;edepxxy|{:{j}6}T}ktH A Magnetic recordi ng nedium Technical field of the
I n¥ention The present invention relates in general to a magnetic recording

5 mediumand in particular to a nagnetic recordi ng mediu
per pendi cul ar magnetic recordi ng systemthat is nounted %W@mmwm
recordi ng equi pnent such as external storage devices of .

Technical field of the invention A perpendicul ar magnetic reééH# ng system

is drawi ng att ' S .ternatj.ve to a conventional |ongi

magnet i ¢ recorﬁ%ﬁgﬁt%% n&{‘gﬁdﬁ% hi gher recording lmm&mmwmﬂﬁﬂA
crystalline filmof CoCr alloy systemis now mainly studi rial
for a magnetic recording |ayer of a perpendicul ar nagnetic reg®¥Wdi ng
medium |In order to use in perpendicul ar nagnetic recording, the crystal
ori ent at i onl'¢chnigalrBeldof sheninventionaxi s of the CoCr alloy system having
hcp structure aligns perpendicular to the 20 filmsurface (c-plane is

paral l el to thfhd present aaeention velgted tn Ptiavd 1o ahea ¢ récordine

CoCr alloy systemin the future, attenpts are being made for finer grain

o1 2o, TPOUE Bl 2 HHSHP LRI M Oh S e el el YRS Tneilnf Bo 625 11

magnetic interaction en grains. 'rng a

magneti c recordi | ayer structure to,.raise recosdi density,in a

'ongi t udi nBPTPERSHAN Y mAgnRTIGISeRng SYpteiBtnabls XaHHtEd 08 Japanese
Unexam ned Patent, Application Publication No. H8- 255%42 and United States
Pat ent No) msagneticrecording equipment such as external storage devices of

computers.

10 Technical field of the invention
A perpendicular magnetic recording system is drawing attention
as an alternative to a conventional longitudinal magnetic recording

system for attaining higher recording density.

15 A crystalline film of CoCr alloy system is now mainly studied as
a material for a magnetic recording layer of a perpendicular magnetic
recording medium. In order to use in perpendicular magnetic
recording, the crystal orientation is controlled such that c-axis of the
CoCr alloy system having hcp structure aligns perpendicular to the

20 film surface (c-plane is parallel to the film surface). In order to
achieve higher density in the CoCr alloy system in the future,
attempts are being made for finer grain size, reduction of dispersion
of grain size distribution, and decrease in magnetic interaction

between grains.



5 A rmagnetic layer in these references, generally called a granul ar
megnetic |ayer, has a structure in which magnetic crystalline grains are
surrounded by nonmagnetic and nonnetal | ic substance such as an oxide or a
nitride. Because the nonmagnetic and nonnetallic grain boundary phase
physically separates the magnetic particles in 10 the granul ar magnetic
film magnetic interaction between the magnetic particles decreases and

for mat on of, =AhARsE FAPRAPTRANERLS AOABHALPHLCAR LA AL AR, o
Che-gr anul SRISLEREITAINEJSRSIEY o JeBIus gl bFa0s dingomsiiog 1as Bee
per pendi cul ar magnetic recording nedium |EEE Trans. Mag., Vol. 36, p 2393
(2000), foflisslesptleforiexample, in gapanese Waexaminad Patentr Appdicationdi um

conprising a rutheniumunderlayer and a magnetic |ayer of CoPtCrO all oy

having a gPabliedtioty Net. H8-25684.2 andeUrtite dedtretescPaltensdier 5s679,478l

el ectromagneti c conversion characteristic are obtained as a result of the

N R e T A ot T

e“granu
| ayer, to N abouty 40 n Japanese Unexam ned Pat ent licatiqn

Publ | at | ol RENCIBOKE S AadS et GRRY°E SeRfF Thaheft BriecBhiifng
medi um conpri sing a n(gggggneti c underl ayer_ conposed a_ nmetal or an all oy

Qf
having a h@¥8goHoun Y poduaagnatis and nonmetalie substance suel asayer

conposed of a netal or an alloy having a face centered cubic crystal
structure aimpnnkejom@mtndmeﬁﬂmmayhe namtagneticlandrrronmeatadlicded an
excel | ent perpendi cul ar magnetic recording nediumeven in the case of a

very thin girhim@oundavpdshhsy Phypsicallyesyphbated ohal mdpedtiesaiclelen

under | ayer and the seed layer. Problemto be solved by the invention 15 In

order 10 aShARAsNA REABRRHICHIAL AROASINE iHP6PACLR FECKUTI

excel I'ent e conversrén c i€ uSing a granular
magnetic | ayer he_oxide such as Si Ca the .cobalt alloy that are

Contai nod iaBRetiSpgtticed fetsthsenatnd Jopinatsn’oha Agrikshaped magnet i c
film It is also inaprtant to, _suppress the 20 grain size distribution

i ncl udi ng &RagrRet Aemam yealingdaensition reglenr offaree $1§10d$ ses.

I ndeed | ow noi se may be achi eved by the structure in which the nonmagnetic
and nonnet stippregsedn Aclow argiseecharagtersstialisycohsidered to be attained for

this reason.

15

Combining the above techniques together, the granular magnetic

layer is proposed to apply to a recording layer of a perpendicular
magnetic recording medium. IEEE Trans. Mag., Vol. 36, p 2393
(2000), for example, discloses a perpendicular magnetic recording

20 medium comprising a ruthenium underlayer and a magnetic layer of
CoPtCrO alloy having a granular structure. Here, superior magnetic
characteristic and electromagnetic conversion characteristic are
obtained as a result of the improvement in c-axis alignment by

increasing the thickness of the ruthenium layer, which is an



separates the magnetic grains.. Nevertheless, if a nonmagnetic underl ayer is
deposited using a material wth hexagonal closest packed or body centered
cubic structure that has a spacing of lattice planes different fromthat of
the crystals in the magnetic layer by a 5 relative proportion over 15 %
the grain size of the magnetic grains in the magnetic |ayer cannot be
controll ed mﬁthout difficulty by depositing the nmagnetic |ayer on such a
nonmagnet i ¢_und ? cause oi i nferior tice natchl bet éﬁp
inder | ayer SnEEAREY R t5E“granfilat i ikhic Fte € Y paste HashBsas
acconplish further 10 |l ow noise in a magnetic recording nedlun1 it is
required tBprecisely control minute and uniformgrain size of the nmagnetic
crystalline grains. The present invention has been made in view of this
problem 15 and an object of the invention is to provide a nmagnetic
recordi ng nmedi um for perpendi cular recording systemthat allows effective

suppr essi on of J ﬁ?ﬁ%ﬁstUﬂE}ﬁimﬁhbﬁnPﬁ%émqﬁi‘pf)h@aﬂﬁ%‘ Ruslieasiors Nv. 200 1-

facilitating con reduction of grain size and deviation thereof. 20

Veans 150 SoBNBIna;dgRken TayBenmpll o v AEnabRYFe Ol &gjnfemetlc

recordi-ng fredium or a perp ¢ recor m according to

e AR R S R S A ey

4 nmetal or an alloy with a face centered cpglc | attice structure dlsposed
over the shesingta h@cagnmbnkzse@tmed swyetalisbructune andoa seed
alloy with a hexagonal closest packed crystal structure, a nagnetic |ayer
havi ng a glayet eonsposed ofa coetalsor mm alldy hamingwtﬁatéc:emtmedl dulpie

grains with a hexagonal closest packed structure and nonnmagnetic grain

boundary rgpyefhlodtriRt iy dbe e%l“béﬁ!éﬁ@h%é 'ﬂﬁ‘ldél"lhgﬁﬁg '“Shbh gtphighhiere

grains, a protective layer, and a liquid |ubricant yer

o the ”ﬁﬁﬁ#@éﬁ&?@"ﬂ%ﬁ&%ﬁ?@;ﬁ éﬁﬁﬁéﬂﬂigg%‘? ﬁf%@?@&%%@h@‘ ey eV
Total sol b diner FaE AE & RETY AancEIToet shSandorlAN R oF o Hesy B (R or
nore netals selected from Ru CB 15 and Re . Advant ageously, a proporti on
of crystal thickness nﬁth@rlgndermesamdthets&ednmegnet| c underlayer is not
| arger than 10% of whole crystalline grains in the nonmagneti c underl ayer,

and a standard 20 deviation of the grain sizes of the crystalline grains is
at nost 1.4 nm Advantageously, the seed |layer is conposed of a netal

sel ected f PogbTEm £y béogol\,%d bipghg inYerfthoa! | oy nainly conposed of one or

nore netals selected fromCu c} Igt and Ir, or an alloy mainly 5

conposgl of N rand. & to accomphsh a perpendicular magnetic recording
medium with excellent electromagnetic conversion characteristic
using a granular magnetic layer, the oxide such as SiOz and the
cobalt alloy that are contained in the target need to be well separated
in the laminated magnetic film. It is also important to suppress the

20 grain size distribution including extraordinary fine or expanded

particles, for reducing noises.

