002) planes (A) | Co (002) (%)
WRhs hexagonal 2.174 6.9
NisSn hexagonal 2.126 4.8
NisZr hexagonal 2.121 4.6
CosW hexagonal 2.060 1.8
Co hep 2.023 0.0

15 Second aspect of embodiment
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11. A magnetic recordi ng nmedi um according to any one of clains 1 through 10
further conprising a seed | ayer conposed of an 10 internetallic conpound
with a conposition of CoTi CoZr, CuZr FeTi, or NTi 12. A magnetic
recordi ng nmedi.um according to any one of clainms 1 through 11, wherein a
direction of magnetization for recording 15 information in the magnetic

| ayer is horizontal in relation to the substrate. 13. A magnetic recording

nedi um accor diftig, t®ifaYcross séctibbls/idw Bhovdhg 8 cométiictich dfe4dsy one of
t he underl ayer, the internmediate 20 | ayer, the magnetic | ayer, and the

protectiveyd ais@ggﬂ?%n%dlﬁ%ﬁt off (Tﬁﬁnzaﬁghbﬁfd' f%dﬁi%%d%é&imﬁ magneti

recordi ng nmedium a to any one Ins 1 roug erein a

t hi ckness of t underd aver_is.in the range .37 fhom5 tg.20 n 15 A
mgnet o rAeoraing Hothe thyeribf Arwlaliin Feser il e fliftn S siis,
wherein a thickne sn&; he internediate Iayeéj isinthe 5 éang from5 to
50 nm 16.2SD empboduvemtrepmpises acseedilayero @6 prohhe substapte 1

t hrough 15, wherein a thickness of the nagnetic layer is in the range from

5 to 28 nnOl@olimprovegrststal mdigmrient.néch umdedaydrnpOR2ofamy one of
claims 1 through 16, wherein the internediate | ayer consists of a first

i nt er medi %@nhwgﬁewctfglm ks Y Mdgﬁfr-é(ﬁté’i'ecf cubié (bec) SErREt e ishlpormed

under | ayer and a second I nternedi at ayer wth a hexagonal crystal 15
structure i aed t figst: | ol n e
ayer, and'h og s 1668 10 AR irlsPhEHIBIEIAE 1030 o TR Ehe fic
(002) pla of .t.he first internedi ate l,ayer., an 515 a spacin et ween
(002) bl adiimomitRe bexeenak eltseat sacted (hephetructufe i Tormibd Bl ng
nediun1accordin? to any one of clajns 1 through 17, wherein the_ underl ayer
consi sts danderlayer doder Aayragnetic layeiy0dcon armagnefie fthmsvith et ructure
formed on the substrate and a second underl ayer with a body centered cubic
cryst a0 sthexagonal @losestpackend strudturet isfolenkdyen tdrdintermeteatedi at e
llayer, and 38 a relation d6>d7>d2 hol ds, where d6 is a spacing between
(110) pl argsydyn1 DBE A{J}gfété&?@é Uégé%gﬁﬂ%‘ié‘?ot&éd %E@Eh@ﬁn‘&?ﬂ&g@ 1{1#&9)104.

pl anes in the second derl ayer. magneti c recordi ng nediu
according to any one of clains 1

Crystals of the seed layer have a body centered cubic lattice,

which is the same as that of the underlayer, and the space group

15 Pm3m. Thus, the crystal structure of the seed layer is similar to that
of the underlayer 102 and exhibits superior lattice matching with the
underlayer 102. Two component elements of the seed layer have a
tendency to deposit alternately on the substrate. This tendency is
similar to the case where a seed layer of NiAl is used under an

20 underlayer of chromium in a magnetic recording medium comprising
an underlayer of chromium, a magnetic layer of CoCr, and a glass

substrate.

