10

15

20

25

1 DESCRI PTION  MAGNETI C RECORDI NG MEDI UM AND mG\IETi c -
RECORDI NG AND REPRODUCI NG APPARATUS 5 TECHNI CA
[0001] The present invention relates to a nagnet | HI’Im"mm”"”I””’I“"I
recordi ng nmedi um and a magnetic recording and oorcon
reproduci ng apparat us enFonigg thg magnetltF:)ate 59
medi um- 10 Priority is clainmed on Japanese

i cation No. 2007-226BFSCRIPIEAN August 31, 20
f\ﬁgl content of which is incorporated herein by mm"""m"m"”"””’l”",
reference. BACKGROUND ART [0002] 15 In recent year sgooooax
the application range of magnetic recording

apMAGNEER BECORIINCYRANSLUNG d‘é{rggnet i fapR%%ORDING AND

fl exi bl e di sk appar at uses,

apparat uses has i [gt their
|ﬁgortance has al so |ncreasé§ﬂ?%ﬁggé%gﬁgg a techni que
has been devel oped for significantly inproving the
recordi ng density of a magnetic {ecordkng_n$d|3n1gsgg
for these apparatuses. In particular, the introducti

of an MR ZOp?nagneto rggﬁgﬁﬂﬁb$LEEﬂdDand a PRM
(partial response nmaxinumlikelihood) technique has
accel ¢9Qxl¢d i nprovenent in surface recording density
of the magnetic recording nedium In recent years,

wi t h The pregért dskeationrelbs Q\ﬁn(aghéﬁtreé@'g §cﬁ§ﬁ15a(&j\ﬁ%‘i§&gneuc

heads and TuMR (tunneling nmagnet oresi st a

et A AR g APna g SR bR ?%ch%c?ﬂp% a}?éwl

30%tQ
Zggh2§r18ﬂf§ft Eglliﬁﬁecf on j arf)%rrl%%%eatengc ApchannoI\tfo 2007 226399 ﬁled

August 31, 2007, the content of which is incorporated herein by reference.

- BACKGROUND ART

[0002]

In recent years, the application range of magnetic recording apparatuses such as

‘magnetic disk apparatuses, flexible disk apparatuses, and magnetic tape apparatuses has

increased remarkably and their importance has also increased. Therefore, a technique

has been developed for significantly imprbving the recording density of a magnetic
recording medium used for these apparatuses. In particular, the introduction of an MR
(magneto resistive) head and a PRML (partial response maximum likelihood) technique
has accelerated improvement in surface recording density of the magnetic recording
medium. In recent years, with the introduction of GMR (giant magnetoresistance)
heads and TuMR (tunneling magnetoresistance) heads, the increase in the surface
recording density of the magnetic recording medium has increased significantly and

continues to increase at a pace of 30% to 40% each year.
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[0003] In this way, there is a need for an increase in
recordi ng density of magnetic recording nmedi um and
there is also a need for an increase in coercive

force, a high signal-to-noise ratio (SNR), and high
resol ution of a magnetic recor2ding layer. In a 5

I ongi tudinal magnetic recordi ng system whi ch has
genera{{j&%ﬁbeen used, with the increase in linear
recording density, recording magnetic domai ns adj acent
to a ragHerRy.dhemsns aneehfor o imreasgiromcardingAdnYityBAkE etic
the:ﬂ‘r mnetl zations, whi Chgl s called

reqording gme tind eer®i3.aldoh KHed $; t :
sel f -demagneti zation, it is ngrcééggg{eg%ﬁg co%%@ﬁcfgrctehaemgh

stghaltorgsise @fio (PTRYBLAS; ] | ayer to increase
t he shape m;atr(]eti (Ij:r’%iloq% Irse(%ﬁag%rgbf‘ag%g%%c regqrdingdayer. Ina

16Hghval; thickness of the magnetic _
recor g?%gg%%‘gg?oégﬁé Judes ,Wetl"%ég%?tﬂeéﬁ@ﬂﬁ%ém Byedewith ghye increase

. ' for I nt ai ni the magnetic domain is

“ﬁ%ﬁ;‘%{f g‘!nct"f arg e‘?&ﬁa’iec?fg ensHC dpmpingladisnent 4y a neagdetizagion

tg}?ﬁe{iorrenon (heat fluctuation 15 phenonenon) in which
TAPSIaPRIRgtonghutualy wgakemthein steigpetizatons, svhictdiyeaeglue to
a_tenperature variation is not negligible.

seAbderpagnstikationi t Ih srdeaitalpiehadt th@lh@hadnleHedtioal it Whecessary to
phenomenon determines the limt of the |inear’

redecothditiigkwts s 61 thé. mi A6 tecotdin i & IBdium .
havi ng an AFC (anti - errorrggneéll%g&g%dp%?%%)thigmpe magnetic
arfitotktiplyur € has been proposed as the technique for
i mproving the linear recording density in the
Iongi&)@g&]nal magneti ¢ recordi ng system thereby
sol ving therno-magneti sm relaxation which is a
problem, n the | gngjtudi nal magnetic recording system
[ 00067 et erﬁ@eﬁnwh%ms@mcms pEthe immagnetic regotdiveg layer is
aurfaé]'e recordi ng density, a 25 perpendicul ar magnetic
TG tieieRgth Iohpn grergn bamiet farchaintantineHeirRibnec ABRLAT
is 3
substantially equal to that of thermal energy, and the phenomenon (heat fluctuation

phenomenon)_in which an amount of recorded magnetization is reduced due to a
temperature variation is not negligible. Accordingly, it is said that the heat fluctuation
phenomenon determines the limit of the linear recording density.

[0005]

In recent years, a medium having an AFC (anti-ferromagnetic coupling)
structure has been proposed as the technique for improving the linear recording density in
the longitudinal magnetic recording system, thereby solving thermo-magnetism
relaxation which is a problem in the longitudinal magnetic recording system.

[0006]

As a technique for further improving the surface recording density, a

perpendicular magnetic recording technique has attracted attention. A medium is
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magnetized in the in-plane direction in the

| ongi tudi nal magnetic recordi ng system but a nedium
is magnetized in a direction substantially
perpendi cul ar to the surface of the nediumin the
per pendi cul ar magnetic recordihg system Accordingly,

j T S~ ' to.avoid the. ) _
Bz in (he RO BhedoR iR RUOnAEnal ragmeticsmserding system, but a
Ihé ear. recordiggﬁS density in the |ongitudina
nagd et BagRetyeditn g degetamubstantially nemedindisulad to Hetsutfhee of the
Igﬁgﬁpendicular magneti c recording systemis suitable

IR 1 thegrerrsndiculas cuagtietigrecbrdingisiiteni.o NAccordiaglyt §fice it is
per pendi cul ar magnetic recordi ng system can keep the
Ilobﬁlbl!c reggoidfthd $ebf-dermgpmetization aNA préRBE! tBE incrdak {Plinear recording
possible to relatively reduce the influence o? the

e SRIAIAL K0l SRS BB DD

t he | ongi tudi nal magnetic 10 re&cording sy
bfbe icular .magnetic recordi ng nmedium
P e REEERMY B PPy o el srcoring. 1o
a&ﬁhﬁéﬁ&dighe Ia¥§%, a magnetic recording |layer, and a
brot et Beerngnular magnetigaesarding shgemann ke¢mthesmgkness of the
cases,. a lubricant layer is 15 forned on the surface
ngenetilayerionstant & ip agssible farelativglyredes, thainfhgnet éfthe
filmwhich is called a soft magnetic underlying |ayer
thesmgimgpgnstismiyelasatidnhehisk ealiseay obldhen tHeNlbSgiARHaR R gnetic

| ayer is formed in order to further i nprove the
rechading swstémst i cs of the nagnetic recording layer. In
addition, the seed |layer serves to align the crystal
parti pdogy] of the internediate layer and the magnetic

recording |laver, and to control the shape of 20
ovenent . in

magnet, S .[0008 The inpr ent . )

cr 3st gi %n%{éa)f,oatr ]?é éﬁ?na I%H H Erets éecél’%?% Hediymy isqbyained by
in.size of the neti.c recording | ayer are

S%‘&%@%ﬁ npﬂlgtafﬁge%%’%tl@}?wl@? laé’%p@r%mtic mdcarding layer, and

u
na nelii recordi ng medium w th good characteristics.
a qucqvg, 2)ef o Ad0pEgRetit whiteate. 2B magnetses; aneiadi Ager is
medi um the magnetic recording |layer is formed of a Co
foampedpnhe surface of the protective layer. In many cases, a magnetic film which is

called a soft magnetic underlying layer is disposed below the seed layer. The
intermediate layer is formed in order to further improve the characteristics of the
magnetic recording layer. In addition, the seed layer serves to align the crystal particles
of the intermediate layer and the magnetic recording layer, and to control the shape of
m.agnetic crystals.

[0008]

The improvement in crystalline orientation and the decrease In crystal grain size
of the magnetic recording layer are important in the manufacturing of a perpendicular
magnetic recording medium with good characteristics. That is, in the perpendicular

magnetic recording medium, the magnetic recording layer is formed of a Co allov
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material and the crystal structure thereof is a
hexagonal cl osest-packed (hcp) structure. It is

“inportant that a (002) crystal face of the hexagonal

cl osest-packed structure is parallel to the surface
of the substrate, that is, a é‘rystal c-axis ([002]

the substrate, that is, a drystal c-axis

TR b 48 PR R P PRt et ek e e
| bl di der. [0009 I der t I

1§ 8Bhp J2R et 0Pt 1ok b igpasons chosermariog] siame i

wth the |east possible disorder, the internediate
pexpllel toghe suréace @f Hersubstrdta rthatdg metryalroeds (00R) axis)d alfgned in a
has been made of Ru having the same hexagona

doeggmstubptantialy mirpandiouize 16 shet fuefadofMRe BEstiate GRIOTHY DGt possible
| ayer. Since the crystal particles of the magnetic

disoedeedi ng | ayer epitaxially grow on the (002) crystal
face of Ru, a magnetic recording nmediumw th good
cryst?ddggg‘ue orientation is obtained (for exanple, see

Pat en jtation 1). [0010] That is, since the
orieni}gtion of.thﬁ magnﬁtic, recording layer is )

i npr oVRArdgY 0 Aligndhe crysiahparfigles Qb the sragnetiq oonding ayerawith the
face orjentation of the Ru internediate |ayer, the
leagippsible/disatrier; theantsrmediatgdaysn obtheRermshdighidr hmenetic recording

improved to inprove the recording density of the
medrypehali baghanadeagiiet havingethe satna gexapdhaldlosERVRERE] stAlt@ie as the

an Ru filmis formed directly on an anorphous

magdeid igcardidgaipdr, BhiRe thY GYa85Farlied fen&habhdiP rec?ridgnrfrg layer

increases to obtain the good crystalline Grienta

AN raTIRO S0 NERKERS, e aﬁ#&%@tﬁc; r:eggrd?rt%égdimn with good

magnetic flux froma - hea er

j i S. med of a t magnetic_ nmaterial at the
o8l e BlRs afed ot PR et Reiephoraten Beed
Iayer@ﬁb orientation on the (111) crystal face of a
face- ¥HPbred cubic structure is i nt er posed bet ween
the wunderlying layer and the Ru internediate | ayer
(For ERafipisicedbeomentativn dithatriagnetR)recoringdeyer heing@eded by
| ayer having the face-centered cubic structure can
epfrapving dheddpreho2BOR) orgiétal fabd eriOtht SHthORuBheRESdiMe layer, the

even wth a thickness of about 5 nm Ru on the seed
(doay efystal face orientation of Ru should be improved to improve the recording density
of the perpendicular magnetic recording medium. However, when an Ru film is formed
directly on an amorphous underlying layer, the thickness of the Ru film increases to
obtain the good crystalline orientation and the amorphous Ru weakens the attraction of
magnetic flux from a head in the underlying layer which is formed of a soft magnetic
material at the time of recording. Therefore, in the past, a seed layer for orientation on
the (111) crystal face of a face-centered cubic structure is interposed between the
underlying layer and the Ru intennediate layer (For example, see Patent Citation 2).