Indeed low noise may be achieved by the structure in which the

nonmagnetic and nonmetallic grain boundary region physically



A magnetic recording nmedium of the invention preferably further conprises a
nonmagnetic alignment control layer under the seed 5 layer and the
nonmagneti c alignment control layer is conposed of a netal or an alloy with
t he body centered cubic crystal structure or an anorphous structure. The
nonmagnetic alignment control |ayer is preferably conposed 10 of a
nonnmagnetic netal selected fromNb, M, Ta and Wor an alloy mainly

conposed o n r re tal.s sel ectedrrom Nb.1 My, .da and W _Th
Cventor s srBarates EBermRitic Hieih e NPRRNelshS, i 88 mteneficon by
grain size control of the granyl ar. magnetic |l ayer, jn a magneti ¢ recordi ng
medi um as H@%rﬁgxeragi@meémg Aelryaien; Wg}d‘lgﬁxagﬁnﬁﬁi@i@ﬁi%ﬂess of
depositing the magnetic |layer, a cobalt grain grows correspondin% to a

cryst al | i npapkeasleor bodyecenterearh evibdc wtdactuye thaitthas shepagimgiofdnbdtiest
packed structure, 20 which is the sane as the structure of the

ferr omagneplgnes yiffdrentefromithdtiof bheagrthls ihaher magetic laiedeby a

preci pitates corresponding to a porous region or an anorphous phase 1 n the

under| 87" xe CSEHRANIORIRRL £8P LB PRI S5c 8P 1B ARLBAGE B i
orane 2 eegR AL b Lo LSS IE) RS BSIPIEST S

magneti c Iayer can be controlled_by the crystalline grains of _the
nonnmagnet i 6epogtiing the megmeatic 1ajges on sycheamonmagnretigindentayary t ne
anor phous ghase surrounding the crystalline grains, the structure of the
magnet i c | heeaulsel of Bxferceniatticematohohg detveeem dhet undertaydi mndtHeum
wi th excellent performances. 10 This nonmagneti c underl ayer provi ded under

the granul arygeiingtaing iy theCRiMgREBict g ey, YThRIt 1, ﬁzbcéetfcﬁn?ﬂib}i figrtleeet ur e

of the magnetic layer by difference in gromh nechanismof the thin filns
bet we on I i ZegoTme]clel: j: i :

nder 19y er IORCRGISEIE A bt AERC L it ding oD 615 rEAER0 18 bécisely
columar structure .in the thickpness dir.ection a porous or_grapul ar
Structar e conEral Rt AndowaronR SR gbthe Jabgnatie crattalinéne o
the crystalline grain of the nonmagnetic underlayer and an a-axis lattice
constant oBramdscrystalline grain of the nmagnetic |ayer is necessarily not
| arger than 10 % In that degree 20 of m smatching, continuity of the

crystal lattice can be held in the epitaxial growmh of the nagnetic | ayer
filmfromthe crystalline grains of the nonnmagnetic underl ayer. Wen the

grain sizes of G it [ i r hS

control |l ed sucgq?ﬁgt é?%fg@s#ﬂgggtg?gn@? Q{ﬁﬁ%ggggﬁgﬂ%@r Wg% %fqynr%dsl’ not

more 4N And hrYobject of the invention is to provide a magnetic recording
medium for perpendicular recording system that allows effective
suppression of magnetic interaction between the magnetic grains by

facilitating control of reduction of grain size and deviation thereof.

20 Means to solve the problem
To accomplish the above object, a magnetic recording medium for
a perpendicular magnetic recording system according to the invention
comprises a nonmagnetic substrate and layers sequentially laminated

on the substrate, the layers including a seed layer composed of a



10 %-of the whole crystalline grains in the underlayer, and the standard
deviation of the grain sizes is not nore than 1.4 nmthe crystalline grains
in the magnetic |ayer with excessively fine or expanded grain size
decrease, to obtain a nediumwi th low noise. 5 In order to principally
control alignnment in formng the granul ar nmagnetic |ayer conprising
ferromagnetic crystalline grains of a Copt alloy wth a hexagonal cl osest

packed (hc Hructur - RO ef | nder .l o] fq: I
b anal 1 et Pt ok Bitly SRR L RrdRaF bR labficBARRaE 8 iRpURkE o
a metal or an alloy with a face centered cubjc  (fcc) crystal, sfructure is
furt her pr%‘&?ﬁéhﬁ%‘&bﬁﬁ@f@, anBenmagnetly undetlayer qomposed ek araetaher
nonmagneti c re?ion and the ferromagnetic crystalline grains in the granul ar
magnet i ¢ | anaalloyavitls al hekagonal atlosest ddageystadretrustiorer ovad in
c-axis alignnment in the vertical direction with respect to the film

surface, tmabhetic IMBer hateed a Beaanudarastireichandi corsstitayogt i ¢ recordi ng
medi um wi t h excel | ent performances can be easily obtained by taking this

| ayer 20 ] i ! r ] i a
medi um%of S{%Ig%it‘ﬂnégﬁlte i%%tga nslelgft}éggtk ?gn é'é’?’rrp ?fﬁ%%%ggﬁag%éég%ggﬁéggggti on of
t he manuf act uri,ng. progess. can he. achi eved. Mpreover, .a sybstr.ate can be
mde usi nggiisuie B BAnAiAeRE EeRLat il Ry eeidn R AT K060 T onal
al um num and gl ass . sub trFtes. 8 Bri ef ggﬁgri ption of drawings Figure 1
i s a schen®QIrOQUNgIng Pramagnetie cistabvae grainss apret@esive layer,
recordi ng nmedium according to the present invention. 5 Figure 2 is a
schemat i c andsa lsguid dubticarsdagermnot her embodi ment of a magnetic

recordi ng medi um according to the present invention. Figure 3 is a graph
showi ng the grain size distribution of the magnetic crystalline grains in
the magnetic layer in Exanple 5 10 according to the invention. Figure 4 is

a TEMyi e shayw ' : [ cordis

redt umd 1 xS Bt Bl o eghbb 6F MiBntarcHingd BEEKeeh AR
lattice constant of the nonmagnetic underlayer and an a-axis lattice
constant of the magnetic layer is not larger than 10 %, and the

underlayer is composed of a metal selected from Re, Ru, and Os, or an

alloy mainly composed of one or more metals selected from Ru, Os,

15 and Re.

Advantageously, a proportion of crystalline grains larger than 8
nm in the nonmagnetic underlayer is not larger than 10% of whole
crystalline grains in the nonmagnetic underlayer, and a standard

20 deviation of the grain sizes of the crystalline grains is at most 1.4 nm.

Advantageously, the seed layer is composed of a metal selected
from Cu, Au, Pd, Pt, and Ir or an alloy mainly composed of one or

more metals selected from Cu, Au, Pd, Pt, and Ir, or an alloy mainly



15 Aspects of enbodi nents.of the present invention Now, aspects of

enbodi ments of the invention will be described in detail in the follow ng
with reference to acconpanying drawi ngs. The parts with the simlar
function are given the same synbol in the drawings. 20 Figure 1 and Figure
2 are schematic cross sectional views illustrating the construction of
magneti c recordi ng nedia according to the present invention. Figure 1 is a

schemati c j (Y of a perpendi cul ar magnetic recordi ng nedi um
EbARoSEE N guid FE.

of an enbo nvention. The perpendi cul ar magnetic
recordi ng nmedi um conprises a nonmagneti c substrate 101 and a seed | ayer

103, a nonmagnetic underlayer 104, a magnetic |ayer 105, a protective |ayer
106, and a liqyid lubricant |ayer 107 _sequentjally formed on the sybstrate
101. 5 A per pezdma.gaetwamn ngemedivny ok theinyeniion nefenably gunth@r
the invention is also disclosed here that conprises a nonmagnetic substrate

204 and a comprisesi & rongagEtic alignimény eontdl layesranderythe 222d a
nonmagneti ¢ underl ayer 204, a 10 nagnetic | ayer 205, a protective |ayer

206, argl alay@pighd thel AGAMASHEEICCAR %ﬁttécﬁiﬂml'lﬁggi‘%%rﬁpogﬁﬂ of a

substrate 20¥ Nonmagneti ¢ substrate IOl and 201 can made o

s 15 useanintal QLT sy aith Yk BEFhihik Pupic thbEeal S iRor A

is not required,,a substrate can al so be used that is nade by injection
mol ding a BFEQ?P@OP@ﬁWu&H@ﬁ- as pol ycarbonate or polyol efin. The magnetic
| ayer 105 and 205 is a so-called granular nagnetic 20 | ayer that consists
of ferromagnetic crystalline grains and nonmagnetic grain boundary region
conposed of an oxide or a nitride of a netal surrounding the ferromagnetic

crystalline grdhe nounlagnettic edignment coatfeblayet sl phyfaierdsls ¢omposed
enpl oying a sputtering nethod using a target of a ferromagnetic netallic
substafge of a nonmagnetic metal selected from Nb, Mo, Ta, and W or an alloy

mainly composed of one or more metals selected from Nb, Mo, Ta, and

W.