As a result, the seed layer crystals exhibit a tendency for (211)
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t hrough 18, wherein further holds a relation 0.02<_ (dl-d2)/dl. 20. A
magneti c recordi ng nmedi um according to any one of clains 1 through 18,

wherein further holds a relation 0.02<_ (d2-d3)/d2. to 21. A magnetic
recordi ng. medi.um according to any one of clains 1 through 18, wherein

simul taneously hold a relation 0.02<_ (dl-d2)/dl and a relation 0.02<_
(d2-d3)/d2. 15 20 39 .AY. A Al .A3. A3. AF. AnF. AF. AnF. AHF. A3. AF. A3. A . A A A9. AH
.ALLA A A plarfes #haréof £ alfgn privhllel £6 thel substritelsvrfatd. ABevaluse the

(DQ\/Y#}XSI’II d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

[ ca] oa] oh] o) 2of Eare SRR b Aidinay of 10 FheFtarh O Sl BE1EE) 2
Y SEXHHH#SL %m)/%/ d Z
Loy bl cal cage iaacsa]aaa@aeeiﬁ %ﬁ%ﬁs] Wiprie é‘é‘a&ia&]%}l@s’q {hpeaves e aff oo
calca]calc ' _(T(((((é )))) 1. *z***B++++ }xsni d_Z] ca] ca
] cal ca] ca]k Ié%l]&lbg ﬁ]@a‘] oht ]Q:@]Xda]laé:}‘@&?@%] (Aé] @agt@ra%qpeapea}na}‘aa}a:a] ca
]calca]calca]ca]ca!,,-0-k---.B..... "/ k/1/0U0Oh00001z2Y34555B6Ws67} xsni d_Z] ca
] ca] ca]Sca] ah]gm%lenitaﬁ]ltggdzga%1§§]8g%]ég?]gxgg§]§ggét%a]laybca]]@ralecm}ia:n]:cahca]veé]] caj ca
ca] ca] ca] ca]ca] ca]ca u

; <=N====>>M>u>} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! u>>>>@ Bj CpCCC7Dz DDEEFZFFFF

C&ZGEXZHcH H i . C C C Ga] cal ca
] ca] ca] ca] ca]_lgg}l %?g]&?@a%o@ﬁgmﬁ q%@?fc@%@bc%’%@l&ﬁ%ﬁﬁm Nit
NNNN@k OOQ' Ps PPPP SS} xsni,d _Z cal,ca] ca] cal,cal c cal ca] ca] ca]
ca] ca] ca] ¢&d %Q?:%I%ERR é%fé;ﬂecgi h#l@g& é{t L'ngj@ii YZ[O 1]
ANNT T aebkb”Mddef gl g ghhhhh}xsnl d Z] ca] caJ ca] ca] ca ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cempguadls shosy enpdn exdpyeYrcal h*iniii 6] ~j j kHknk
gkwkkk' I hl I I 8nmmmmmmnnpqt Ft Lt t}xsnl d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] calla] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]caltt

uduuu&WYvavbvuwwx M xxxxyyyz~zzz{7|wW | | | | & } xsni d_Z] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] calghlledf ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
al&f}}}19Zlr(j8z{8|}xsnid_Z]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 03l 58>FGAthu1{ %} xsni d

_Z] ca] ca] gajcajcaicajcajcaic arecaje -cajcajca] ca] caica T cal ca]
cal] ca] ca] ¢a] ca] ca] ca] ca] 0%11'13@/]]33#0 *fi|8 i gjﬁ él ftcg]]%%i a] cal ca

] ca] ca] ca] ca] ca] ca] ch] caﬁ]tda]atm]rea] cd] é], @] pi]ine]s ddjldn)] Al 8~' 23

6{.s; system 10.7

~$+Vb}xsn d ZG ']: eatpetecafead ca?ca} gat-cai ca2 cf]i' eal-cal-epl-eal c:g eafcalral calc

a] ca] ca] ca] ca¢@z]1‘c ,ap@heayﬁpm da! Stc$@Y xsnild Z] caddn] cal cp] ca] ca
|

| ca] cal cal calCalgel opl eabaalakeph cdl cal calzgeal cal ca al o

cajl ca! Uu v L P carcarcare carca arcarcarcarcal caj ca

ca] ca] ca] 1‘a] cEPﬁa] ca cé’PJ@&”@é/S@ﬁ ﬂ%a] ca] ca] &3@3 caJI {]Df i f o] Jl51X o}§<sn d Z]ca