Since the seed layer having the face-centered cubic structure can provide a high

crystalline orientation property even with a thickness of about 5 nm, Ru on the seed laver
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Beying the

havi ng the face-centered cubic structure can provide a
hi gh crystalline orientation property with a
t hi ckness smaller than that of Ru forned directly on
the underlying layer. [0011] However, in order to
further inprove the recordingddensity, it is necessary
to 5 fu%;her-stéengthen the attraction of na%net[c

Y EHIUCTRS SEPIF Stri¢fare G387 p e g highesystalling erientation
mat eri al. having a hi gh saturated nagnetization Bs is
PEeEY vath athicknessfsmatigy thanithat ofRueioimaed divecsllyromrthé tederlying layer.
the attraction of magnetic flux, a part of the soft
magnef0®lpmterial is finely crystallized and thus the
unevenness of the surface of the underlying |ayer
I ncr edRM&ver BT deHELH; ' | ent ati.on of

o ANR TER el K8rty BOLRY B eRerpeer o

the magnetic recording |a c

j - he actipon of netic flux, the
e RO B D Bl TR e e
it er nedi.at.e | ayer. bel ow the magnetic_recordi ng | ayer
B e e S ae o B veleckan a i magnetic

seed | ayer having the face-centered cubic structure
madip! i:Strepathen thetatigaction of asaenetih fluk reesst efthakoft Magiietic materia
.Ssmaller than 5 nm the orientation of the
i finedy emyeiaized hied/thus its urmpentieys ofthe sidiet FdheatcHS layer
.the thi ckness cannot 15 be set to be equal to or
irenak¢s thetdbyieteriofatingthy bBVtRfor Setha BRNGet befamgq ver. As
situation, in order to further inprove the rec r%lng
afRR& thdbniduB EhEstieh it aNer quhi ch can
mai ntain the orie tgﬁﬁggh% £ gﬁ}ﬁﬂgéé%:Fé?%’&ﬁygaﬂﬁ?SOfﬂw
i r di I rrto.a certain extent even
nbiladRHP RS £ A U Rme B 148 $R10v0 e ppaghoie pecording laper o the
decrease in crystal grain size of the nmagnetic
Seregg??fe F?fb{"f ‘5@%&3‘1& s Foveyes arienithe seed dgsreninving theeface-centered
recording density. In the existing crystalline seed
ClFbéS’ elruchare jeed inghe refated g das b thidmebnequagto dresmaller than 5 nm, the
face-centered cubic structure, since a single Ru
ogenyaiiaul ofghaintermediateelayérrit edpidigtidetegiotayin®BLs B%itBickdess cannot
grows on a single crystal grain of the seed | ayer,

the
belsat t@bs equahtocdr katatler Gaaishngi ZB AbwidtehsSaRel on. 1
be considered as a nethod of reducing 25 tﬁéﬁ%ﬁ@gta tuation, in

oﬁéﬂoﬁﬁh@nﬂfo@l{hf’gefte)lr:_kﬁn%@&ﬁﬁ&i thele§§ QBQ&P R laaé ed la}(f)err which can

the internmediate [
maintain the orientation of the intermediate layer or the magnetic recording layer to a

certain extent even with a thickness of 5 nm or less.

[0012]

A decrease in crystal grain size of the magnetic recording layer is necessary for
improving the recording density. In the existing crystalline seed layer as well as the
seed layer having the face-centered cubic structure., since a single Ru crystal grain of the
intermediate layer epitaxially grows on a single crystal grain of the seed layer, the
decrease in crystal grain size of the seed layer can be considered as a method of reducing

the crystal grain size of Ru of the magnetic recording layer or the intermediate layer.
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There have been various studies on the materials of
the seed |l ayer and the internediate |ayer and the
filmform ng nethod, but it was not possible to reduce
the crystal grain size of the seed |ayer while

mai ntai ning the crystalline or6 entation of the

'ntegme late l.ayer or the magnetic recording layer. 5
Jfltfé‘i $veReen XareRs stydesauthe matatlcofithe sted laysr shd khegingirmediate

size of the internediate |ayer or the nmagnetic
lpye gpdthegfilnafasmingmethed Ser it wasytet possible@S redaBoth: QFystal grain size
(%ﬂg;m;gg internedii;;ﬁiayer can be fornmed with a
ediayst mhdle wiznthi & BEs LAl '
of Ruand a grain bour%tgr Sﬂ, p%%ltﬁi{eg&n{eﬁat%&?ggl egﬁ%%#‘gée}ate fayer or
thé kﬁgﬁa{crr@w}qh{gg%jege crystal grain portion, which 10
is generally used in the magnetic recording |layer (for
exanplg@uﬁbn-Patent Citation 1). Wen the grain
boundiry ortion of the internmediate portions is
thickzgpd ﬁy in&&@g i ng .the anount of oxide using
this mStRGHTT me 03 sedichigdhe grystali gesdn sige of thg sutatmediate layer or
rain sjze by as nuch. Wen an oxi de magnetic | ayer
3 mAgngdic JeqsdinRtaysr 02 thessped laysr, fitowammdperied thet the intermediate layer
internedi ate layer, the granular structures are
cenhn Eyted with 2 grhulat Stercnire omolidiBg 4 oryshil §F8 gbﬁfoﬁ JFEdnd a
rain

to the magnetic recording | ayer, the deCrease in g

gsdia bowidatBortiBRGABKidS afid MRl | t N .
segregation of oxide is promote F%ﬁngﬁggﬁ?ﬁé¥W8ﬂ§¥yon’Whmh

i j . recordi ng an epr.oduci ng .

ey St AR oo U (orafiafe. NGheriient Cdion 1.
j nge of .the.jnternedjate |ayer to the

vgllrléglﬁtgf g;r]“?% ?Q%td%{z"r ROTHEn 05 e infermediatg pertions és thickgned by increasing
si ze of %he seed | ayer, the nunber of crystal grains

&Eeatmmt PI gidg using thip methedniy éxpossiblrtodeduplepthe enystlistahesize by as
i ncreasing the recording density, the nunber of

THigEn e hen @nypside megreiin saypesuchias ai GoCHPCSEASIRGe M Fiinidd®n the
decrease in area per bit, thereby causing a decrease

intermsidiptealayemn thensitular sBuetite® #ré ConR6#8as BadhbthdSrdA o
of oxide grain boundaries, Co in the magnetic crystal

et ase o e R RS e B g e
ma8ectriGal 3R sink SPILQ %'éjegzgioﬁ of oxide is promoted to reduce the noise, and
the improvement of the recording and reproduc'mg characteristics is thus expected.

[0014]

However, since the change of the intermediate layer to the granular structure is
not the decrease in grain size of the seed layer, the number of crystal grains per unit area
is not changed.  Accordingly, in further increasing the recording density, the number of
magnetic crystal grains per bit is decreased with the decrease in area per bit, thereby
causing a decrease in signal intensity. Due to the increase in the ratio of oxide grain

boundaries, Co in the magnetic crystal grains is oxidized, thereby causing a further

decrease in signal intensity. In order to improve the recording and reproducing
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characteristics to cope wwth the increase in recording
density, it is necessary not only to sinply decrease
the grain size of the magnetic crystal, but also to
i ncrease the density of the magnetic crystal grains.
[0015] 5 Patent Citation 3 difscloses that by
onstructing the orientation control |ayer out of a
¢ %ﬁgtgl{l%& furong with thednereasgdn eeotlihgdensitaritisamecessary not only to
hcp-structured | ayer fromthe substrate and setting
SHRY fgereasn thcgrangteofithe mebattiveeRstalo bt A18@8n@Eass Ohd Gensity of
120 degrees, it is possible to manufacture a ’
theemgmmedt ciykal grapgnet i ¢ recording nmediumwith a hi gh
recording density in which the ¢ axis of the crystal
strucfoens} that is, the hexagonal 10 closest-packed
structure, of the perpendicular nagnetic |ayer is
smal.l . angle variance with respect

alig id:-n.a wer. _
to t E@%ﬁ@%@@n f ‘%/ﬂ%se§ Hit by sprstmiqang the osigsietige control layer out
rticle size of the crystal grains of the
°€a2?°€é%mcea?<§9r {%ﬁgﬁtrél?'iueeq layesrand @ heprsjrustwedd laydddine ete, substrate
in order _to inprove the recording and reproducing
aI{f’hS&Ft&gttb? Ratcpaiget anglditicfebbtween to b rarfeRESB 36 820 déRees, it is
provi de a perpendi cul ar magneti c recordi ng nmedi um

paghiblestomadnutaviure ageependichRi inabieti RO ANdm with a high
reproduci ng characteristics in which the decrease i I

regording deingiey B whibE th PHAEL the Chsed Al |%i’1 Séaiéﬁgethﬁx%gpalal

consistent with the increase I'™n recor

cléRe-pRREPERLNGH! GF th? Ef/rg)rgltl 1%.1{;}%{]%1%@) txgrl%égpfqlt hg% with a very small

magneti c recording
ndi cul ar magnetic recordi ng medi um whi ch can be
angge;\l‘ﬁff%g rFa‘Hﬁﬁé%SPE&éa th R@ee 0 5 75bsitgte and the average particle size of
thabove- nent ié)%ned problens. 20 [Patent Gtation I]
9 BYNAbEF S!Sl Prpendicilaranagnetio fayet isherAsiafl05 - HORBIEE, in order
[Patent Gitation 3] JP-A-2006-155865 [ Non-Patent
10 aNpEVE die refordipmpl ArEDe o &S chArddiERSics V9 the Bfre, PAis necessary to

162504 25 [0016] 8 The invention is made in view o

provide alperpendieuial magaktki ree@iingme ARG V@fﬂleqmiiﬁ&ﬁlﬁng excellent
recording and reproducing characteristics in which the decrease in grain size of the
magnetic crystal grains is consistent with the increase in recording density and the
perpendicular orientation property of the magnetic recording layer. There is a need for a
perpendicular magnetic recording medium which can be easily manufactured without
causing the above-mentioned problems.