The inventors of the present invention have studied on noise

15 reduction by grain size control of the granular magnetic layer in a
magnetic recording medium as described above and found the
following fact. In the process of depositing the magnetic layer, a
cobalt grain grows corresponding to a crystalline phase in the
nonmagnetic underlayer with a hexagonal closest packed structure,

20 which is the same as the structure of the ferromagnetic crystalline
grain in the magnetic layer, and an oxide precipitates corresponding
to a porous region or an amorphous phase in the underlayer.
Consequently, excellent performances can be achieved by controlling

the grain size of the nonmagnetic underlayer.



10 -+ containing an oxide.constituting the nonmagnetic grain boundary
region, for exanple. The granular structure can alternatively be deposited
by a reactive sputtering nethod in an argon gas contai ning oxygen using a
target of a ferromagnetic netallic substance. 5 A Copt alloy is favorable
for the material conposing the ferromagnetic crystalline grains. A Copt

all oy containing an additive elenent selected fromC, N, and Ta is

particularly i C k8. DQUIRE i Ah: 09
Phe nonmagnot | €15 aNInh iR BEfRRIR e ffnl Pyb it BRATHED,
selected fr C, Co, SI,, A, Ti,,Ta, an r.is desirable to form
Stabl e gr MLFRE BeRDiagREtioBdklAGeT EAD R HtCACbY SRICTERGCAS EnEeSuh ovs
sufficient head output and resolution at read-back_of records., 15 The

prot ect i vetherystabgrowtinef the magneticdayiernamibe gontrglted byothear bon,
for exanple. The liquid lubricant [ayer 107 and 207 can be nmade of

per f | ur opotpestzdiinapradagiof ther nexarabaetid enskadalyeycholdhgtthe203 and

tEe nonmagnetic underl|ayer 104 20 and 204 are described in the follow ng.
Wt h”grﬁrﬁ_ﬁ’%‘éi?é%‘r*‘éc 32%2%“?%%%?&%@???5% ¥§?2?%&??’3§%% PR %??%‘?Qdﬁ‘%"ly
composed bt 551 ANTRE orelien be st Ritu®; ofhednteiotid o flr Hlpfan™ ¥

controlling 11 _ alignnent ,of the granul ar netic _|ayer., The degree of

m smat chi ngoamlé@d, TaoblaiRi & MAgHestc FopRIGME medﬁm&ﬁﬁh@mﬁfent

under|l ayer and the a-axis lattice constant of the magnetic |ayer is

pr ef er abl ypeoformagmwest han 10 % The seed layer is preferably 5 conposed of
a netal or an alloy with the face centered cubic (fcc) lattice structure.
Specifically, the seed layer is preferably conposed of a netal selected
fromCu, Au, Pd, Pt, and Ir, an alloy nmainly conposed of one or nore netals

sel ecyqg, {1 om PhishonfthgRbticafidbilaféy Povide FRABHAIROpRATEGP! N and

Fe. 1 en the's Wth't ice structure posited on
the substrate, fcc {111 | ansg, ich i he cl.osest _pagked lattic | ane,
Londe o oRbseneE laver oPnerds (iR trustal AfulcRiRtanbiiie bautibe E e ¢
under| ayer, which, has the f¢c structure in the inyvention, 15 is depgsited
on the seemaa;;@mcafaw ﬁg élféeﬂgem%mc&rquth)mgp ,1smpf(t31¢z§hm Beer

t he underl ayer, which takes the best matching with the seed |layer, tends to

grow al i gnbegweerabiethe eryséallihengraihaand dhahe aeorphotiaregigneir the
| ayer is deposited on this nonmagnetic underlayer, the netallic crystalline

grains in LirlemEapell CAbéMPﬂir?%lﬁ&gl}éanh&ﬁaE%ti@Qﬁic}efig%?@g?rﬂéﬁkaﬁly has

parallel to the fil msurface, Thus, an exce pendi cul ar

magnety 1 aCASIURR AP MIBLAR BF tAR HiBk%ress direction and a porous or

granular structure. The degree of mismatching between an a-axis

lattice constant of the crystalline grain of the nonmagnetic
underlayer and an a-axis lattice constant of the crystalline grain of
the magnetic layer is necessarily not larger than 10 %. In that degree
20 of mismatching, continuity of the crystal lattice can be held in the
epitaxial growth of the magnetic layer film from the crystalline grains
of the nonmagnetic underlayer. When the grain sizes of the
crystalline grains of the nonmagnetic underlayer is controlled such

that the proportion of the grains larger than 8 nm is not more than



1

When the material for the seed layer is selected froma netal 12

including Cu, Au, Pd, Pt, and Ir, an alloy mainly conposed of one or nore
netals selected fromcCu, Au, Pd, Pt, and Ir, and an alloy mainly conposed
of Ni and Fe, and at the sane tine, the material for the nonnagnetic
under |l ayer is selected froma netal including Ti, Re, Ru, 5 and Gs, and an
alloy mainly conposed of one or nore netals selected fromTi, Ru, and

Re,
Gs, th t t tal t ghi t h I dth ti
inder | ayer 1ihi pEeBR TS AdetaliBe et ama i the Rl IRyt ahidH Sy er and
th I i.c |ay favy bl e. Thus, i
per pendi culkANARgRbHEYIationsobE he Er atius RS net ere than 1Thnmadbe of

the seed layer is favorably at least 3 nm nore favorably at least 5 nmfor
control | i ngrystallmetgrainshisn the maggetetic lager witd excessividytfinelayer
per pendi cul ar magnetic recording 15 nediumthat is provided with a soft

magnet i c bg@d;imdéay@ramngﬁre &I—E‘@reﬁ?@; tPYBtain @?%daic | #ith 16% Hogsence

between th ecording layer and t oft magnet| Ing layer 1s desired
as thingas possible. Accordingly, the thickness of the seed | ayer is
required thinnest as long as the alignnent is well controlled. 20 Thickness
of the nonmagnetic wnderl ayer .is,favorablyy at | east .2 am _ nore,favorab at
least 5 nm for LEoRFASE tPRF GiBARtoRFrallaligpmERk i ietig the granylis

t he purpose of decreasing the distance between the recording | ayer and_t he
soft magnetinagnetie Agyerwomprising fanvemsagaesic crpstalline grajes of a CoPt
per pendi cul ar magnetic recording nmedium and al so for reduction of

manuf act ur ialjoy eeith aleexapohntedosdést packednflunet structueel sher is desired
thinnest as long as the alignnment is well controlled. 5 A double |ayer

per pendi CUII?%I}Wé%i% RERTMA W 1 EbHIHHEYd teP&ﬁQt'&PSr %%@g&iﬁﬁ tH t

magneti c al cc striucture a so magneti c | ayer, or
provi di Ag i i | i i i I upper nost
ort 1 obOr gt cluptalfindtiie; ol el pied TayeFtifinghel o S HRhT O E e
nonmagneti c ;under | ayer, can be, perfor ned regarding these tcg alloy film
as a seed | .Wﬁﬁgaﬁaﬁ%%@t‘g‘&i\égﬁ@ IIE&‘? é@‘%ﬁ@ﬁL@%&?@rQﬁ%%ﬂﬁ@% ft
magneti ¢ backing |ayer . can be made thin essentially to the thickness of the
nonnagnet i Providedayiadertthe undedayeror By einiaiepehthtsistruaBineadie i ¢
recordi ng nmedi um can be produced.

nonmagnetic region and the ferromagnetic crystalline grains in the

granular magnetic layer that is laminated above those layers are

15 improved in c-axis alignment in the vertical direction with respect to

the film surface, to obtain more effect.

Because a perpendicular magnetic recording medium with
excellent performances can be easily obtained by taking this layer
20 structure, substrate heating is not required on laminating a medium
of the invention. Consequently, simplification and cost reduction of
the manufacturing process can be achieved. Moreover, a substrate
can be made using plastic, which is inexpensive substance, as well as

conventional aluminum and glass substrates.