] ca] ca] ca} ca] BHI4a] c ] ca] ca]2:a1]zga] ca] caf ca] cq|x8] ca] cal cal ca
C = B%Ez‘—(—)—

ca] ca]c,@] ca] cp] ca] ca

] ca] ca] c( V&' () -
" 1098 () - ' : v#-8P3 03 Y -
109 ()- 37109 ()- "109%& ()-$hr }cB=t 10% 08$ 10%& ()-m &10%& ()-m
39.09X& () - ( 394.0% & () - N|10°/<Z& () 5101010} zpf H=t 10%
| MLO%TE! () - 1071021071098 () - 09Z& () - Y&10%Z:; & () -
e9%R10%& () - ({\ %ﬁiﬂ ttiog oowefi aee-of 8y man(yndeylayegare- 1 1y%d
09& () - 10%m& () - DQSTUVDC=t ! sI 10968 ()- -3 109%& ()- 10m 10m

10m10%8. givesd in0Pakle (4. Mﬂr&ﬂd Cuifbr extrabitsavald valugs of batidce )misfit
38" 109G& () - 3@L0%GE ()- 3 "10%G& ()-43! 10%% ()- 6_YdEbC=t! 9B10%GE () -

Y#- #1QHX& (zsb RYta rit%fﬁin(ai dﬁ'elﬁﬁfﬁgalﬂ)e for pPO@&cing a M&Enetic redbrdinkdC
10G&>10968! () - | 2" 10%! () - 0z#10%%!

10928 ()- (&%@ﬁg}é&@lﬁ'iﬂ%&éﬁf?{@éé%m%]‘lﬁl@ et
Eoe\lfggfo%@(/)e@%%f@ﬂw@ Yﬁgﬁg%w F(%%) e ﬁfgvs(lffhl 65&](9}1@ R st

Ff, 1092& () -
can be made smaller when tungsten or molybdenum having a smaller
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bdef gwu~\ = 10Gy%409%&Z& () - ! 6y%d0%& () -, FA%0%&Z& ()-!, FA% 0% ()- 10Z 10Z
10Z>109@& ()- h!!11>"zY7-\= 10G ; Y, 5109ZZ& ()-z #Y,510%}& ()-z0

"100Z& ()- G, &10%&' ()-Z!, &10%&' ()-Z! ~, &10%&' ()-Z>"@A'B"'C'"" " 3#bC 10G ;

Y,, 1 10%8& ()- . 109%Z& ()- s"10%& ()- 9F10%&Z& ()- 10Z 10Z

10Z>109@& () - 3#x#H#SLSSAEDC 10G ; Y, 3Y3"109@& ()- 3"109%@& ()- $109%&& () -
L109&Z& ()- f@O0%& ()- 9!'109%&& ()- $$$* %W UELC 10G ;

Y, 0310%7& dpacin &vébnﬁllﬂpmnééth%‘h ta h0AER Is UKLIAGR {he rﬁﬁtenal
10928 () - VORRBESREI&XNDC 10& Y, FO109Z& ()-  10Z 10Z 102>1002& ()-

102t () oIRGB Ao ing) S5 S S ol plarABIE e Lo

10G; Y, f, ;1109 3F (1 109@& (.- F! S1 YF109%&

f 10928’ ()-P’(Q({(z%q‘é? ( q%@r%o@mg@} 1“‘?%& 3%1')‘9 pyege %(22& ()-
2@L0%Z¢& ().- 403109%@& ()-Y.S109Z& ()-)))))))]*z*bC 10G ; VY, , t 109&Z& () -

y! 109Z7& (nvedunoms’ ()- FL109Z& ()- 10Z 10Z 10Z>109Z& () - z*** B++++dEbC

5

Other aspects of embodiments
The intermediate layer may consist of first intermediate layer
and second intermediate layer that have a crystal structure classified
into a hexagonal crystal system. A magnetic recording medium in
10 this aspect of embodiment comprises an underlayer, first
intermediate layer, second intermediate layer, a magnetic layer, and
a protective layer sequentially formed on a substrate. Preferably, the
following relation holds among the spacing d1 between (110) planes
in the underlayer, the spacing d4 between the (002) planes in the first
15 intermediate layer, the spacing d5 between the (002) planes in the
second intermediate layer, and the spacing d3 between the (002)
planes in the magnetic layer:
dl >d4 > d5>ds.
A seed layer may be provided between the substrate and the

20 underlayer.