[Patent Citation 1] JP-A-2001-6158

[Patent Citation 2] JP-A-2005-190517

[Patent Citation 3] JP-A-2006-155865

[Non-Patent Citation 1] APPLIED PHYSICS LETTERS, vol. 89, pp. 162504

[0016]
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of the invention is to provi de a magnetic recording

medi um whi ch can record and reproduce high-density

i nformati on by causing a decrease in grain size of

magnetic crystal grains to be consistent with an

increase in recording density &hile maintaining 5

per penﬂ{scul ar, orientation of a magnetic recording

| ayer, % EHHCRA Bats i Yiewies the shevealientionetisimatiog nakiize object

recordi ng and reproduci ng apparatus enpl oying the
PRIGNEE & pionvigle ampeignetic rédoSh OHERINOWhIMENTEQMY and

10 [0017] To achieve the above-nentioned object, the

reodurd igh-fensiydaforinigor BY baiith ALV irdin 42 oAnagnetic

per pendi cul ar magnetic recordi ng nmedi um conprisi ng "

chged tordifls tolRd@hbi%ieAOw 4 rientation control =

PRl B Y TnorPRe B 1Rl e, G B pasintaining

| ayer, a magnetic recordi ng
& : on- a_nonnagnetic substrate, wherein
PR o TR fero e i b festuneg method thereof,

s of a seed |layer and an internmediate |ayer from
a%‘%é %gal%g??’ glcgdél?gj@%yrteﬁ@du%l@é aPpages ehabyang themapnetiSrecording
structure, and a contact angle of the internediate
HFQVE?-'nHterial with respect to the seed | ayer
material is in the range of 10 to 100 degrees. (2) The
magneti ¢ recordi ng nedi um according to (1), wherein at
| east one layer 20 of the internediate |ayer has a

hexagonal cl osest - paSKEBSSIREBFUN I face-centered
cubic structure and crystal g?%}nszéﬁgﬁgggregated from

surrogmﬁbpg crystal grains thereof by oxide, nitride,
and voids. (3) The magnetic recordi ng nedi um accordi ng
to (1 one of the

+ .§2 mgerein at | east : i :
o he A s B g S imerscoraovides wetooing
SOrtrstal grai ns having a 25 hexagonal cl osest-packed

S¥tture and a grain boundary formed of an oxide of

at least 9 one elenent selected froma group

consi €9 ArRgremdular BlagBtic Seordiig meginntfompibindVk 1e AP an

Ru, Si, Ta, Ti, W and Zr.
underlying layer, an orientation control layer, a magnetic recording layer, and a protective
layer formed on a nonmagnetic substrate, wherein the orientation contro] layer includes
two or more layers of a seed layer and an intermediate layer from the substrate side, the
seed layer has an amorphous structure, and a contact angle of the intermediate layer
material with respect to the seed layer material is in the range of 10 to 100 degrees.

(2) The magnetic recording medium according to (1), wherein at least one layer
of the intermediate layer has a hexagonal closest-packed structure or a face-centered
cubic structure and crystal grains are segregated from surrounding crystal grains thereof
by oxide, nitride, and voids.

(3) The magnetic recording medium according to (1) or (2), wherein at least one

of the intermediate layer has a granular structure including crystal grains having a

hexagonal closest-packed structure and a grain boundary formed of an oxide of at least
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(4) The magnetic recordi ng medi um according to any one
of (1) to (3), wherein the seed | ayer has a
conmposition classified into a body-centered cubic
structure in a space 5 group and an anor phous
structure in a thin region of 0 nm (5) The magnetic

' ' di N of (1) t 4),
o SR 1 T HPME S0P 5 thisiBedd i Pelo cal G Fe Bz, Mo, Nb,
. Q.5 to 10 ri 6) Th ti cordin
Iﬁ@%&ﬁﬁ?i&%ﬁ@ﬂ&%@ ?o an;lghe(o% (1? ?gg?g)tcmggreinl )

the average crystal grain size of the internediate
| ayer (#)sThermagnstic aengediog miedium becofdingto aOorelof (T (3
magnetic recordi ng medi um according to any one of (1

theoseed Jayenhas i ompdyetiredskst e htol asod‘dgf&ﬁférég c@?co%%e in a space

material containing & and M and the conten

grdup dhdtaRQniAPtis brud@rédn e éﬂ?‘o egig;ﬁto(fg g 8) The magnetic

recordi ng nmedi um accor di ng (1) to (6),

wher ej laver is formed of an alloy nateri al

cont ah T HahERE rde B nied B S5oufine Bt arpronciof (Disoi(h), wherein
the.range_.qf 30 . at%tao 75 at% (9) The nagnetic
tl}e&@’&?‘ﬂ?ﬁ%g?f oﬁeﬁﬂfaé’ébtﬂlaiﬂﬁ’gmfl%e @ﬁ(-@ﬁ onetoof0 i) to (6),

wherein the seed layer is formed of an alloy materia

cont altiThg neenghel recerding metimt acebatitg af arffroriesof (i )ﬂogb)? wherein
range of 35 at%to 65 at% (10) The magnetic recording
theeyertage atysal diahg size ofithe inRemediate 1dyet & ihGhe rawg@aﬂ Bm 6% nm.
the seed layer is forned of an alloy materia

cont a(7)iThg ﬂa%néﬁ@récb?d(i%%%ﬂe&rﬁién Qn%:o%gl%é B SIURL of :(@ £3(6), wherein

greater than 70 at% g C recor
theadi ' r.opne.of (1).to.(10),. wherein
Ry B Rt R B 5l eofin ! P o0 heapespt of i
: d,an alloy material thereof and
lsﬁéé%%é%@c?n%%tﬂgg@@- packed structure. 25 (12) The

nagnezi%,recordlng medi um according to any one of (1)

to (1) The sacpeiis ecarding mediam amserding/erangfont bé (1) to (6), wherein
internmedi ate layer is fornmed of an alloy materi al

the serdalarierriy farmededen ating nefteriab nontaintigobr il Heh8®eshntent of Cr is
froma group of elenents having a

in the range of 30 at% to 75 at%.

g, wherein

(9) The magnetic recording medium according to any one of (1) to (6), wherein

the seed layer is formed of an alloy material containing Cr and Fe and the content of Cr is

in the range of 35 at% to 65 at%.

(10) The magnetic recording medium according to any one of (1) to (6), wherein
the seed layer is formed of an alloy material containing Ta and the content of Ta is equal
to or greater than 70 at%.

(11) The magnetic recording mediuxﬁ according to any one of (1) to (10),
wherein at least one layer of the intermediate layer is formed of one of Ru, Re, and an
alloy material thereof and has a hexagonal closest-packed structure.

(12) The magnetic recording medium according to any one of (1) to (11),
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face-centered cubic structure, as a main conponent and

an el enment selected froma group of elenents having a

body- centered cubic structure and the at |east one

internedi ate layer 5 has a crystal structure oriented

on a (111) crystal face and al(Q ayered irregul ar

l.att.ic ésta King fault) based on mxture of a

‘?’%Féf‘él-’é‘g]r?ﬁ 088 13y§h PEths intormadiate taydr & fonmkd efet 410§ dnaterial

cubi ¢ structure. (13) The magnetic recordi ng nedi um

CaBEBHeE Hdeasonnslemant, vhichl) sdlectéd fhm a poap e Heﬁ%n{sqﬁ%ﬁlg a
of an

fone | ayer of the internediate |ayer is forned

adelaepitenedt @rbi@dritOure QR tadhdlh B6m3b el emen

which is selected froma grou %ﬁgﬁ%%g@?eﬁgﬁﬁg%ﬁomagoup

of aleereB & Ha®Ingth Kodhl r s a fmai n component and

an el enent {ngel ect9 ecgnﬁe(@%%gfégssrgﬁ%“e %%F@ﬁ&ﬁf@nﬁawwchme layer

hQ@%@x@%P est - packe ructure, and the at |east

one i nt éetpfrcelr%? gflgmg‘i% P(z Hig. crystal Jageand atlayesedireegular lattice
hented on a,(111) crystal face and a | ayered

(él?érc}(gn&ﬁ% 3III)OlPaqu §>I& y%@fedgkq @@e‘ﬁ%mi‘tm@ chbis sthuctarerdndtabolydentered

@af ace-centered cubic structure and a 15

CHYtyUIedEeer ed cubic structure. (14) The nmmgnetic

recordi ng nmedi um according to any one of (1) to (13),

wher e(13) dbe hmgatticaeortimygehiedimtRgor I}IS trz]ag{; oh&GP( 1‘? i &2),

| ayer has a granular structure inc

whereirDaragiRebmheCla ot infrAb &St qg?ggs Forféségi -?alrfl ér? %ﬂé}ﬂ@@reéial

boundary of nonmagnetic oxi de.

ORGP Ial BafR e WEAGE %191!:1? %I & CS?aﬁgilfffgl!’l] g ,gg(fg.}g(qlﬁ? qlér?e;q(;gl/gg\;ing a

wherein a soft magnet|c

) phous structure. (16) A nmagnetic recording

fag%ger?grgrag%g isﬁbctg{;pgsr HNgY CERNDERT 3yl aa elemgeretstlected from a group
trzcor di E@g .medi um and a magneti c head recording and
of cleinertt R viRg & h;)@ﬂgﬁmlim_esimaalmﬁ stfucane,tnd theginedst 6ne
' %Séoéidi nlg nEdi um wherein the magnetic recording
InteEnpdifici layer hes a ofyshgnetire orieaed dhag 1 B FEGA
. to any one of (1) to (15). 11 [0018 D%??;Sr@%li ngq{ngia{ﬁ%gered
lrliegulemléa_ttmﬁ {(stedking fapp st 8n hxREOYF Qﬁc@-cgr?tre%%nc%bﬁ:us!tr%gmue and a

magneti c
body-centered cubic structure.

(14) The magnetic recording medium according to any one of (1) to ( 13),
wherein at least one layer of the magnetic recording layer has a granular structure
including ferromagnetic crystal grains and a crystal grain boundary of nonmagnetic
oxide.

(15) The magnetic recording medium according to any one of (1) to (14),
wherein a soft magnetic film of the underlying layer has an amorphous structure.