The nonmagnetic alignnment control |ayer 202 is described bel ow. The
nonmagneti c alignment, control |ayer is necessarily conposed of a netal or
an alloy with a body centered cubic (bcc) lattice structure or 20 an

anor phous structure. By providing such a |ayer, the fcc (111) alignnent of
the seed layer is nore enhanced | eading to better alignnment of the
nonnmagneti ¢ underl ayer, through which performances of the magnetic |ayer
can be inprpved., This effect ,is fully achieved by using a naterial with a
bce latti cglgﬁf@@@&%?tlw ot éﬁ%ﬂlﬂ&%l ly a nonnagnetic netal selected from
Nb, Mo, Ta,_..and .or a onn&%getic al | oy nainLy cogposed of _one orfnore
metal s sel dogsaer } dmaschematig crose sectienal view of em embodipastof a
structure including NP and CoZr are also favorable. 5 The thickness of the
nonnagnet i anagngticrecerdimngméediem ascordmgboythe present Inwention.e
favorably at least 5 nmfor controlling alignnent of the seed |ayer. 10
Production process of a nmagnetic recordi ng nmedium having a | ayer structure
as descri bed above and shown in Fig. 1 or Fig. 2 nay omt a substrate

heat i nge st tol:g € i al: i cOonV, i ti.e recondi i #m
Becausd an THR0IR! 2,8 £ P AR Gotseanivhhl aewiPRA Tt he Pk e Sht ot
obt ai ned even if the heati step,.15 is om{.ted e production pr.ocess can
o i pl | { PolSERe PR GIIIDE BIGBSN Sesprsingst¢B8 DEFHEeH TSRt
substrate heating allows the use of a nonmagnetic substrate of a resin
material, such as pol ycarbonate, polyolefin, or the like. 20 Exanpl es Sone
exanpl es of preferred enbodi nents of the present invention will be

descri bed iFiguree3ddstaigiraplt Bhoefigreethe diainheizacdstpibution df shvengs. 15

Exanple 1 A resin substrate of 3.5" dianeter disk was used for a

nonnagnet i %ag@@ti@b sﬁiltlﬁ'iegx‘%% 5rigy the Akl yRin Bkhdpked into a
sputtering appar at us?yA nonma netPc g]Ichgnmen cont r%yé\?ayer é OP anor phous
Ni P 5 t hi i t. the argon gas pressure of 5 niforr. After
form ng(ma %&3@”&2’38%@%@&%&’3ﬂ%m the 5 nmthickness, a nonmagnetic
underl ayer 20 nmthick was deposited at the rate of 2.3 nm sec under the

di schargi ng argon gas pressure of 30 niforr. The nonmagneti c underl ayer was

f or med usirng_atitqnium . ) )
igure 4 is a TEM image showing the sectional structure of the

magnetic recording medium in Example 5 according to the invention.

15 Aspects of embodiments of the present invention
Now, aspects of embodiments of the invention will be described in
detail in the following with reference to accompanying drawings. The
parts with the similar function are given the same symbol in the
drawings.
20
Figure 1 and Figure 2 are schematic cross sectional views
illustrating the construction of magnetic recording media according to
the present invention. Figure 1 is a schematic cross sectional view of

a perpendicular magnetic recording medium of an embodiment of the



10 al-loy containing 10 at% of C Ta Re, or Ru. Subsequently, a granul ar
magnetic layer 30 nmthick was formed by an RF sputtering nmethod using a
target of Co76Cr12Ptla containing 10 nol % of Si02 under the discharging
argon gas pressure of 5 mlorr. 15 After lam nating a carbon protective
| ayer 8 nmthick, the | am nated substrate was taken out fromthe vacuum
chanber. Finally, liquid [ubricant was applied to forma liquid | ubricant

| ayer 1.5 nm thick. us, a magpethc. recordi.ng nediwnas shown in Flg, 2
was pr oduchiventigh., THE peteigiskfr SRR sEFRH S bafdDith, pEnbirlsed
executed. Table 1 shows netic grgpertées, e(ﬁctro etic conversi.on
char act er | 8tReBMagRetssuhebiAecd0 y G BySerq 1a¥er| ,(&mnmagwlc
magnetic recordi ng medi um of Exanple 1. The table shows an 16

el ect r onagngrderlayevei(4,0a magmetiedayerd Ghda gricdective aydnlObhand a
conpare effects to the nedia performance caused by differences in the

nonnmagnet i Eiqgﬁdeldb*bi@bntﬂ@?ﬂe& 107nsRjhen sy f6Bhed\bn the substrate 101.
(dB) 0650Ti - 10at %Cr 2, 0600. 7813. 910. 6Tal, 2200.2510. 221. 9Re4

9000. 8¢16. 05. ORu4, 8000. 9515. 75.2 5

A perpendicular magnetic recording medium of another
embodiment of the inventioﬁ is also disclosed here that comprises a
nonmagnetic substrate 204; and a nonmagnetic alignment control
layer 202, a seed layer 203, a nonmagnetic underlayer 204, a

10 magnetic layer 205, a protective layer 206, and a liquid lubricant
layer 207 sequentially laminated on the substrate 201.

Nonmagnetic substrate 101 and 201 can be made of a NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, which is
15 used in a usual magnetic recording medium. Because substrate
heating is not required, a substrate can also be used that is made by

injection molding a plastic resin, such as polycarbonate or polyolefin.

The magnetic layer 105 and 205 is a so-called granular magnetic
20 layer that consists of ferromagnetic crystalline grains and
nonmagnetic grain boundary region composed of an oxide or a nitride
of a metal surrounding the ferromagnetic crystalline grains. Such a
structure can be fabricated by deposition employing a sputtering

method using a target of a ferromagnetic metallic substance

10



Specifically, Table 1 gives coercive force He and squareness ratio S of the
produced nedi a neasured:by a vibrating sanple nagnetoneter VSM the

'signal -to-noise ratio SNR as a recordi ng performance nmeasured at the |inear
recording density of 400 KFCI by 10 a spinning stand tester equipped with a
GW\R head, and a half width 06so of a rocking curve of the hcp (002)
diffraction line of the magnetic |ayer obtained by an X-ray diffraction

nmet hod. The vaI uatlon reqults depopstr d t hat SNR, _and al i

nave  ipr il sdp Lt §Ehe nonfadReriderait boli EENET

m smat chi ng 15 between th Is lattjce constant of na}fe nonma netic
under | ayerfegign; For expmdle ar eegmgi%ﬁ teactuke pagrriteenaiivg 2157 8€ not

| arger than 10 % Exanple 2 20 A nedium of Exanple 2 was produced in the
sane rrannaiepes1tedﬂxyra)rea¢tmeputtemngﬂmh£ meta 1w argoer gageontaining
conposed of 17 rutheni um and no | ayer was deposited over the underlayer.

A nonmgn%xyigelﬁﬁl@ém@'arta%%emmft Q'fékr@ﬁﬁaéﬁém%@taWHé@Bﬁta@c@Wt tering
met hod at the deposition rate of 4.2 nm sec under a di scharging argon gas

pressuge of 70 mlorr. Transm ssion electron 5 mcroscope (TEM observation
of the cross section of the produced nedi um reveal ed col umar crystal s and

porous structu t t| on,ver to the ubst rate. e col umar
crystals were %eggﬁ&é{ﬁ a\motr £ f@f&&%%?ﬁ'ﬁl # GPTIPRSNE 35 abnor mal
expansi on during the gr ovvt h pr.ocess. 10
erromagnetic crystalline grains. A CoPt alloy containing an additive
element selected from Cr, Ni, and Ta is particularly desirable to
reduce media noise. For the material composing the nonmagnetic
10 grain boundary region, an oxide of at least an element selected from
Cr, Co, Si, A}, Ti, Ta, Hf, and Zr is desirable to form a stable granular

structure. The magnetic layer needs a thickness that allows

sufficient head output and resolution at read-back of records.

15 The protective layer 106 and 206 can be a thin film mainly
composed of carbon, for example. The liquid lubricant layer 107 and

207 can be made of perfluropolyether lubricant, for example.