The underlayer may consist of first underlayer and second
underlayer that have a body centered cubic lattice structure. A

magnetic recording medium in this aspect of embodiment comprises a
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10G ; Y, SEMLO%Z& () - F109&Z& () - npd0%& ()- 3"109%&& ()- 3"109%&& ()- Lf
1092& ()- + -,H],1,0, dEbC 10G ; Y, 03109@Z& ()-F. 1092Z& ()- @ 109&Z& ()- S&
109@2& ()- Y%gLl09%%Z& ()- F 11109&=& ()-SO,,,,, .., xmbC 10G Y, LFG 10%Z& () -
10Z 10Z 10Z>109Z& ()-W710%2&' ()-5109&& ()- 2 109%&& ()- ,,-0-k---dEnbC
10G ; Y, 39109%Z& ()- 3 10%&& ()- sf-109%&& ()- ,109Z& ()- 3 10%Z& ()-
“L109&Z& ()- -.B..... dEnbC 10G : Y, Y409Z&’ () - #210%Z& ()- F':109%Z& ()- FY

10928 () - firdtOf@deila eioﬁﬁs%cbhd uddﬁﬂb%@dﬁri@ﬁlﬂéi%edﬁ& l&ﬁ@x& 4)-
0$10%Z&' ()- . 10%& (3’ 09%& ()- FO*"10%& ()- ( 109%Z&

UOh000000 3RO ()-
e me S%W? 0
55555aVK8 %afgzgg%éf@% ig(}llovfflntg$r ation (lzoldgartn%ng acing"
109@& () - F2" 109@6& () -' %4.092u& ()-!' Y40% () - F9d0%& () - 5586V\6677dEVK@ 10! ;
F d6 between the (110) planes in the first underlayer, the spacing d7

5 between the (110) planes in the second underlayer, the spacing d2
between the (002) planes in the intermediate layer, and the spacing
d3 between the (002) planes in the magnetic layer:

dé >d7>d2.
A seed layer may be provided between the substrate and the

10 underlayer.

The present invention will be described more in detail with

reference to some examples of preferred embodiments.

15 Examples
Example 1
An underlayer of a tantalum film, an intermediate layer of
ruthenium film, a magnetic layer of a cobalt system, and a protective
layer of a carbon protective film were formed on a plastic substrate by
20 a sputtering method. Table 5 gives the crystal structures, the
spacings of the lattice planes that are essential for c-axis alignment
control of the crystals of cobalt system, for Ta, Ru, and Co. The table
also gives the misfits of spacings of lattice planes at the interface

between the intermediate layer and the underlayer and at the
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10#10%Z& () -3 9y#10%Z& ()-, G 10%%& ()-  10%& ()- 3 #109%Z& ()-3

F" 10028 ()- 728u88888dEVK@ 10! : F 10% 109Z& () - y#GLOWZS' () -

s#109Z& ()-F! 1098 ()- 3F "109&Z& ()- 33! 1092Z&' () - 38869{ 9999dEVK@ 10! ; F
10F2100@& ()- 0109%Z& ()- |.-10%& ()- FS, z#109%Z& ()- F9*- 100@& ()-
s(YL09Z& ()- 999:<:=:>:?:::bC 10! ; F 1F "10%& ()-3333"10%& ()- 10Z 10Z
107> 109Z&' ()-92109Z& ()- 5109@& ()- ::& K. ::<dEbC 10!: F 1$10%c& () -

s| 10%3& ()intbPFdEY6E thie Riks Aetied ayercAN 400K i hterit¥ite QhYefFN::Dd EbC
10! ; F 1F. 109%G8 ()- FS, #1006’ ()- &*109& ()- F 10%6% ()- 9810068 () - 43
"10%G&' () - >>Mu>>>>>>dYNC 10! : F 1 10G 10G 10G>

10968 () - IMLOYGS: () - Y5100G8! () - 2510%G& () - FO310%G& () - >>?_@a\" B} [ 9YNC
100 1 %ocy@i,ébkg 940%& ()-& Z940%& ()-@ ZY0%& ()-@ ZY%40%: ()- @