(16) A magnetic recording and reproducing apparatus comprising a magnetic
recording medium and a magnetic head recording and reproducing information on and
from the magnetic recording medium, wherein the magnetic recording medium is the

magnetic recording medium according to any one of (1) to (15).



recording nmediumw th a high recording density in

which the ¢ axis of the crystal 5 structure, that is,

t he hexagonal cl osest-packed structure, of the

magnetic recording layer 1is aligned wth a very small
angl e variance with respect tb the surface of the
substrate and the crystal grains of the magnetic
recordi ng |l ayer have a high density and a very snal
average size. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
[0019]0%B6 1 is a sectional viewillustrating a
confi%;ration of a perpendicular magnetic recording

medi umceardogdo nige inverdtiong THOBHIITRIM ¢ [ i .
FIG2 is a diagramill ugt ratgdi) ng aogrfﬁﬂgt@&pgx‘fjge?&lgﬂlﬁrma@em
rqeerdien theGiiindtvi ' ig:. 15. and reprodycin

ora oo (ol RN m Bt 20 AR

apparatus according to an e

T RRYI THE | NVENTI ON '
> SJ{%‘%} m%%%%ﬁ@ﬁ%teﬁéﬁ%ﬁvgﬁ%ﬁev@l ¢ Paguriicdeeqsding layer

- R il with reference.to the acconpanying
lsc?;ﬁ §8§&n‘3’§ h G &%ael LSS HERHICP Avith espect to the pyréasd iof theasubstrate and

magneti c .recordi ng nedi um 100 according to an
the EEHES of the meagnelierecoding lagénives adiginddnsitp@RES béry small
underlying layer 2, a seed 25 layer 4 and a first ’
ayoRgershaedi at e | ayer 5 constituting an orientation
control layer 3 12 controlling the orientation of a
filmformed thereon, a second internediate | ayer 6, a
magnetic recording layer 7 in which an easy axis of

10 magnet i zat i on gRQEy RIPPS ' ?
per pendi cul ar to aqgu %tratgﬁigﬁngg F%g§ﬁ§§§e.layer 8

on a[@gﬂﬁagnetic substrate 1. The orientation contro
| ayer I'ncl udes plural |ayers. The orientation
contgﬁg%ia er 59 3. can be applied to a new
per p 3 pechigpgiras g lusEaiings senfiguasticarfEQErperdicutar
a . .

magnetic recording medium according to an embodiment of the invention.

FIG. 2 is a diagram illl._lstrat'mg a structure of a perpendicular magnetic recording

15 and reproducing apparatus according to an embodiment of the invention.

[0020]

BEST MODE FOR CARRYING OUT THE INVENTION
[0021]

20 Hereinafter, the invention will be described in detail with reference .to the
accompanying drawings.
[0022]
As shown in FIG. 1, a perpendicular magnetic recording niedium 100 according

to an embodiment of the invention includes a soft magnetic underlying layer 2, a seed

25 layer 4 and a first intermediate layer 5 constituting an orientation control layer 3
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di screte track medium and a pattern medi um of which
the recording density is expected to increase in the
future. [0023] An Al alloy substrate of Al -M all oy
containing Al as a main conmponent or a 10 substrate
formed of general soda gl ass, 1%l uninosilicate gl ass,

s, alass, silicon, tifanium ceramcs,
BEPRBEUR iiion SLp a0 2pred Sheonrascoand bsereistalyer 6,2
t he nonwa%netic substrate 1 used in the magnetic
MAERTGTeRgrdtRedRYeh 71in0vhiel an @asygaxisoofithegnetitaidinr(erystabé-axis) is
the invention, as long as it is nonmagnetic. The Al
alignegpesprndicutay ¢ @sultstreteghmts proshsive adyer 8 oh a nonmagnetic substrate
crystallized gl ass or anorphous glass is often usSed.

1Th@he baismatietbedntdl Biybs3 RicRidRE 3Rl Hid Qe dnshed
substrate or a |ow Ra substra?e Wl%%r%a?iﬂe[c%gn‘?%on coritrol layer
3teaX bl hSp IR0 S ' | led therein., [0024]  In,.

a pr ocg%lur e of e@ﬁﬁ@lcﬁ}%ﬁé&oﬁﬁﬁ%&e&% S‘&"’fhsf{f,a“;‘; C medium, a
t | eneral |y washed and dried first. In the
d?%t;entt?%g{ﬁf‘é@‘t"%i wdg %%%Pame@% a?wgwa thg gsserdingdensity is expected

tWashed .arhflj ?ri ed 20 before the formation fromthe
AHPERPYH RS Ear ant eei ng adhesi on of the |ayers. The
mashin% can be performed by etching (reverse sputter)
as weldU23k by a washi ng process using water. The size
of the substrate is not particularly limted. [0025]

The | Ayevisllof sthieaeepandi QUbRCoMBRREL A Cas L5950
medi um wi | | be described. 25 [0026] 13 “Fhe SOP?&mnauora

subsigae fognddnadechstaNd dh 3RS, oQﬁieé(t'g %gag%%?nﬁ@%gfgtlass, silicon,

per pendi cul ar magneti ¢ recordi ng ne
titERGRE hnkiad [ er serves to quide a  recording
magnétic fi éﬁ%p}é irg’?ﬁdgﬁ%éa Fiiv iy Besgjfsgf‘“& i%E B9, 2s48p pgnmagnetic
rpendi cul ar  conmponent of the recording nmagnetic
S“?)Ptg?tg%t‘%""? H‘e&ﬁH&ﬁa?ti‘%f%E gmRdiureld aecendinge the ambediment of
thof. recording a signal on a nmedium Materials such as
S veRken. g8 |1(H§E, asgt saenrgeagticoy , The Al alloy substrate or the glass substrate

of crystallized glass or amorphous glass is often used. The glass substrate is preferably
a mirror-polished substrate or a low-Ra substrate with Ra<] (A). Atexture may be
slightly included therein.

[0024]

In a procedure of manufacturing a magnetic disk, a substrate is generally washed
and dried first. In the invention, it is preferable that the substrate is washed and dried
before the formation from the viewpoint of guaranteeing adhesion of the layers. The

washing can be performed by etching (reverse sputter) as well as by a washing process

‘using water. The size of the substrate is not particularly limited.

[0025]

The layers of the perpendicular magnetic recording medium will be described.

[0026]
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CoTazr alloy having a soft nagnetic characteristic can
be used for the soft magnetic underlying layer. It is
preferable that the soft magnetic underlying |ayer 2
has an anorphous structure. The anorphous structure
can prevent the increase in sldface roughness (Ra)

and c reduce a.liftin i stance of the head, thereby
incr egglle rsfg);iSEI e Te° P‘é‘%&lﬁ' &gﬂ@y eﬂgn@ PEQrided-pnyaany peypendicudar
single layer of the soft magnetic layer, a layer is

TSR Trsedmenmafhivgs. a The soft magnetia undedyinglayer strves foi duide a
Is interposed between two |ayers to cause the soft
TefReiing magheticefield drnaw beaARd BREidiaithl agply ¢kpegenditulahe
underlying layer 2 is in the range of 20 nmto 120 nm

camgonan obthe peapeinginfbetes Te1aed teReRHR Y d; - .
bal ance of the regor Ing and reprod%l‘ﬁlnge&)ti]dlhg?nedlumatthetlme

of Ab Lighd g © i
E R bE o a8, AL 3o e o ey  Cozanaltoy,
b2 ian. cont rol | ayer. 3 controlling th .
Cg)r I e n%lg) ihggmgfy%?f&lﬁgﬂ%‘i CREASER e hesusgd gﬁi daespfbmagnetic
t%e soflt magneti c under|ying |ayer 2. The orientation
R IRg laysty et i Preferablsdhatgheisefi masmesicsmakilying dayer 2 has an
call ed the seed |ayer 4 and the 20 internediate |ayer
amPEoUh ETUCHS t r Ahe amiogthous SBRBIre chm ptdvent thy &ntdaefin dutfice
average crystal grain size of the internediate |ayer

reyizhfess fRa)omd| ces sedwe ariifting eidtante 60MMsih@ed, Ahdrowy fﬁf:re}éélﬁ% the
ayer

wettability of the material of the internediate

resbiding ésRRet InaddifonSe %@iﬂg’l‘é’s Berfor Wik She: hﬁlgﬁa \r/IQ?e(%,gas layer is

Here, the average crystal 25 grain size | aru
ofiéh AMBNAUS; Gl : |hed ati.sticall

or 0Cessi ng ‘%ll ame ?ﬁlgqﬁﬁlad 0 .%r%%ﬁg? R CRRPIITeR Fo layers to

| yeseparat ed n t rystal shape of a filmis

e RIS Bt Bve it Mheiand A8 e8ho She sodestying layer
. M ¢rosco e&TEI\/p. In order to pronpt internediate
15118, Ry rapgs it 2 amite 19 81 M can be aneneplyolstersired deperelingon the
while maintaining a small crystal grain size, it is
balange&f s recerding andereproriticibg charyctefistichadithé everagita(Gew)

| ayer on 5 the seed layer 4 is nhot so good. A contact
chamagiteristis. general |y used as an indicator for the

[0027]

In the invention, the orientation control layer 3 controlling the orientation of a
film formed thereon is disposed on the soft magnetic underlying layer 2. The
orientation control layer 3 includes plural layers which are called the seed layer 4 and the
intermediate layer from the substrate side.

[0028]

In the invention, the average crystal grain size of the intermediate layer of 7 nm
or less is embodied in consideration of the wettability of the material of the intermediate
layer with respect to the seed layer 4 which is amorphous. Here, the average crystal -

grain size is a value of an average diameter obtained by statistically processing diameters
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wettability. The contact angle is a quantity

cal cul ated as a tangent angle of a droplet which is

formed by dropping nelted internediate | ayer material,

on the solid-state material of the seed |ayer with

respect to the solid surface14The poor wettability

oFeans t hat t#g is large. That is, when the

P Ay SR heains e e © e&r Y\R;F%at?ﬁ@v Béhe arystakshephpf 4 film is observed,
mnth respect to the material of the seed layer 4 is
frsxamplenith atrapsmigsiogreléctron aaiorosbepec@ MY  floiornded t@prompt

the tine of depositing the internediate |ayer on the

igerewbdiate/fayerkrystilaid oW e the antorplRdtRiseed ia98 Plvhiib ﬁmntmnmg a
material of the seed layer 4 and the nmatérial of the

sthall efyRRl pRiesibAYEk pkéfeﬂé@lecmatttﬂ@wgﬂ%ﬁf}l of?g? {n?erg}%dlaﬂe layer on

t he range of 10 to 100 degrees can era
aver .4 is ef er abl
e B el 2B T ka8 0 i for e

9] Values descrjbed in a data book or
ng%a‘ﬁllgf o Ths 1A% el a8 Shadiis Shleuleied At tanisnt el peldroplet
hﬂh [ nventl on and can be cal cul ated by the
I1HITAG] & sirerping meltedkintarmedintd layaSxateBhbonythe sifidVsthte
20 Here, ysX represents the surface free energy of the
mgterial ¢tihe ofedtlaper satdrekpaceto the sol¥d Mufzepr e TRObSortwi@tability means
surface free energy of the material of the

thiatithe com@éteis frg@y erhatadﬂd/hé’ﬁﬂiérl}{terﬁl%@iﬁ%ﬁﬁ%ﬁalt % the poor
interface energy of the material of the seed aveP 2

wattsbilitySwifffes ﬂtBéc@'to S n‘i;ﬂ@r al 'o?ﬂ?ergé?ﬁ \RLES 138%%{1 61{ (1)1? tal grams can

In the invention, In se ecting mat eri a

ich ous, dependency of the
bSEEtly tRl et ct)ﬁrl\ﬂe of fiah e i hsrinegiscsgioon thy sreddryer 4
e .t hi ckness the seed |ayer 4 is inportant in
adﬂaﬁﬂ?ﬁlbr? g “’%é’tf thasnpterigl offthe predripyasd and tof matesial of the
,|nterned|ate | ayer. When the seed layer 4 is fornmed of
infqrmedinisy [a¥is i Whishethe sbntagtiangls i5 ik thewangefwft] 0tth @ 08 defraeecan be
unevenness of the seed layer 4 is reduced with the
prefesatdpueedin the iiveltives s Tok stdtelageedlis ryRtably ffled BES material

the crystalline orientation of the internediate |ayer
with a melting point of 800°C or higher.
[0029]
Valu'es.described in a data book or the like can be used as the contact angle 6
defined in the invention and can be calculated by the following expression.
O=arc cos{(ySX-YSLX'Y)/ yL'}
Here, y5* represents the surface free energy of the material of the seed layer 4,

Y _ :
YL~ represents the surface free energy of the material of the intermediate layer, and ys. %"

represents the interface energy of the material of the seed layer 4 and the material of the

intermediate layer.