The seed layer 103 and 203 and the nonmagnetic underlayer 104
20 and 204 are described in the following. The nonmagnetic underlayer
is necessarily composed of a metal or an alloy with a hexagonal
closest packed (hcp) crystal structure. Preferable material includes a
metal selected from Re, Ru, and Os, or an alloy mainly composed of

one or more elements selected from Re, Ru, and Os for controlling

11



Initi-al stage of the deposition process did not generate an "initial growth
| ayer”. Pl anar observati on was done by the TEMto neasure grain sizes.
Average grain size was about 6 nm The distribution of the grain sizes was
a normal distribution and the standard deviation 15 was 1.8 nm Here, the
standard deviation in this application docunent is defined to be a square
root of an unbi ased di spersion of the distribution. For the purpose of

decreasing _grain siz of the grystallin rai ns,m20 the depgsition rate
s cont r oRfenmens S e eran it wignsticdalisds THAACERERE  he thi ckness
of 20 nm under the di sggargi ng ﬁrgon gas, pressure of 70 nl'[lgrr. TEM ]
obser vat i omigmatehing betwwan thexa-axie lattigencensignighéhecnonmagnotic
filmshowed porous structure with columar crystals in the direction

vertical tunderlaybstarad ¢heThexii’ lattidaiconstany of dhe mmgneticdayed igr own
wi t hout extraordinary growh such as abnormal expansion during the growth

process. Aprefe¥dblg not ket 3ham lwa%.ﬂqthébéédrlﬁ?e&'rist ferabilgp! stage of

t he deposition proCess. Planar observation was al sO conducted by the TEMto

5 . . e .
bi ot r bt SnEpfofd of A ffetal B AEERNSS, Hifh Y ERod BRI Eed angar g
devi at i f. 1.4 Thus, d [ f . th i [ i t qf

ar ai 0 si 2elATER SEFHBHTOn SHPGHSAT S FeRd AV ETHER 2 Ay CHEBOSG
controlling the deposition rate. Exanple 3 A nedium of Exanple 3 was

produced i of ehmetaksealaated faem LCusAmdid) Pt2andIndanaklop mapply ti on

process of the nonmagneti c underl ayer. Each of nonmagnetic underl ayers of

rut heni um sempleged iofathé orvaoreundthils sedsctes] fsorm SwytAay Py Betand Iat,

the deposition rate of 20 4.2 nm sec under discharging argon gas pressure
of 70 niror by 5 &llby MEMMEES of Y aqlFnar i mage anal ysis using the

TEM for the underldyers w'th the thicknesses of 5 nmand 50 nmresulting in
t he avlbeq]age grain sizes of 5 nmand 8 nmrespectively. The both
distri'butions of grain sizes were nornmal distributions with the 19

Structure of  NEDGR: the seed Bhewow 16h thhare Httace SEEUerireis danasited ogu h
{i oS, andtherubstutendoe (Vhihplenerovhich is the leeestparkadiatticon-
plane, tends to grow aligning parallel to the film surface. When the
nonmagnetic underlayer, which has the fcc structure in the invention,
15 is deposited on the seed layer aligning along the fec (111) plane, hep
(002) plane of the underlayer, which takes the best matching with the
seed layer, tends to grow aligning parallel to the film surface. When
the granular magnetic layer is deposited on this nonmagnetic
underlayer, the metallic crystalline grains in the magnetic layer
20 grows with hep (002) plane aligning parallel to the film surface, as

well. Thus, an excellent perpendicular magnetic recording medium

can be obtained.
When the material for the seed layer is selected from a metal

12



rate-of 2.3 nnisec and with the fixed filmthickness of 20 nm Gain size
anal ysis was made on the. planar TEMinmage. Average grain sizes were 8 nm
and 5 nm respectively. The grain size distribution 10 was a nor nal
distribution in both cases. The standard deviations were 2.4 nmand 1.9 nm
respectively. The observed sectional structure showed columar structure
and no initial gromh [ayer. Analysis by X-ray diffraction and the TEM was

made on th r L ali of ese_nopnagnet.i ¢ _under | aygr and
Choved t haintRading I, A PP, And 18 ErANBp I bty kD EheSt Aidt ol dr. o
Al t hough clear difference in the alignnent_cor esplgaii ng t(f each deposition
condi ti on wAgradgnetals selacteddrom Cun Ao, Prl éj’naﬂ rzand aa alleyamalaly o
| attice defects or crystal grovvth in the cases of 20 thicker film and

hi gher gas cpnepesed.ofAd1 Héyean dbmty €heigamastimeenthhe mhaterrhltfoatthe
structure control of the underlayer is possible by controlling film

thickness aighmdaaseticasederlay is s¢hpied fromf el ihdidimgerd ReécRuy,

magneti c di sks fabricated by depositing a cobalt alloy nagneticC | ayer on

th I . X . .
ws doposi Caf TECARE 48 dHETI ALy Copi 0N A ofBEGE inor® ool Bl

t t teal ni | % of ; 8 02 .di sch '

of & morr TR [ itralnaic QmdheBbe battich Fnfdnng bRORREBORRceD
t hi ckness deposite t the depositing rate of 4.2 nnisec, under the

di schar gi ngaaegcangatglepnegmagn@rmundmlay@g ard dheplattice matghmgo 2.
After depositing a carbon protective layer 8 nmthick on the magnetic

| ayer, t he Hetween dhesnbamagaetes uradderiayetr dndbhichgranalammbgmiedic
Applying a liquid lubricant to the thickness of 1.5 nma magnetic recording

medi um as 4hgen d¥e Mhére ?aV‘@faBIeP.dg‘mﬁis, SUPeric pelpehticuliy Aaghetite

deposition process was not executed.
10 recording medium can be obtained.

Thickness of the seed layer is favorably at least 3 nm, more
favorably at least 5 nm for controlling alignment of the nonmagnetic
underlayer. In a double layer perpendicular magnetic recording

15 medium that is provided with a soft magnetic backing layer under the
seed layer, in particular, the distance between the recording layer
and the soft magnetic backing layer is desired as thin as possible.
Accordingly, the thickness of the seed layer is required thinnest as
long as the alignment is well controlled.

20

Thickness of the nonmagnetic underlayer is favorably at least 2
nm, more favorably at least 5 nm for controlling alignment of the
granular magnetic layer. For the purpose of decreasing the distance

between the recording layer and the soft magnetic backing layer in

13



15 TEM observation on the surface of the magnetic | ayer of the obtained
magneti c recordi ng medium confirmed a granular structure with crystalline
grains in the nagnetic |ayer surrounded by nonmagnetic grain boundary
region. Lattice inmage observation 20 revealed that the cobalt alloy grain
was crystalline and the grain boundary regi on was anorphous. Mean di stance
between the crystalline grains was 1.5 nm and the standard devi ation

t her eof wa .0 nm Mnal ysi sy onthe grain sizesdistribution of the magnetic
| ayer of Earssof i e dhie 1oy Sy Hmbiihor asthie 2eBhrdS nm and 21
8 nmin the grain size. Avefage graji.n size of the crystalline grains was 6
nm and ther%edmm,oangﬁépi rarbiaion ot man uEACtNENE 00st  the Hﬁmrkmsﬂoy
standard devi ation divided by average grain size was 0.4. 5 TEM observati on
of secti onaf téer nonmaguetihundeplayer 1sajesirddnthnsinesteas dongi asidheon of

| attice between the nonmagnetic underl ayer and the magnetic |ayer and

epi taxi al altimenit i dtheoeitirslledyer from the nonmagnetic underl ayer. It
was al so 10 denonstrated that the crystalline phase and the grain boundary
phase gtew by different mechani sns and have different metall ographic
textures. Half width 06so of the rocking curve of hcp (002) diffraction
line of the magneti g .l ayer obtained.by, X-ray diffracti was b5,.2 degree

whi ohconf 1 redk Anxihleden PemeRtic s Aiene tic iy fnd e diunsbay be
magnetic fil mwere nmeasured_hy the vibrati ng sanpl e magnet oneter (VSM,
resul ting iProdicasbaisinge l%eesaft m@gneélcaaﬁotvh\mth@at struetyre fr a
whi ch is an index of squareness of MH hysteresis |oop, of 0.9. These

val ues confsoftredagnesipbackingdgyetri orperévidingeashifinibml of thelskedNifet he
i ndex of squareness (indicating nearly square loop) is a result of

reduction igoft hgapheti@allcgnohahie apparanekt Hortich I threseftritpgnaticch is

caused by nodification of a growth fmechanismof the nagnetic layer. In the
gr owt c ns et | j i J i C
oryst i noaHe Lyt MNERfibhent SETrblof ¢l BYfifh s Rstic Gyl ofBF oaH
rut heni um ynder | ayer Vi n orpus structure,.,the.grains of the undgyl ayer
bei ng. or owDEPERIRMEH Y e BRetacEn F6s Sl TUE RS SREd-RIAT-d ey
the growm h process.. Each magnetic 5 grain is surrounded by nonmagnetic
grai n boundksyanegiketwaendhe necording layer and thesoft anagneatiobaaking
favorabl e isol ation. Exanple 5

layer can be made thin essentially to the thickness of the

nonmagnetic underlayer. Thus, more favorable perpendicular

15 magnetic recording medium can be produced.