10928&' () - 2N CoCpCxYNC8 10!
Ta Ru Co
underlayer | intermediate | magnetic
layer layer
lattice structure bce hep hep
essential lattice (110) (002) (002)
plane
spacing betweem 2.338 2.142 2.023
lattice planes (A)
misfit at interface 8.4 | 5.6
(%) |
5 The magnetic layer was contained by 20 at % of platinum, 10

at % of chromium, and 10 mol % of SiOz as a nonmetallic component,
with respect to the cobalt content. By the effect of the platinum
atoms contained at the interstices in the cobalt crystal lattice, the
spacing between (002) planes of the cobalt crystals becomes about

10 2.08 A. Consequently, actual misfit at the interface between the
magnetic layer and the intermediate layer is supposed to be about

3 %.

The sputtering gas used was 100 % argon. The sputtering

15 conditions are shown in Table 6.
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1092& ()-F S "109%%& ()-F & #109%Z& ()-3L109&Z& ()- EEFZFFFFJENCS 10! 10Z s'
109@& () -. %@L0%Z& ()- F#f109&& ()- 9!

109@& ()- G L109%&& () - G 109&Z& () - 3FCGZGGGZHCHIENCS 10! 10Z

Y 9100Z8& () - 4109Z& () -t Y2g#10%Z& ()- Og 109Z& ()- , 109&Z& ()- F*#10%Z& ()-
cHf HgHhH FPigble) BCDhod iAo h IQiti on8EBYeER N 18yEA 0% () - L10%r&! () -F 10Z
10Z 10Z= 109%Z& () - JIAKZKKKKAEDC 10! 102% 10%&’ () - 3y#

10%m& () - 3s& mLO%M& () - F3 10%m& () - 3@10%M& () - 3#10%m& ()- KLXLLLLMIEbC 10!

underlayer intermediate magnetic layer
layer
gas pressure 5 70 5
(mTorr)
power (W) 570 440 700

The predetermined thickness and the value observed by a TEM
for each layer are shown in Table 7. The samples were prepared by

5 means of an ion milling method using PIPS Model 691. The TEM
observation was conducted by a field emission transmission electron

microscope, type JEM 2010F.

Table 7 Thickness of the layers.

predetermined | TEM observation
(nm) (nm)
magnetic layer 8 9.1
Ru intermediate 15 21.7
layer
Ta underlayer 15 15.4

10
A mean grain size in the planar direction and a standard
deviation for each layer were obtained by TEM observation. The
results are given in Table 8. The grain size analysis was executed by

a dark field tracing method using an image analyzer, type Luzes-FS.

15
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10Zs2nL0%m& ()- 0310%m& ()-FY. 10%& ()- F,,Z"10%m& ()- F*"10%m& () -

s' 10%1&' () - 3M MMM NxnbC 10! 10Z ! 109%Z& ()- 10m 10m 10n+

10%1& ()- YL9"10%1& ()- F 7F10%m& ()- Y4g#L10%T& ()- , Nt NNNN@XQJEmbC 10! 10Z
1092& ()-.3"109@& ()-3,109%Z& ()-G Y 1109%Z& ()-G @ 109%&Z& ()- 3

@109%& () - 3kOOO PsPPPAENDC 10! 10Z3S#109%@& () -

31" 109%&Z& () - Fs! 109%Z& () - F3mML0%Z& () - 4$10%& ()- ° 10%Z& () - sPPRLRRRSAENDC
10! 10ZF6TPYBRs © - F4! 109&&' () - 4F2nt 109%& () -

LO#109@& () - G3' m' 1092& () - | % 109@Z& () - GSSSSSSSST|]; 10! 1! 940% Si S& () -
040%m & ()-! 9%0%i& ()- 3 0% ()- 10Z 10Z 10Z=

oot (N :
@t &%oﬁN&? Ot e Lovae: lp)eap 7 ook () Siapdy
& () - Y0%®’ ()-! sYd0%R ()- 1odeviatign (nm)
& () -! %40V Hgnetdd QwéE () - 5@20%& Of 10mi319
Ru intermediate 6.5 1.7
layer
Ta underlayer 6.8 1.9