[0030]
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4 is inproved. However, in order to inprove the.

recordi ng and reproducing characteristics, the

magnetic flux froma head should be attracted to the
magnetic recording |ayer 7 as nuch as possible.

Accordi ngly, when the thicknets of the seed 10 | ayer 4
mhichhiﬁ?non netic ig%ggcreased, the distance

bet ween t He" gﬁe‘f’isﬁle?t amaerial §f the sgedilaglerthwhich is amorphous,
ﬁngerlying | ayer 2 fornmed of a soft magnetic materia

the dencafencyead stalline otibmataon oftbe imernetliddRyseeigieithickness of
flux is weakened. Therefore, it is preferable in the

thersesd thayen 4tiapdrteet ioradsitin to ke WEttIR0F O Iﬁéteﬁsﬁf the
internedi ate | ayer can be nmintai ned even when the

insThediae Sayee e dwhay ele sded'R§ed %%?& gij t@%%ﬁ&gﬁﬁ% %l’atetgl%l, it is

or less than 5 nm 15 SpecCific
I - | or Ta, al | an _be . )
Koo ap oMt Hheelinds ot 2 fset rehied R84 e dnprease in

I -centered cubic structure in a space grou
O DR e C i s Siallngicomhrion Bt crmediate layer
nm [0031] _In the internmedi ate | ayer of the

4ihiraproveh, Hemeyercdnpedaatto gnprions therrecdrdinged repraduci2d

alloy material containing Ru, Re, or alloys thereof
charostagsticshibg agnetic filvofresita Ipadisholuld be dettadied Rk mBgfic
all oy material having a crystal structure oriented on

revofdifid Jayer ¥ at aluch hapessie %&@Y«ﬁﬁ?g, @ﬁ%rx?tﬂg kikdedl b B8 seed

(stacking fault) based on the m xtlre

ldye£8vaeeH 8 meHmage iiﬁfefé‘ﬁgé{f, ﬁleadlgaxgceq}%g%%eglggé {%réaleggstic recording

cubic structure or the mxture o

i nd a-,hexagonal ¢l osest-packed. .
T S e el B0 R2 SRR ofiaigie oterigbis increased and
toriﬁntation %f the magneti.c recordin% | ayer stacked on
B0 &9 SHHactRR AT Ahe MpggRiiC tTux is ysakensdi al heretbee, ét isipnefdrabe in the
.the crystalline orientation of the internediate
mvenieen thahide oy siaiing grismtationtof the infermhdiaieriar kRl bah@intained even
| ayer is very inportant in manufacturing the

wher ferataphars seedjhger Chaseconai tekies d4al YBe kst Boin 5 nm.
wettability of 5 the material of the internediate

Sl L0 (o A TN o B OB S
uset WHih hidBchpdsH{dl dSsick il bsodlypcvé/ntiepedacrlllbic structure in a space
group and which is amorphous in a thin region of about 10 nm.

[0031]

In the intermediate layer of the invention, small crystal grains are formed in an
alloy material containing Ru, Re, or alloys thereof having a hexagonal closest-packed
structure and in an alloy material having a crystal structure oriented on a (111) crystal
face and a layered irregular lattice (stacking fault) based on the mixture of a |

face-centered cubic structure and a body-centered cubic structure or the mixture of a

face-centered cubic structure and a hexagonal closest-packed structure.

[0032]



o
W

initial growing portion of the internediate |ayer in
order to inprove the crystalline orientation of the
i nternedi ate | ayer. However, when the plural
internedi ate | ayer <crystal grains on the crystal

grains of the seed |ayer 4 coMtinuously grow with the
grains are conbi ned

I re, .the. I

dur no TR ERNGE BriepRuSh FF b melriicardnggres stacked on the
.crystal grain of the magnetic recording |ayer 7
“étﬁﬁx?f‘éﬁ‘?t%%yﬁr i§ubRaially Kletesminsidiwdhe erystabline ogieaiationbf the

.the internedi ate | ayer, the crystal grain size

iptpanasiaie lyen thewridn@tionzenol dfftke in‘t‘@ﬁﬁ'dfa&dlagér% Y&y important in
grain of the internediate |layer. [0033] 1

nnafacdiringltife pdrperddicilar ti8 Recodd WOy .

i nt er medi at ep Irgilers of ?%{glf i ?Cgt mé ﬁtégirurlrﬁédi at gnlﬂgeyvger:ttabblhty of
i datt RS TR I Al er 6.fromthe_.substrate .
AL R BV B L L o e ol e Bl B 4 i
' ti EL 10 S ferable that the first | _ _
bRt brelele St el Beian S e ofirraing epflesisupre in an
.eﬁqal to or less than 1 Pa to inprove the crystalline
IhERowing Aortign qfithe nteraadiate leyer inappdar to improwd e ¢rpstalline

i.nprove the 20 crystalline orientation and to suppress

OpfrialiIhefi thaintgmedfate lagerr Hiivedvegvaienshe plogal idtbghdiess layer

of the first internediate layer 5 is preferably equal

crystabgrairsroa théverysthl grairarsd tesjseal 1dyRr @contifidRslyNAbw ;
and nore preferably equal to or }?}Dre t han %:k?m ;Vﬁgmblow gas

pR&iiRe, thOcr9ktal &s%f@ébmﬂigecp%ﬁrﬂ\ﬁgﬁtgéoorw& 0}:Bleeh Es 8%&(& a single

internediate Tayer 6 of the In S a he

ciys@pEalr &qﬁgﬁq%&e?tic éﬁ%rﬂﬁ}%tﬁ ?r%epﬁ\g%igﬁg gﬁchps{ ()S{g, d ngl iin(i:d crystal

StrucCture to cause t

t hereqgn t rqw epitaxially. In order to
e e IRt By B hue gk ingresens toteappradsss
t he conbi nﬁti,on of the crystal grains by a
CHR H‘?‘g?lé(été graineqfithe fmsermedipte Jsyotess, the gas pressure
is preferably equal to or nore than 1.5 Pa and nore

pref el0883ly 5 equal to or nore than 3 Pa. Wien a
crystal grain is surrounded with a grain boundary of

oxi deAcvordingly] fiehe idvehtioR @ fabl tRolifteAHRRER ISy et d\6F the first

conmbi nation of the crystal grains and to
intermediate layer 5 and the second intermediate layer 6 from the substrate side are
disposed as the intermediate layer. In the invention, it is preferable that the first
intermediate layer 5 is formed with a low gas pressure equal to or less than 1 Pa to
improve the crystalline orientation of the intermediate layer. In order to improve the
crystalline orientation and to suppress the combination of the crystal grains, the thickness

of the first intermediate layer 5 is preferably equal to or more than 1 nm and equal to or

less than 15 nm, and more preferably equal to or more than 5 nm and equal to or less than

10 nm.
[0034]

The second intermediate layer 6 of the invention has a hexagonal closest-packed
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decrease the size of the crystal grains by increasing
the grain boundary width. In the invention, by
suppressing the conbi nation of the crystal grains of
the internediate |ayer, a single crystal grain of the
magneti c recording layer 7 epltaxially grows on a
signal 10 crystal grain of the internediate |ayer and

& 7 fasr-Fanered cnbie styructate tgcaise the nmghsticatcdriimg layer 7
magneti c recording layer 7 is consistent with the

ereon v growi epitakiadly. [ BOFH tolgBnéaR JoRKEEHWAR: the B stal

second internediate |ayer 6 may be a stacked thin fil'm

gedins fasuppiess B cambfsion BEHREy RN ﬂh%kiaﬁghgé}i@%;#?%@fné forming |

of the internediate |ayer is prefera
the l; he hexagonal closest-packed
PR o SR DR L7 R e L BEBIGRAG preterably

[ t he,cr al . structure of the nmagnetic ]
eg%‘g wa mgr t&%ﬁ’t&  Fbengecryia Hainds swrmpunded satha graiskeyndary of
structure, but it is inportant that the (002) crystal
OKigdeor Pémg% IS [Papsiblg te pEpPsess thecemfinatinm ofiths tnystabgratdsaind to
is, that the crystal c-axis ([002] axis) is aligned
degreasadhguirqeftlie culstal goiiimsint inoreaving the freinl RASHarP 9HED! &n the
20 disorder. A half-value wdth of a rocking curve can

iventiere dyisnpmessirtd heRbm®hatieh BOthe drAe41804ins b fhStintefnediate layer,
filmfornmed on a substrate is set 1n an X-ray ’

a @inlofd @ éthl aiﬁm%@ﬁﬁén@ﬁq'ecotr&?gflzﬁ%? 7% ft%%%@y E{%Nglﬁ)ln? signal

to the surtace of t substra 1°S” an 7

i filmsuch as.the internmedi ate | ayer
of R fin 16 Gt Pk EARLIo RS s Mcrotiegn el rein densty of the
npex%gpnal cl gsest - packed structure, a diffraction peak
REPFELSENHINGJAYS /iR SoRsiSjent ayitipthe Haereasesn gtaimsized. | n a
per pendi cul ar magneti c recordi ng nedi um enpl oying a Co
aIonUX@é] the c-axis ([002] axis) of the hexagona
cl osest - packed structure is aligned perpendicular to
the shrthagwenfion, e suehsd iradrtnedinte laheiSe Map®BM stacked thin film of
corresponding to the (002) crystal face Is observed.