The nonmagnetic alignment control layer 202 is described below.
The nonmagnetic alignment control layer is necessarily composed of a
metal or an alloy with a body centered cubic (bce) lattice structure or
20 an amorphous structure. By providing such a layer, the fcc (111)
alignment of the seed layer is more enhanced leading to better
alignment of the nonmagnetic underlayer, through which
performances of the magnetic layer can be improved. This effect is

fully achieved by using a material with a bcc lattice structure,

14



Deposition processes in Exanple 5 were conducted in the sanme 10 manner as
in Exanple 4 except'that:the depositing rate for the nonmagnetic underl ayer
of rutheniumwas controlled to 2.3 nnisec. Thus, a magnetic recording
medi um as shown in Fig. 2 was produced. Substrate heating was not
conducted. 15 TEM observation on the surface of the obtained magnetic |ayer
confirnmed a granular structure with the crystalline grains of the magnetic
| ayer surrounded by nonmagnetic grai n, boundar i 0 Latti i ma

obdervat | oADREHISRLY & MRt AL Rt oA S9igrtach e Nk, M, AR ar
grai n boundary region was_anorphous. Mean 20, di stance between the magnetic
cryst al | i n@ poamagnedia abloynmainlyheoniposed of one ar imare metalks selected
nm Average grain size of the magnetic crystalline grains was 5 nm and the

standard dévont Nis, MerPaf aweb WiboMaterials #ath dhamorphows stmesuire of

the grain size analysis on the magnetic |ayer of Exanple 5. The grain size

di stributi Qﬁcys@éiﬁgm&dji@ézf BYbl FROMdordlsledevi ation defined by

standard devi ation by average grain size was 0.2. 5 Fig. 4 shows a
sectional image of the nonmagnetic underlayer and the magnetic |ayer of a
magneti C recordi ng nmedi um of Exanple 5 obtained by the TEM observation. The
TEM observat i og,,denmpnstrated continuation of |aftice between .the .
nonmagneti ¢ 10 TeidhickBesaof thRmonmagaietic alignmeniosontioldgvendsa
growt h of the magnetic layer fromthe nonmagnetic underlayer. It was_al so
denonst r at édvonably iad }aaastt&mmnenphai'avama%ﬂyiatg}eaast b aumdforycoitrod ligygew

by different nechani sns and had different netal |l ographic textures. Half

wi dt h 06so adighhterivokithe @@@&Q?(Vér.hcp 15 (002) diffraction line of the
magnetic | ayer 402 obtained by X-ray diffraction was 4.9 degree, which

confirmed excellent alignnent. Magnetic performances of the magnetic film
were nmeasured by the vibrating sanpl e magnetoneter (VSM, resulting in the

coer ci 20 forge 5.0 kOe and phe _squargeness ratiq S, ich is. an _index
of “squbfeness dradetioB BREef’ob  mhgAg FoorBibg medi Vol ha Visihl o
superi or netic performanges. Thi arge val ue of the.index qQf. squareness
(i ndicati gggyearsty%uaeeas ésgyrﬂ)@cﬁabﬂ)@w angss @waun%g.nl PR ight«l3aYi on
bet ween magneti c crgstal | ine grains, which is caused 24 by nodification

of a grow lomekhasubstratet heatimgmetep thaters esséntialnn alwmyrentionadndary
phase of the nonmagnetic underl ayer. Exanple 6 5 Table 2 shows

el ect r omagnfkighetedrecerdinginedea i) Beecpusé direxeBllieslt seFgeaditilaymed a
of Exanple 4 and Exanple 5. The table
magnetic recording medium can be obtained even if the heating step
15 is omitted, the production process can be simplified and the
production cost can be reduced. No need for the substrate heating

allows the use of a nonmagnetic substrate of a resin material, such as

polycarbonate, polyolefin, or the like.

20 Examples
Some examples of preferred embodiments of the present
invention will be described in more detail with reference to the

accompanying drawings.

15



I nclludes the recording performance of the nmagnetic di sk conprising the
magnetic filmw th'the nmagnetic performances shown in the table. The

el ectromagneti c conversion characteristics are given in the table 10 for
conparison of the effect to the nedia performances resulted fromthe
different way of grain size control between Exanple 4 and Exanple 5. Table
2 underla erHe (CGe) SSNR (dB)noise ( V)Exam | e 44,9200. 9216. 087. 5Exam | e

55, 0080. 8 %a?§§k9115 The recordi ng performance was obtai ned by a spinning
stand test u g the regeneration output of isolated pulses at the |inear

recordi ng densjty of 4Q0 kFCl. . The,eyal uation,.results indicated that the
noi se was | owe#é%ésw %rgﬁe thg-%hé%ttﬁﬁidééﬁ Wﬁsl‘ése)aifgrt%e 20 magnetic
recordi ng nedi um of Exanple 5 as conpared with the magnetic recording

medi um of IE@amAgnaticeubsitateovAfter cleaning,athe smbtsgnate)wa@mtrodme@
structural change. As the analysis result 25 of the grain size of the

magnet i ¢ liatera spatterime appsiaiugr A ponmagtie tiv aliponelrnt enadlduger

| arger than 8 nm decreased from30 %to 10 % The crystalline grains in the

tic | i - 9
dovi at Pon, T ppIoRs NP A THIEkFHN ReOREN fandr tle Sredleda?
stze, s M@Jﬁﬁ%ﬁg@ggmof‘grr.TMer tfgﬁmri%igsgsse%r}fjlatl{flgrg %l\é%{ﬁjgmh%%hbt e

significa

5 nm thickness, a nonmagnetic underlayer 20 nm thick was deposited
at the rate of 2.3 nm/sec under the discharging argon gas pressure of
30 mTorr. The nonmagnetic underlayer was formed using a titanium
10 alloy containing 10 at% of Cr, Ta, Re, or Ru. Subsequently, a
granular magnetic layer 30 nm thick was formed by an RF sputtering
method using a target of Co7Cr12Pt12 containing 10 mol% of SiOq

under the discharging argon gas pressure of 5 mTorr.

15 After laminating a carbon protective layer 8 nm thick, the
laminated substrate was taken out from the vacuum chamber.
Finally, liquid lubricant was applied to form a liquid lubricant layer
1.5 nm thick. Thus, a magnetic recording medium as shown in Fig. 2
was produced. Substrate heating before the deposition process was

20 not executed.
Table 1 shows magnetic properties, electromagnetic conversion

characteristics, and ABso measured by X-ray diffraction (XRD) of the

magnetic recording medium of Example 1. The table shows an

16



Because the crystalline grains in the nonmagnetic underlayer |arger than 8
nmare liable to separate the nagnetic grains that grow 10 on the grains of
t he underl ayer, control of the grain size, its deviation, and segregation
in the magnetic |ayer become difficult. Wen the proportion of the
crystalline grains larger than 8 nmin the nonmagneti c underl ayer is
reduced to 10 % or less, the ratio of the nmagnetic grains in the magnetic

| ayer that i -t 0 : | Jed j ns
i the: undelei ERRARHeHE Cv GG oRr RO TR M By i HE PR r O R
nore precise lattice t ching,.and i nproves. lattice matchy ween t he

ot h 1 destoropHRaTe elfaciSdtb it anrdin g silgnBiancs spuised B BRfetstasnm i
i nternedi ate | ayer. Besi.des, _segregation structure of the nagnetic 20 |ayer
i s pronot e'd‘l%lem@&gnQﬁiﬁdmdﬂ a¥ebus structure of the nonnmagnetic

under| ayer. Therefore, excellent electromagnetic conversion characteristic
can be obt3iahdd.1 26 Advant ageous Effect of the invention As described so
far, the magnetic layer in a magnetic recordi ng nedi um of the present
invention has a granular structure consisting of ferromagnetic crystalline

grains with ifiedéageenal| clHee@epacked B striict SNRA@AB01magngd50 gr aj n
boundary MEURPIT DY COMPOSEG. Ol OXT U SUL T OYUMaT Mg .t J&_ crystar LI

grai ns. The Hﬁﬂ%@) - |ndprf;Q¢h iqrngp?:épd of aiaa al salect -gjnm
Cs, and Reé, or aTsubstande mal/830 conpos@RBf o¢ne orlBre ellemenfls@l ect d

from hesg TMeTal R T TTfe Mexaigyal {Tpegs Picked igprct e Ths ol
A\ | A CUAT O ALl UT U vWiliTol AdINt o Ul e UTITUCT T ayv
and t he mztgneti chvlbcor di dq | 4300 s not RePe than 1354 By Using @vch

material s, excellent nmagnetic and el ectromagneti c conversion
charact®ristics can be acconplished. 15 Because the magnetic |layer is
epitaxially gréwn f ,orrht he under| ayer and exhiRQits vorabl e alignnent,  the
structure and DPECHAGR YSii%%b 1t gaves geescventorpeaHesand squanenass ratio

| ayer can be controlled by controlling the structure and the grain size

di stri but i Snof the lpradwesd ayedia $neastired! by a vileratingt sanspleuct ure of the

20 underl ayer is a porous and columar structure. The proportion of the

crystall i nengkabBonidter NIl theaiodlaf@eiois63atih SN a3la Feebrdfhand the

standard deviation Is at nost ese structures of the I nventlon

the orain DeRfoRfandd RGN Aihe sk RooGRIE derlkiyy B9 436 WRET 5y

contr i | ng SHEENG sheRdp@sier pawbRed svith fEMR.aad: and aBakwidth

??Hnr of ;ngedi um of the invention. Accor(zi n%y,. a . p ,C
ABs0 of a rocking curve of the hep (002) diffraction line of the magnetic

layer obtained by an X-ray diffraction method. The evaluation results
demonstrated that He, SNR, and alignment have improved with the
underlayers of Re and Ru in which the degree of mismatching

15 between the a-axis lattice constant of the nonmagnetic underlayer
and the a-axis lattice constant of the magnetic layer is not larger than

10 %.