The mean grain size in the planar direction for every layer is
smaller than respective layer thickness. An upper layer has a
5 smaller grain size than a lower layer. The standard deviations are
small, indicating almost uniform grain size. TEM image showed
clear grain boundary and nearly uniform grain boundary region in
the magnetic layer. The grain boundary can be considered to be
generated by precipitation of SiOs.
10
Example 2
Similar to the Example 1, sequentially formed were an
underlayer of molybdenum film, an intermediate layer of ruthenium
film, a magnetic layer of a film of cobalt system, and a protective
15 layer of carbon protective film on a plastic substrate by a sputtering

method.

The magnetic layer contained 20 at % of platinum, 10 at % of

chromium, and 10 mol % of SiOz as a nonmetallic component, with
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10

15

20

As comparative examples, magnetic recording media having

layer constructions as shown in Table 9 were fabricated.

Table 9

layer construction

Comp Example 1

substrate / Cr-16W / Mag

Comp Example 2

substrate / Cr-16W / Co-42Cr / Mag

Comp Example 3

substrate / Cr-16W / Co-42Cr / Ti-10Cr / Mag

In the Table 9, ‘Mag’ represents a magnetic layer. Comparative

Example 1 comprises an underlayer of Cr-16W (Cr : W = 84 : 16) with

a bce structure, but lacks an intermediate layer. Comparative

Example 2 comprises an intermediate layer of Co-42Cr (Co: Cr =58

42) with an hep structure, but the spacing between (002) planes in

this intermediate layer is smaller than the spacing between (002)

planes in the magnetic layer. Comparative Example 3 comprises two

intermediate layers: first intermediate layer of Co-42Cr and second

intermediate layer of Ti-10Cr (Ti: Cr =90 : 10), but the spacing

between (002) planes in the first intermediate layer is smaller than
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1098& ()-. 1098& ()-

the spacing between (002) planes in the second intermediate layer.

The magnetic recording media constructed as described above
were subjected to measurements including coercive force He (Oe),
5 product Br t (G pm) of remanent magnetic flux density Br and
thickness of the magnetic layer, product Bs t (G um) of saturation
magnetic flux density Bs and thickness of the magnetic layer t,
squareness ratio S ( = Br / Bs), and coercivity squareness ratio S*
(tangent at the coercive force on the magnetization curve).

10

The results of the measurements for these magnetic properties

are given in Table 10.

Table 10
Hc (Oe) | Brt (G pm) S S*
Example 1 3,630 40 0.84 0.76
Example 2 3,670 40 0.89 0.73
Comp Example 1 2,010 60 0.86 0.80
Comp Example 2 2,840 70 0.94 0.77
Comp Example 3 2,380 50 0.82 0.67

15

As apparent from the table, the magnetic recording media of
Examples 1 and 2 have exhibited superior magnetic properties as

compared with the media of Comparative Examples.

20 The crystal structure, the principal crystal plane vertical to the
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1098&- ()- #3% 1098& ()- I111111 <l 109 #3% 1098& ()-  1098& ()-
1098& ()-  1098& ()- #3% 111119 & '1 El 109 #3 1098& ()- #3% 1098& ()-
1099& ()-  1098& ()-  1098& ()- 'lhil18mmi[:1 109 3""1098& ()- ( 3f
"1000& ()-3 39- #1004 ()- 3! 1008& ()- ' ,t$1008& ()- ~!10%84& ()-
mmmmmmbBl 1099 , E 10%4& ()- ,E 10%4& ()- ,E 10%& ()- ,E 10%&' ()-
F,)1099& ()- $f1099& ()- nn n-n.n3n=n{_?| 109% ,E 109& ()- ,E 1098& ()-

#3, BC ) , E dhili8ate-sufatB8)¥d the alignment of the crystal axis were studied
by X-ray diffraction and electron diffraction by the TEM. The results

are shown in Table 11.

5 Table 11
crystal principal crystal axis
structure plane alignment
magnetic layer hep (002) c-axis is horizontal
intermediate layer hep (002) c-axis is horizontal
Ta underlayer bee (110) nearly random

The crystal alignment of the c-axis to the horizontal direction
was revealed stronger in the magnetic layer than in the intermediate
layer.