RWRE,@r by theebN n PatBeA0 neRge o rahe WAk dlde] Y808 breferably
face is diffracted, an optical systemis made t o

P A et O IR o H By 1o
oS R0 R LS ] e U
regér%\ll\rpg laglf-c!?rio%tein%gg alwl Isegiaégn%i< iclggesg-g&rxélk%d structure, but it is important that
the (002) crystal face is parallel to the surface of the substrate, that is, that the crystal
c-axis ([002] axis) is aligned in the perpendicular direction with the least possible
disorder. A half-value width of a rocking curve can be used in an estimation method
thereof. First, a film formed on a substrate is set in an X-ray diffraction apparatus and
the face surface parallel to the surface of the substrate is analyzed. When a sample
includes a film such as the intermediate layer or the magnetic recording layer 7 having

the hexagonal closest-packed structure, a diffraction peak corresponding to the crystal

face is observed. In a perpendicular magnetic recording medium employing a Co alloy,
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When the (002) crystal face is aligned parallel to the
surface of the substrate, a sharp rocking curve can
be obtained. On the contrary, when the direction of
the (002) crystal face is distributed wdely, a broad

rocki ng curve can be obtainedl8Therefore, the 10
rocking, curve iis often

0 of th
tﬁi‘é&“‘é@ 21 O B Pssond e Teseficrasd Hesctiei ciiemes pprpendicular
the E ndi cul ar tgnetlc recordi ng medi um
f ° SHRstetR Ak thasa peak qasrespersding to the (0843 biygtal face is
rmnuf act ure a perpendicul ar nmagnetic recordi ng medi um

Qferied naMhilaosintaing@a6Bragg Angleeat witetetht 0025 Faeds Bffracted, an
| ayer is a |ayer on which a signal is recorded

optical spétem. is nibde tBENG thesur L@ bHHHAGUbaYRL. | e
formed of a Co alloy filmsuch as Coly %bgf{lhl%rhlﬁrac“on

Sg?gﬂgtb&ge%@)%(%gi %%g%l%d&lé ﬁgﬁ% &the &@Igf &%Me optical
Sg-‘é?é;fl P§ ﬁw g%m&%%%c&on %cacr&% %aggl_zgr 1?%}?&? rgﬁvl\?nzlo curve.
Wn%ééﬁg? m@g ?aglfocg:ma @fé‘ehsﬁpfﬁﬁgm% Isgtr%;vpsml%;l{eoslfggtr;e a sharp

ructure, whereby the nmagnetic interaction between
QYRGS G b obgpiarths O theecsingrsd wied tichdirection 8£tHe002) crystal
reduced. Finally, the crystal structure and the
faea dmdistributsdavidelyea biati escifg tli®e chR¥EbbERLE! mrﬂé‘r]efo? éhe

recordi ng and reproduci ng characteristics.

half-vaies evidih, AGS0LXE (HRERKIH-WAraPR R u@gi ﬁ ! hlgglcator AP crystalhne

sputtering nethod is 19° used to
An RF blas a_ DC bias, a pulse

AARY S EH ers.

e tgo puI ééegg%%‘%c & mggnegicrecqudiggmediump gas. and N2

gas usegnghe gas pressure for the sputtering

is pr é%ofg’s?gd% IRYFEED; § lopessitly o eanidy uhanfactues a pérpesdicular
of the layers, and is generally controlled to be in
magpeticdpepsdiog mediumovigosRadl ABB@ gas pressure is

adj usted 5 dependi ng on the performance of the nedium

[ 0038[0036]

The magnetic recording layer is a layer on which a signal is recorded literally.

The magnetic recording layer is often formed of a Co alloy film such as CoCr, CoCrPt,

CoCrPtB, CoCrPtB-X, CoCrPtB-X-Y, CoCrPt-O, CoCrPtRu-0, CoCrPt-SiOz,
CoCrPt-Cr,03, CoCrPt-TiO,, CoCrPt-ZrO,, CoCrPt-Nb,0s, CoCrPt-Ta,0:s, CoCrPt-B,0s,
CoCrPt-WO,, CoCrPt-WOs3, and CoCrPt-Ru0Q,. Particularly, when an oxide magnetic
layer is used, oxides surround a magnetic Co crystal grain to have é granular structure,
whereby the magnetic interaction between the Co crystal grains is weakened and the
noise is reduced.  Finally, the crystal structure and the magnetic characteristics of the
layer determine the recording and reproducing characteristics.

[0037]

In general, a DC magnetron sputtering method or an RF sputtering method is
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The protective |layer 8 serves to protect a nediumfrom

a damage resulting from a contact of a head with the
mediumand is formed of a carbon filmor an Si02 film

The carbon filmis nore often used. A sputtering

met hod or a plasma CVD nethodlds 10 used to formthe
fi|mand the plasma CVD nethod is nore often used in
usgsktorfgra the apexe-sentionerblgyers.r oAnREabing aOObiwt Hedlse BT, a pulse
be al so used. The thickness is in the range of 1 nm
DGbws, GingaspHed @nalblypab, e ga8mes fusdd.NMEOg frilure for the
and nore preferably in the range of 2run to 4nm

sh@fe3Dk is popbifddeinsindd 5 GAATE te i 'Z:i%h'strﬁ% Fé fégglglr %61 is

of a perpendicul ar magnetic recording and Tepr
' di ar netic L
SRR At otEroRERYPK. 1l BRgBBR BTG “Pdlr I0R drprssure is adjusied

repr.oduci apparatus_shown_in FIG 2 includes a
dﬁ%&ﬂ&%"&‘ggesﬁ i Cﬁﬁﬁﬁ'ﬁmeﬁwm a medi um driving unit
101 rﬁ$ationally driving the magnetic recording
medi u (Eéb, a magnetic head 102 recordi ng and
reproduci ng 20 information on and fromthe magnetic

r ecor Thagrotetive faytDB® serach@asdodti &/ mB@ubrém HEmdPe b fking from
t he magnetic head 102 relative to the nmagnetic

a centactdifacthea® ditithd RdiuaNshBis 55 & @ﬁ%lﬁ?@( %f'g*i@z Hm.

signal processing system 104. [0040] e recording

TROCrbBR R HChRE SHANRLY T RSHSFE SURLEH 1A SRS L0

process 25 data i1nput fro

' ;gnal, 1o the etic head 102, and 20
w{B0 18l e T B0RU S ee SRS P g fire pRgmitan the recent years
wggggﬁic ead %%5 and to send the processed data to
ATREISHPR Pifsma (4 method aadieealsacusedad Thithidkniesscis i e range of 1
reproduci ng device such as an MR device an. 5
nRip 4 §iip preferahynisttor weizs bAR am (oAMR), ®idfeede, préfefa¥R; in the range
devi ce using a giant magnetoresi stance (GWR) effect,
ofahomaoRuir devi ce using a tunneling effect and which

[0039j

FIG. 2 is a diagram illustrating an example of a perpendicular magnetic
recording and reproducing apparatus employing the perpendicular magnetic recording
medium. The magnetic recording and reproducing apparatus shown in FIG. 2 includes a
magnetic recording medium 100, a medium driving unit 101 rotationally driving the
magnetic recording medium 100, a magnetic head 102 recording and reproducing
information on and from the magnetic recording medium 100, a head driving unit 103
moving the magnetic head 102 relative to the magnetic recording medium 100, and a
recording and reproducing signal processing system 104.

[0040]

The recording and reproducing signal processing system 104 serves to process

data input from the outside and to send a recording signal to the magnetic head 102, and
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is suitable for a higher recording density can be used
as the magnetic head 102 of the nmagnetic recording
and reproduci ng apparatus according to the i-nvention.
10 Exanples [0042] Hereinafter, exanples of the

inventi on wll be described i A0 detail. Exanple 1 and
i n which an

ké/sga e 1 15 acuum chanber
HD gI ass substy ‘éCLP%S‘@B#*&%@%@Hmﬂeae%loz/mqmme
o 1. .0x 10"5 Pa or less. [0043] Then, a soft

pn%cgeﬁ d@%atfﬂ&ré??VFﬂﬁ | ayer formed of Co 1 OTaSZr with a
t hi ckness of 50 nmwas fornmed on the substrate in the

at nosp@¥lé of Ar with a gas pressure of 0.6 Pa 20
using a sputtering nmethod. [0044] Cr40Ti, C50Ti,

Cr 60TiA magre@biheadCivhMincl ; F
G sore G oore and Tag e RpradttiAd Wyis S an MR device an

apReEopia nd Ru was forned
o Bt le sk P RIOIERL p O R rwsipmaniimnst v
of 2 P respectivel
M&%ﬁ%ﬁ%%%ﬁ%f%m %ﬁ%ﬁe% < 34w g effect and which
51 21 15 nmwas forned as a second
'é Fg Sh?fa%‘?fdms dengityseamdepised as the nisgnetid head 102%f the

pressure of 5 Pa. In conparative exanples, Cr, Cr20Ti,
MBEAgif recoring@nd arprod @8O AparatiduccbIiig®, thOirekgon and
Fe were forned as a seed layer with a thickness of 5
nmin the atnosphere of Ar with a gas pressure of 0.6
Pa (Conparative Exanples 1-1 to 1-10). A5 first
Exahplesredi ate | ayer and a second intermedi ate | ayer
were fornmed under the sane conditions as the
exanpﬂ()@gz [0045] 91 (Co 1 5Crl 5Pt)-9(Si2) (nol9%
was for rred as a magnetic recording |ayer and

Hereinafter, examples of the invention will be described in detail.

Example 1 and Comparative Example 1

A vacuum chamber in which an HD glass substrate is set was exhausted by
vacuum in advance to 1.0x10° Pa or less.

[0043]

Then, a soft magnetic underlying layer formed of Co10Ta5Zr with a thickness of
50 nm was formed on the substrate in the atmosphere of Ar with a gas pressure of 0.6 Pa
using a sputtering method.