Example 2
20 A medium of Example 2 was produced in the same manner as in

Example 1 except that a nonmagnetic underlayer is composed of

17



magnetic recordi ng nmedi um of the invention with mnute magnetic grains can
yet exhi bit enough ‘*hi gh .coercive force at the roomtenperature. This

achi eves stable high density recording with little adverse effect of

t hermal di sturbance. 10 15 20 28 Clains 1. A magnetic recordi ng nmedi um
for a perpendicul ar magnetic recording system conprising a nonmagnetic
substrate and | ayers sequentially |am nated on the substrate, the |ayers

i ncluding 5 seed | ayer c osed of ;a netal,or an,alloy, whth a face

centered cBBERSRlum and poyANEE WA JeplsitRi Fverdhe padetlayet. Krragnet i c
under | ayer conposed of a petal or_an alloy wth a hexagonal closest packed
crystal st heaxnagnedicrgierlayen 20 nmvihigkawassfanmedsby yseans ebasi sti ng

of 10 ferromagnetic crystalline grains with a hexagonal closest packed
structure sputterimponeethod uai thé depdsitiorepatm obid. Banml/geoxindesar r oundi ng

the ferromagnetic crystalline grains, a protective layer, and a liquid
lubricant Hay@ardihg argon gas pressure of 70 mTorr. Transmission electron
5 microscope (TEM) observation of the cross section of the produced
medium revealed columnar crystals and porous structure in the
direction vertical to the substrate. The columnar crystals were
observed grown without extraordinary growth such as abnormal
expansion during the growth process.
10
Initial stage of the deposition process did not generate an “initial
growth layer”. Planar observation was done by the TEM to measure
grain sizes. Average grain size was about 6 nm. The distribution of
the grain sizes was a normal distribution and the standard deviation
15 was 1.8 nm. Here, the standard deviation in this application
document is defined to be a square root of an unbiased dispersion of

the distribution.

For the purpose of decreasing grain sizes of the crystalline grains,
20 the deposition rate was controlled at 2.3 nm/sec. The deposition was
conducted to the thickness of 20 nm under the discharging argon gas
pressure of 70 mTorr. TEM observation of the cross section of the
obtained nonmagnetic underlayer film showed porous structure with

columnar crystals in the direction vertical to the substrate. The

18



2. A'magnetic recordi ng nmedium according to claim1l1, wherein a degree of
m smat chi ng between‘an a-axis lattice constant of the nonmagnetic

under| ayer and an a-axis lattice constant of the nmagnetic |ayer is not

| arger than 10 % and the underlayer is 20 conposed of a netal selected
fromRe, Ru, and Gs, or an alloy mainly conposed of one or nore netals
selected fromRu, Os, and Re. 3. A magnetic recording nmedi umaccording to

claim 2, i i f i i i he
onmagnet | Sosarhdr SEPPELTe W18 ol BBt Wi Houle K Radrdilady Hidyieh
grains in the,non netic.,under| ayer,, and a ,standard devi ati on, of,.t he grain
o Ses ot "t RUCH 98 Ao X PANBLT I DE 6 BoN th BR0aSRg R, dtntial
recordi ng medi um according to any one of claips 1 through 3, wherein the
seed | ayer groveidnpayer wramnestobisemsiastindhe trittal stage pf thet depaaitionor
an alloy mainly conposed of one or nore netals selected fromCu, Au, Pd,

Pt, and Ir process. Playyarebseyvatimosess eflsdicomtudted B the Thkboet i c

recordi ng medi um according to any one of clainms 1 through 5 further

conpri s ng rAefRUFBAN ' g?ﬁ& is@ﬂ@@.nqﬁgwéalaéa@ggéiﬂ RYZE WS ago%gﬁ 5aygy, and

bei ng conpos or an alloy wth y centered cubic crystal

ZLLS?B?‘QS fJs@?ﬁﬁé%“&ﬁﬁhéF%ﬁk}%@&ﬁﬁ%ﬁﬁ%ﬁ@ﬁﬁg%ﬁfﬁéﬁﬁﬁbﬁgi@bﬁ”} s

i | Nb, M, Ta, W
211Dy ai niSyABAATELAAVEALIgREOE L 4aMB. mot al s el ccted f1om Mo Wb, T, and
W 20 30
CALLAS A A AlLAY.AY. A . Aa. A@ AS. Ay. A. Aa. Ay. AF. AY. Ay. AY. Al . Aay. A. Ay. Ay. ASl . A
y. Al . Ay. Al . Ay?<Gao( EE J
&+| wr mhe”Y] ca] dHhas) eedastion] ofthe] grdiankiad aaldhgabseimeht alfcatLinl sizlecal ¢

aJ calcalca]ca]calca]calca]lcRayc
10 distribution in the underlayer have been accomplished by controlling

the deposition rate.

Example 3
A medium of Example 3 was produced in the same manner as in
15 Example 2 excluding the deposition process of the nonmagnetic

underlayer.

Each of nonmagnetic underlayers of ruthenium was deposited to
various thicknesses by a sputtering method at the deposition rate of
20 4.2 nm/sec under discharging argon gas pressure of 70 mTorr. Grain
sizes were measured by a planar image analysis using the TEM for
the underlayers with the thicknesses of 5 nm and 50 nm resulting in
the average grain sizes of 5 nm and 8 nm, respectively. The both

distributions of grain sizes were normal distributions with the
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10 was a normal distribution in both cases. The standard deviations
were 2.4 nm and 1.9 nm, respectively. The observed sectional

structure showed columnar structure and no initial growth layer.

Analysis by X-ray diffraction and the TEM was made on the
15 crystal alignment of these nonmagnetic underlayers, and showed that
the ruthenium c-axis aligned vertical to the substrate surface.
Although clear difference in the alignment corresponding to each
deposition condition was not confirmed, deviation of the grain sizes
increased due to lattice defects or crystal growth in the cases of

20 thicker film and higher gas pressure.

As described above, it has been confirmed that structure control
of the underlayer is possible by controlling film thickness and a gas

pressure.
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depositing a cobalt alloy magnetic layer on the examples prepared in
Example 2. A granular magnetic layer 20 nm thick was deposited by

5 means of an RF sputtering method using a Co76Cri2Pt12 target

containing 10 mol% of SiO2, under the discharging argon gas pressure
of 5 mTorr on the nonmagnetic underlayer of ruthenium with the 20
nm thickness deposited at the depositing rate of 4.2 nm/sec under the
discharging argon gas pressure of 70 mTorr as described in Example

10 2. After depositing a carbon protective layer 8 nm thick on the
magnetic layer, the laminated substrate was taken out from the
vacuum chamber. Applying a liquid lubricant to the thickness of 1.5
nm, a magnetic recording medium as shown in Fig. 2 was produced.

Substrate heating prior to the deposition process was not executed.

15
TEM observation on the surface of the magnetic layer of the

obtained magnetic recording medium confirmed a granular structure
with crystalline grains in the magnetic layer surrounded by
nonmagnetic grain boundary region. Lattice image observation

20 revealed that the cobalt alloy grain was crystalline and the grain
boundary region was amorphous. Mean distance between the
crystalline grains was 1.5 nm and the standard deviation thereof was
2.0 nm. Analysis on the grain size distribution of the magnetic layer

of Example 4 indicated a distribution having peaks around 4 nm and
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8 nm in the grain size. Average grain size of the crystalline grains
was 6 nm and the standard deviation thereof was 2.4 nm. The

deviation defined by standard deviation divided by average grain size

was 0.4.

TEM observation of sectional structure of the magnetic layer
demonstrated continuation of lattice between the nonmagnetic
underlayer and the magnetic layer and epitaxial growth of the
magnetic layer from the nonmagnetic underlayer. It was also

10 demonstrated that the crystalline phase and the grain boundary
phase grew by different mechanisms and have different
metallographic textures. Half width ABso of the rocking curve of hep
(002) diffraction line of the magnetic layer obtained by X-ray
diffraction was 5.2 degree, which confirmed excellent alignment.