10
Advantageous Effect of the invention

As described so far, a magnetic recording medium of the present
invention comprises a substrate, an underlayer with a body centered
cubic structure formed on the substrate, an intermediated layer with

15 a hexagonal closest packed crystal structure formed on the
underlayer, a magnetic layer composed principally of cobalt with the
hexagonal closest packed structure formed on the intermediate layer,
and a protective layer formed on the magnetic layer; and a relation
d1>d2>d3 holds, where d1 is a spacing between (110) planes of the

20 underlayer; d2 is a spacing between (002) planes of the intermediate
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Claims
1. A magnetic recording medium comprising:

a substrate;
an underlayer with a body centered cubic crystal structure
5 formed on the substrate;

an intermediated layer with a hexagonal closest packed crystal
structure formed on the underlayer;

a magnetic layer composed principally of cobalt with the
hexagonal closest packed structure formed on the intermediate layer;

10 and

a protective layer formed on the magnetic layer;
wherein a relation d1>d2>d3 holds, where d1 is a spacing between
(110) planes of the underlayer; d2 is a spacing between (002) planes of

the intermediate layer; and d3 is a spacing between (002) planes in

15 the magnetic layer.

2. A magnetic recording medium according to claim 1, wherein

further holds a relation 0.0 < (d1 - d2)/d1 <0.1.

20 3. A magnetic recording medium according to claim 1, wherein

further holds a relation 0.0 < (d2 - d3) / d2 < 0.1.

4. A magnetic recording medium according to claim 1, wherein

simultaneously hold a relation 0.0 < (d1 - d2) / d1 < 0.1 and a relation
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5. A magnetic recording medium according to any one of claims 1
through 4, wherein a material of the magnetic layer contains a
5 nonmetallic element or a nonmetallic compound in a proportion from

5 to 20 mol % with respect to content of the cobalt.

6. A magnetic recording medium according to any one of claims 1
through 4, wherein a material of the magnetic layer contains
10 platinum in a proportion of 10 to 50 at % with respect to content of

the cobalt.

7. A magnetic recording medium according to any one of claims 1
through 4, wherein a material of the magnetic layer contains a

15 nonmetallic element or a nonmetallic compound in a proportion of 5
to 20 mol % with respect to a content of the cobalt and platinum in a

proportion of 10 to 50 at % with respect to the content of the cobalt.

8. A magnetic recording medium according to any one of claims 1

20 through 7, wherein the intermediate layer is principally composed of

Ru, Re, Os, or Te.

9. A magnetic recording medium according to any one of claims 1

through 7, wherein the intermediate layer is principally composed of
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5 through 9, wherein the underlayer is principally composed of Ta, Nb,

W, or Mo.

11. A magnetic recording medium according to any one of claims 1
through 10 further comprising a seed layer composed of an
10 intermetallic compound with a composition of CoTi, CoZr, CuZr, FeTi,

or NiTi

12. A magnetic recording medium according to any one of claims 1
through 11, wherein a direction of magnetization for recording
15 information in the magnetic layer is horizontal in relation to the

substrate.

13. A magnetic recording medium according to any one of claims 1
through 12, wherein at least one of the underlayer, the intermediate
20 layer, the magnetic layer, and the protective layer is formed by means

of a sputtering method.

14. A magnetic recording medium according to any one of claims 1

through 13, wherein a thickness of the underlayer is in the range
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underlayer and a second intermediate layer with a hexagonal crystal

15 structure formed between the first intermediate layer and the
magnetic layer, and a relation d1>d4>d5>d3 holds, where d4 is a
spacing between (002) planes of the first intermediate layer and d5 is

a spacing between (002) planes of the second intermediate layer.

20 18. A magnetic recording medium according to any one of claims 1
through 17, wherein the underlayer consists of a first underlayer
with a body centered cubic crystal structure formed on the substrate
and a second underlayer with a body centered cubic crystal structure

formed between the first underlayer and the intermediate layer, and
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through 18, wherein simultaneously hold a relation 0.02< (d1-d2)/d1
and a relation 0.02< (d2-d3)/d2.
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