[0044]

Cr40Ti, Cr50Ti, Cr60Ti, Cr40Mn, Cr50Mn, Cr60Mn, Cr70Mn, Cr40Fe, Cr50Fe,
Cr60Fe, and Ta20Cr (at%) were formed as a seed layer with a thickness of 5 nm and Ru
was formed as a first intermediate layer in the atmosphere of Ar with a gas pressure of

0.6 Pa, respectively (Examples 1-1 to 1-11). Ru-3(Cr;03) (mol%) with a thickness of
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a Cfilmwas forned as a protective |ayer, whereby

per pendi cul ar magnetic recordi ng 10 nedi uns were
obtained. [0046] A lubricant was applied to the
obt ai ned per-pendi cul ar magneti c recordi ng nmedi uns
(Exanple 1- | 1 and Conparati2ke Exanples 1- | to 1-10)

nd the recgrdi n agd repr.oduci ng characteristics
(e WS e g8 p ageond tetsEmetiate Jpver i tha aiposphert S Armeitiea gas
by 15 GQJUZI K Technical Enterprises and a spin stand Si
PressuRpf SHider dmeomparativaegmpies CatGCro0ThH @r8aTieTi St10MMAGI80Mn,
tested using a Kerr neasuring apparatus. In order to

Mnr2fEe, (r80F ¢ ayd Fa ek oraed aoh 8é¢ddiby @fwit S HRUxnRld % nm in the
in the magnetic recording |ayer, the rocking curve o

T TTrael o apoy Fh MESUTRAS PO &%ﬁ%ﬂ@ﬁ%’%‘%ﬁﬁ%@ fditad-10. A
¥ p ' f , t ta 050,
R PRty G RSB Fuge Bl b westomie Gdinpeame

nd..t he arati ve exanpl es based on the
Cﬁ%(ggﬁrﬁsee}éﬁ%‘gxaﬁ@eﬁ‘i sted in Table 1. Any paraneter

thereof is an indicator widely used to estimte the

per f ofifdite of the per pendi cul ar magneti c recording

medium [0048] 25 In Table 1, since Ru of the

i nt er AE@icA6Er1RYRI(SiBH (ool%htas &stned ab BendgRCR) rekb¥Bilayer and
22 face on the seed layers used in Exanples 1 and the

a1 e Wa forafed a8 Mot AR afdl Whdheh - :
epitaxially gr ew@?% t he a2’00’2) crey}g? éa ericg@g%%agnetm recording

nRA e Wb QBtaigsel | val ue coul d be obtained as the
delta 050. Since the wettability of Ru of the

inter[@%gte | ayer was not good and the grain size

was controlled, a high SNR was obtai ned. On the other

hand, ,In 5 Cr_80 (at%, since the seed |ayer of the

conp aM}%WnEWBWI%@d Vi Bregibtaipetipdrpendiaugrdpnetic regstdihg
face orientation of the body-centered cubic structure,
mediupss Expmplecld! | and Gempaeiye Ezampleall - I wcle] Orandnhiecoifing and
not in the (002) crystal face orientation, and thus
repheiudglgtchafib@riefics wée tes@ingingdCa fa8 ahd e L&}I{ﬁer ¢839 fhade by
not be estimated. The SNR was also low. In Ti__>80

GUZIK Technical Enterprises and a spin stand S1701MP. Thereafter, a magnetostatic

characteristic was tested using a Kerr measuring apparatus. In order to examine the
crystalline orientation of the Co alloy in the magnetic recording layer, the rocking curve
of the magnetic layer was measured using an X-ray diffraction apparatus.

[0047]

The signal-to-noise ratio (SNR), the coercive force (Hc), the delta 650, and the
Co average crystal grain size in the examples and the comparative examples based on the
measurements are listed in Table 1.  Any parameter thereof is an indicator widely used
to estimate the performance of the perpendicular magnetic recording medium.

[0048]

In Table 1, since Ru of the intermediate layer was orientated on the (002) crystal
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(at%, since the seed |ayer was aligned in the (002)

crystal face orientation of the 10 hexagonal

cl osest - packed structure, the internediate |ayer and

the magnetic recording l|ayer also epitaxially grewin

the (002)' crystal face oriemation. However, in order

fto %taia the crystal orientation property of the

HEGRET ¥ doisrisey in Byempleg diandithsmagetic hedording 14yR€ formed just
case where an anor phous seed layer is used, it is
ﬂ??é%@se@ﬁ?«yaﬂb gfegy m thir €00D) caylstad YaceWwrichtadiod, H SdESRuSEoul?be

nm or nore. However, when the thickness of the seed

obtained ad thel delth ©36 £ dginkh ﬁleas%tfa"’?)?ﬁljg?@ RAfof ae?iﬁgftaq%g(%%ieclayer was not

flux fromthe head at the tine recor

IREXR ad h gvl .S lowered. In Nh_80

S at % %g Fﬁag‘gm%% g'%é e%‘gﬂﬁg et ﬁlg&éé‘h? "iePhtamedst Gnithg etdrer hand, In
Ca%%e(%{g/éds.urfﬂjce unevenness was great, Ru could not be

bt Sincg fepsged lager gftheompimtive ermnmenslad digaed Wose (110)

alti ]Tned in the (110) crystal face orientation

CTypiad fage pyentaticadr ofahelbodyecsmerné tilbic IRIRAe, RE Wil aREANE:

as a noise, the orientation and the 20 SNR vvgrgﬁé/deﬁthe(lm)

cretsthlefat©bmdRgtionEnaip e @)nggrg/?fta[ ALl %gf:llll’:%t?(?}glﬁgﬁi g}gﬁ@e delta 650 of

Simlarly to Exanple 1, magne
.Or50Ti, Cr50Mn, and

. | ass substrat e.

thtég@%ﬁgm\?m}%{’ﬁ‘dg‘gta‘ﬁ%m&@s“%%e sstimigar e ThoPNRdwassalso lwed In Ti>80

Ayer in the 23 atnosphere of Ar with a gas pressure
(af5p); finge e seedk ket wes dligned on the3P02) anydthicfaceCaipadiahi ofehe
hexarrpllrg1 thereof, Ni, Pt, and My with a thickness of 5
eXARane} elosest-paakeil strutthe, eeTBGPRBHILeQSyeNan i -
pressure of 0.6 Pa (Conparative 1E;:an}{al gg 2- rlln?%lgg-éf'scf)rdmg
layed @tE0]epHaibity greuinthé 002) LR/ rimwas .

formed as a flrst intgﬁ%dfy{g%@ﬁ;@?ﬁ%ﬁgn. (O BTy o0 order to
obtdi® k84 crthibrRnt i f-: 10 nm was fornmed as a.

secon dcrlwnt er ne dal!ﬁlzgl)tﬁ E’ Rﬁ%?/% ?)f ﬂlgenmfl%'éeuﬁtr Fﬁ%ﬁ)‘ﬂ% ?3&5’ ehpquAyalent to that
- WA ressures of 0O Pa and 10 Pa. 91 (Co 1 5Crl
in e %S%?@F%f? TR e g?éeralsﬁ*é% &t 15 Beqessy & fogmithg & alloy
Wi\?{ﬂgeltrhg carbaon film was fornmed as a protective |ayer,

Hyess %ﬂpﬁgﬂ Qf Bprar Heyeear vhenstbo thitlngssreftthe seedliyer

. was cciwbt ai ned., ]
Increased, the attraction of the magnetic flux from the head at the time of recording is

weakened and thus the SNR value is lowered. In Mn>80 (at%), since the seed layer
was finely crystallized and the surface unevenness was great, Ru could not be oriented.
In Fe>80 (at%), since the seed layer was aligned in the (110) crystal face orientation

similarly to Cr and the magnetic moment of Fe serves as a noise, the orientation and the

SNR were deteriorated.

Example 2, Comparative Example 2
Similarly to Example 1, a soft magnetic layer was formed on a glass substrate.

Cr50Ti, Cr50Mn, and Cr50Fe with a thickness of 5 nm were formed as a seed layer in the
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[0050] In the exanples and the conparative exanpl es,
the signal-to-noise ratio (SNR) and the overwite
property (ON were nmeasured by the GQuzi k nmeasurenent,
the coercive force He was neasured by the Kerr

measur enent, and the delta 05@3was measured by the 15
The crystal grain size

- i ffraction measure
2&515%?96&5 |‘W’6§/a§fls P*i‘?éS%gﬁ%éuP@ (Exaopled2rigtol 2219 pr Inalse
nmeasur ed usi ng pl anar TEM i mage of the magnetic
OBPBFAVA gxqﬂa}alé rthereqfhbh,rfés@nd Mgawith 4 tiitladss of Talveerd formed in

0051] As can be seen from Table 1, in the N or

elendsplyae ofiit Withhaepah peesseenif IEPh (Cnsathtive Eiin&tﬂéﬁ $1102-3).
since the crystalline orientati on was good but
grai n[68049¢ was not controlled, the SNR was | ower than
those of the exanples. In the My seed Iayer vvith t he
hexagamgh €l t ructur si.nce
vvet tability %ﬁﬁ%l}hﬁm%gégg’tﬁbggbwaﬁﬁ) e‘é?ﬁ?lﬁr%nité%ate layer and

ver, sin the (002) crystal face

or | entzé{nsp%) Fqﬁ%ﬁﬁ\mess HEEO%WF%@@F?? d 4 & peqond intermediate layer
lléEjgcknes of 5 nm_ the SNR was |owered. In the

fyrehere Arovigh sarpressutes ofd).@Pa aid 10Baseed | ayer
is |lower than that of the Ni or Pt seed layer. This is

924 o156 BAPERI(SHE Jovasstbrhedjasi maghatk: rebortili@ 1ARGRRY 'aQ:arbon film
recording | ayer was reduced an d thus it was easil

vas foroedasd poytettbatlafdruaherdby @ 9
force was | ower tha% t he ajét %gfﬁé@%(:ﬁgyn%%gcn%%%d?g medium
wapabajEgar ati ve Exanpl e 3 90( Fe30Co) 5Ta5Zr was f or ned

as a soft magnetic layer on a glass substrate.

Cr 50Tfgos6r SOMn, and Cr50Fe with thicknesses of 5 nm

and 3’ nmwere fornmed as a seed |ayer in the
a gas pressure of 0.6 Pa

at nos [gre of Arar\gg h
(Exa n‘f& geganip $ comparatiyg c¥unRplas.dh¢ signalxtamplise ratio (SNR)
thereof, Ni, Pt, and My with thicknesses of 5 nmand 3
VEIVIHe PEDGEH (DN ) Wereanenosret dyehe Gusik ma:dshreﬁhﬁlﬁﬁhe coercive
pressure of 0.6 Pa (Conparative Exanples 3-1 to 3-6).
force He was measured by the Kerr measurement, and the delta 650 was measured by the
X-ray diffraction measurement. The crystal grain size of the Co alloy of the magnetic
recording layer was measured using a planar TEM image of the magnetic recording layer.
The results are listed in Table 1.