15

Magnetic performances of the magnetic film were measured by
the vibrating sample magnetometer (VSM), resulting in the coercive
force of 4.9 kOe and the squareness ratio S, which is an index of
squareness of M-H hysteresis loop, of 0.9. These values confirmed

20 superior magnetic performances. This large value of the index of
squareness (indicating nearly square loop) is a result of reduction in
the interaction between magnetic crystalline grains, which is caused
by modification of a growth mechanism of the magnetic layer. In the

growth mechanism of the magnetic layer in the invention, the
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magnetic crystalline grains epitaxially grow on the crystalline grains

of the ruthenium underlayer having porous structure, the grains of

the underlayer being grown without abnormal growth such as

unfavorable expansion during the growth process. Each magnetic
5 grain is surrounded by nonmagnetic grain boundary region. Thus,

the magnetic grains are grown exhibiting favorable isolation.

Example 5
Deposition processes in Example 5 were conducted in the same
10 manner as in Example 4 except that the depositing rate for the
nonmagnetic underlayer of ruthenium was controlled to 2.3 nm/sec.
Thus, a magnetic recording medium as shown in Fig. 2 was produced.

Substrate heating was not conducted.

15 TEM observation on the surface of the obtained magnetic layer
confirmed a granular structure with the crystalline grains of the
magnetic layer surrounded by nonmagnetic grain boundary region.
Lattice image observation revealed that the cobalt alloy grain was
crystalline and the grain boundary region was amorphous. Mean

20 distance between the magnetic crystalline grains was 1.5 nm and the
standard deviation thereof was 1.4 nm. Average grain size of the
magnetic crystalline grains was 5 nm and the standard deviation

thereof was about 1 nm.
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layer of Example 5. The grain size distribution was a normal

distribution with the deviation defined by standard deviation divided

by average grain size was 0.2.

Fig. 4 shows a sectional image of the nonmagnetic underlayer

and the magnetic layer of a magnetic recording medium of Example 5
obtained by the TEM observation. The TEM observation
demonstrated continuation of lattice between the nonmagnetic

10 underlayer 401 and the magnetic layer 402 and epitaxial growth of
the magnetic layer from the nonmagnetic underlayer. It was also
demonstrated that the crystalline phase and the grain boundary
phase grew by different mechanisms and had different
metallographic textures. Half width ABso of the rocking curve of hep

15 (002) diffraction line of the magnetic layer 402 obtained by X-ray

diffraction was 4.9 degree, which confirmed excellent alignment.

Magnetic performances of the magnetic film were measured by
the vibrating sample magnetometer (VSM), resulting in the coercive
20 force of 5.0 kOe and the squareness ratio S, which is an index of
squareness of M-H hysteresis loop, of 0.9. These values confirmed
superior magnetic performances. This large value of the index of
squareness (indicating nearly square loop) is a result of reduction in

the interaction between magnetic crystalline grains, which is caused
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by modification of a growth mechanism of the magnetic layer

reflecting the grain boundary phase of the nonmagnetic underlayer.

Example 6
5 Table 2 shows electromagnetic conversion characteristics of the
magnetic recording media of Example 4 and Example 5. The table
includes the recording performance of the magnetic disk comprising
the magnetic film with the magnetic performances shown in the table.
The electromagnetic conversion characteristics are given in the table
10 for comparison of the effect to the media performances resulted from

the different way of grain size control between Example 4 and

Example 5.

Table 2
underlayer Hc (Oe) S SNR (dB) noise (uV)
Example 4 4,920 0.92 16.0 87.5
Example 5 5,008 0.89 17.9 65.0

15
The recording performance was obtained by a spinning stand
tester using the regeneration output of isolated pulses at the linear
recording density of 400 kFCI. The evaluation results indicated that
the noise was lowered by 25 % and the SNR was raised by 10 % in the
20 magnetic recording medium of Example 5 as compared with the
magnetic recording medium of Example 4. This improvement can be

attributed to the following structural change. As the analysis result
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15

20

of the grain size of the magnetic layer shows, the crystal grains in the
nonmagnetic underlayer larger than 8 nm decreased from 30 % to

10 %. The crystalline grains in the magnetic layer smaller than 4 nm
is reduced from 15 % to 5 %, and the deviation, which is the standard
deviation divided by the mean grain size, is suppressed to 0.2. Thus,

the noises and the SNR value have been significantly improved.

Because the crystalline grains in the nonmagnetic underlayer
larger than 8 nm are liable to separate the magnetic grains that grow
on the grains of the underlayer, control of the grain size, its deviation,
and segregation in the magnetic layer become difficult. When the
proportion of the crystalline grains larger than 8 nm in the
nonmagnetic underlayer is reduced to 10 % or less, the ratio of the
magnetic grains in the magnetic layer that correspond in the one-to-
one manner to the crystalline grains in the underlayer increases. The
crystal growth in this structure promotes more precise lattice
matching and improves lattice matching between the both sides of
the interface between the magnetic layer and the nonmagnetic
intermediate layer. Besides, segregation structure of the magnetic
layer is promoted by the columnar and porous structure of the
nonmagnetic underlayer. Therefore, excellent electromagnetic

conversion characteristic can be obtained.
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As described so far, the magnetic layer in a magnetic recording
medium of the present invention has a granular structure consisting
of ferromagnetic crystalline grains with the hexagonal closest packed

5 structure and nonmagnetic grain boundary region mainly composed
of oxide surrounding the crystalline grains. The nonmagnetic
underlayer is composed of a metal selected from Ru, Os, and Re, or a
substance mainly composed of one or more element selected from
these metals with the hexagonal closest packed structure. The

10 degree of mismatching between a-axis lattice constants of the
underlayer and the magnetic recording layer is not more than 10 %.
By using such materials, excellent magnetic and electromagnetic

conversion characteristics can be accomplished.

15 Because the magnetic layer is epitaxially grown from the
underlayer and exhibits favorable alignment, the structure and the
grain size of the crystalline grains in the magnetic layer can be
controlled by controlling the structure and the grain size distribution
in the underlayer. Specifically, the crystal structure of the

20 underlayer is a porous and columnar structure. The proportion of the
crystalline grains in the underlayer larger than 8 nm is at most 10 %
and the standard deviation is at most 1.4 nm. These structures of the
invention achieve low noise. In addition, the effect of controlling the

structure and the grain size of the magnetic layer can be easily
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The interaction between the magnetic crystalline grains can be
reduced by controlling the distance between the crystalline grains in
5 the magnetic film of a medium of the invention. Accordingly, a
magnetic recording medium of the invention with minute magnetic
grains can yet exhibit enough high coercive force at the room
temperature. This achieves stable high density recording with little

adverse effect of thermal disturbance.

10

15

20

28



10 ! 2#10% h& () - (2#10% h& () - (2#10% h& () -) 270#2#10% hé& () - 2#10%

h& () - WV WEVRW WLWE' @bC 10 ! 2#10% h& () - (2#10% h& () - ( 2#10%

h& ()-) ?70#2#10% h& () - 2#10% h& () - IVBW W VEWWAr=mbC 10 ! ! 1098& () -

S 1098& () - 2#10% h& ()-) ?270#2#10% h& () - 2#10% h& () - WA XXXY| [ : nbC 10 !

| @1099& ()-3 | YU@L0%& ()-3 SHFVLO& ()- Y& #1098& ()- | 109& ()- 3-
Y1099&' ()- YQYYYZ! Z+Z|[:nbC 10 ! 6S1008& ()- 210%& ()- " O0SH10%& () -

3. $10908’ (1,5 dyCLO%WRE () - - 1) Z"10W& ()- +2Zj ZZZZZZ[[vUA 1 y: $1098& ()-
y: $10%g#& (7 Y09 0%40% , > 109%& ()- S; 109%& ()- - &9l YA0%W& () -

11 1" g b b st B
Y494 0%04& () - YAYLOUE ()-10%40%40% & > 10%& ()- abbntddddde| obU4
recording system comprising a nonmagnetic substrate and layers
sequentially laminated on the substrate, the layers including
5 a seed layer composed of a metal or an alloy with a face centered
cubic lattice structure disposed over the substrate,
a nonmagnetic underlayer composed of a metal or an alloy with a
hexagonal closest packed crystal structure,
a magnetic layer having a granular structure consisting of
10 ferromagnetic crystalline grains with a hexagonal closest packed
structure and nonmagnetic grain boundary region of mainly oxide
surrounding the ferromagnetic crystalline grains,
a protective layer, and
a liquid lubricant layer.
15
2. A magnetic recording medium according to claim 1, wherein a
degree of mismatching between an a-axis lattice constant of the
nonmagnetic underlayer and an a-axis lattice constant of the
magnetic layer is not larger than 10 %, and the underlayer is

20 composed of a metal selected from Re, Ru, and Os, or an alloy mainly

composed of one or more metals selected from Ru, Os, and Re.

3. A magnetic recording medium according to claim 2, wherein a

proportion of crystalline grains larger than 8 nm in the nonmagnetic
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