[0051]

As can be seen from Table 1, in the Ni or Pt seed layer with the face-centered
cubic structure, since the crystalline orientation was good but the grain size was not
controlled, the SNR was lower than those of the examples. In the Mg seed layer with
the hexagonal closest-packed structure, since the wettability of Ru was not good, the
grain size was controlled. However, since the (002) crystél face orientation of Mg was

not sqﬁ‘icient with the thickness of 5 nm, the SNR was lowéred. In the examples, the

coercive force of the Mg seed layer is lower than that of the Ni or Pt seed layer. This is
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[0052] Simlarly to Exanple 2, Ru with a thickness of
10 nmwas forned as a first internediate |ayer and
Ru-8Ti2 (nmol % with a thickness of 10 nm was forned
as a 15 second internmedi ate layer in the atnosphere of
Ar with gap pressures of 0.6 P4 and 10 Pa. 91

s forned as a magnetic :

| 5Pt) - 9(Si Q2 ; f _
éegg%s?%%ﬂ'yﬁéb%‘%ﬂa%g %%/@%\F’&gﬂe% TEeArdiang 1ayer wad redyiced and thus it was
$%£t§§five | ayer, whereby a perpendicul ar nagnetic
biodusacedy heat flugtuation whersly tHe0BR] ve ReccTes ISNR: than the

the ON the Hc, the A050, and the crystal grain size

astual mdu€o al | oy of the magnetic recording |ayer are

listed in the exanpl es and conparative exanples in

Table 1. [0054] |In Exanple 3, the material of the

soft magnetic underlying | ayer was changed 25 from

Ex@inpid 8344 gbﬁlrpgﬁﬁggkﬁg%épfeo, 90( Fe30Co) 5Ta5Zr. By addi ng

Fe having Urated magnetization Bs to

| ower Ltion of Ta which is a nonmagnetic

el ener?lo,age?ﬁgggg[l%‘é%%}”@ﬂ?oﬂfﬁ‘ﬁa 8% f S FeANSHisslay s onetaglass suhsirate.
oye ite property was inproved. However, the

%ﬁ@%ﬁé@\w’[&r%&rég%wﬂhﬁ@cmqsmmé e bt B anawend fanfedas a seed

part was crystallized, whereby the surface unevenness

layes in the aimepliereAfooritingleys pressutdisf (56 Ba (Btahple® 19680%6). In
| ayers of Ni, Pt, and My, the orientation property of

thehenseeatieaxampletsreot] SViePi, A0 tHicidaSsek BE S KBESS 3 nm were
of 5 nm Accordingly, in spite of the increase in e

fov@ihitheaBioOfRS ¥1 ANGihS dadBrdsARL 8RAS f{a[]‘(cgﬁ}p‘ég?ﬁvg Examples 3-1

underlying | aver, the SNR wer e
tdslh Conparative Exanple 2. Wen the thickness of the
see | ayer was further decreased, the OWNproperty was

irrpror&% E)ut the orientation property 10 was
deterto & ed, whereby the SNR was al so | owered. On the

contrgryd in the exanple in which the seed layer is
anor phBtdarly tg Exsmpde 3Ry wéthdabickasss of 0 hhi whoRssedbs a first

inttgnenesdiezged layer and Ru-8TiO; (mol%) with a thickness of 10 nm was formed as a
second intermediate layer in the atmosphere of Ar with gap pressures of 0.6 Pa and 10 Pa.
91(Co15Cr15Pt)-9(Si0,) was formed as a magnetic recording layer and a carbon film
was formed as a protective layer, whereby a perpendicular magnetic recording medium
was obtained.

[0053]

The SNR, the OW, the He, the A850, and the crystal grain size of the Co alloy of
the magnetic recording layer are listed in the examples and comparative examples in
Table 1.

[0054]

In Example 3, the material of the soft magnetic underlying layer was changed

from Co10Ta5Zr in Example 2 to 90(Fe30Co0)5Ta5Zr. By adding Fe having a high
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rrup to 3 nm the orientation property of the Ru
lo?y?:o a}ol oy was nmai ntai ned and thus the SNR was
i nproved by the increase of the OWNproperty. [0055]
15 Table 1 Seed first contact Sanple |ayer crystal
structure Th( ess internedi at @5angl e dB Hc 16 50

- d Exanple 1-1
' %ﬁﬂ%# W&i‘gz%tﬁﬂn{ﬁéoﬁ% Oggl%eah%égg@ﬂsgl&cﬁ VBT 1sEndbfnagdctic

312 3.3 Exanple 1-3 Cr60Ti 14 16.61 4202 3.5 Exam
qA}gnqptﬂf thesaforate agigtiz®i@08ds Befeasddem theoverrity %@Pj@%ﬁ&as
16.43 3872 3.4 Examle 1-6 Cr60Mh Anorphous 5 (0.6

ipgyoved. 1804@vdr] B dndiphdas & Lof AhEXiHR) Ws 6terliBrared and a part
4029 3.5 Examle 1(ngr4 Fe 16. 22 4419 g“%l p

I - 1Q. .
St s e il AR Al

110[ bcc 5 Ru (0.6 Pa)

%E&s%e%% i mreasuraﬁé?@) '%o%%ntateqwogwan ¢ geed layers was
207 2 3 01 unnmeasur abl e Conparative

exanp ra}t tg%@ gm:3 §ocadpglysimspitcefitheriatices in the
overwrite property due to the increase in Bs of the underlying layer, the SNR was
lowered in comparison with Comparative Example 2. When the thickness of the seed
layer was further decreased, the OW property was improved but the orientation property
was deteriorated, whereby the SNR was also lowered. On the contrary, in the example
in which the seed layer is amorphous, in spite of the decrease in thickness of the seed

layer up to 3 nm, the orientation property of the Ru or Co alloy was maintained and thus

the SNR was improved by the increase of the OW property.

[0055]
Table 1
Seed . first contact
Sample layer crystal structure Thé;l;nrx)ess intermediate | angle ?(li\IB% (gZ) A0 50 (deg.)
_ (at%) layer (deg.)
Example 1-1 Cr40Ti 20 16.24 | 4246 3.5
-_Example 1-2 Cr50Ti _ 17 16.64 | 4312 3.3
Example 1-3 Cr60Ti 14 16.61 4202 3.5
Example 1-4 Cr40Mn 40 16.56 | 3984 3.6
Example 1-5 Cr50Mn 42 16.43 | 3872 34
Example 1-6 Cr60Mn Amorphous 5 Ru (0.6 Pa) 45 16.40 | 4105 3.6
Example 1-7 Cr70Mn 46 16.51 | 4039 3.5
Example 1-8 Cr40Fe 21 16.22 | 4419 3.3
Example 1-9 Cr50Fe 18 16.10 | 4381 3.3
Example 1-10 Cr60Fe 14 16.15 | 4334 34
Example 1-11 Ta20Cr 12 16.36 | 4284 3.6
Comparative Cr bee 5 Ru(0.6Pa) | 32 12.51 | 3420 | unmeasurable '
example 1-1 ; |
Comparative . . !
example 1-2 Cr20Ti bee 27 12.32 | 3201 | unmeasurable
Comparative g
example 1-3 Cr80Ti hep 5 13.92 3266 6.9
Comparative Ti hep 0 1456 | 3432 4.1
example 1-4 _
Comparative | on bec 36 | 1227 | 3399 | unmeasurable
example 1-5
Culupcu (.LL; A4 Cl 80}V{Jl JI ﬁll\a A2 § ] Dt\L} 50 { 1.84 bt |

Qo
K

uinreasuraott—



exanple 1-4 Ti

"anmple 1-6 Conp

6. 89 2589 unneasur abl e

hcp 0 14.56 3432 4.1 Conparative
exanple 1-5 Cr20bin bcc 36 12.27 3399 i mmeasur abl e 26

arative

exanple 1-7 Mh fine crystal
Conparative exanple 1-8 Cr20Fe

bcc 32 12.47 3524 unneasur abl 86 Conparative exanpl e

55

p A Fe—hee 10943577 unmeasurahle Conparative
Tyl g e bee bee—6—16-—p8 3461 Unmeasur able|Seed
Q%ﬂﬁpih@ T-—10Ferbce—06—316 N )
fekample 1ISedont® avier FevAD Sanpl e yer Thi ¢krsess 689 M 2589 | unmeasurable
|qqmerarred|a g(}l_J nt er medr at el SNR OW grai n56 \ct/
1183\ Er ~\ (dB cc( ) | si ze (d g. Exa |3é 2- I:E 47 | 3524 | unmeasurable
gﬁawelf é{@OF35 6 35(29 ( 6/2) 3.5 |Exanple 62 Crl%.ng 3@77 unmeasurable
F-ep—5{ 10 Pa) 16.24 35[2 366 .
m}%:af?ve"c r(u o || \ C )
2afaple E30aM | € 2-3 Or BOFe 1p. 38 36.0 3492 6,6 B.4 1028 | 3461 | unmeasurable
£ N 4 o0 o N 209N o
Conparative I examTe Z-T N (Tce) 1589362432698
3.4 (o arati e RU-8Tir O —exanmpte—2-2Pt{feec)-5Ru "
; average
(%arﬁ 1 a) ) Pa h:!'c 'eé? j %6 l7 izgglast H 52‘:0%1 165:' m %V@t Vﬁc grain 30
exam | e yﬁ{g (REHyessIBY 4 “fs"ﬁ“ gatag 6‘?;;@‘;8 $.(@8) | @B) | (Oe) | size | (deg.
(nm) )
Example 2-1 Cr50Ti Ru-8TiO2 1646 | 35.6 3529 6.2 35
Example 2-2 Cr50Mn 5 Ru (0.6 Pa) (10 Pa) 16.24 352 3661 6.4 3.5
Example 2-3 Cr50Fe 16.38 36.0 3492 6.6 34
Comparative -
example 2-1 Ni (fce) 15.89 | 36.2 4320 9.8 34
Comparative Ru-8TiO2
example 2-2 Pt (fcc) 5 Ru (0.6 Pa) (10 Pa) 1545 | 36.7 4425 11.2 35
Comparative
example 2-3 Mg (hep) 15.49 364 3562 6.8 5.5
! average | A8
Seed , st seeond o b ow | e grain | 50
Sample layer Thickness (nm) intermediate | intermediate .
(dB) (dB) (Oe) size (deg.
(at%) layer layer
(nm) )
Example 3-1 Cr50Ti Ru-8Ti02 17.04 40.2 3562 6.2 3.5
Example 3-2 Cr50Mn 5 Ru (0.6 Pa) (ulO Pa) 16.99 39.5 3599 6.3 3.4
Example 3-3 Cr50Fe 17.15 41.2 3521 6.5 3.5
Example 3-4 Cr50Ti Ru-8TiO2 1722 | 432 3520 6.3 3.5
Example 3-5 | Cr50Mn 3 Ru (0.6 Pa) (10 Pa)_ 1724 | 43.0 3557 6.4 3.5
Example 3-6 Cr50Fe 17.31 44.4 3489 6.5 3.6
Comparative | . 1524 | 414 | 4402 | 102 4.8
example 3-1 :
Comparative ; Ru-8Ti02
example 3-2 Pt (fcc) 5 Ru (0.6 Pa) (10 Pa) 15.08 | 41.0 4376 11.2 5.2
Comparative
example 3-3 Mg (hep) 15.06 | 40.8 3521 6.4 7.3
Comparative |\ (fec) 14.68 | 44.1 | 4389 9.9 6.1
example 3-4
Comparative Ru-8TiO2 <
example 3-5 Pt (fcc) 3 Ru (0.6 Pa) (10 Pa) 1432 438 4375 114 6.5
Comparative
example 3-6 Mg (hep) 14.05 | 43.2 3493 6.6 9.6
INDUSTRIAL APPLICABILITY
[0056]

The invention can be applied to a magnetic recording medium and a magnetic

recording and reproducing apparatus employing the magnetic recording medium.
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first second average DO Sanple |ayer Thickness
??ieg) internediate internediate SNR OV He grain 50
(at%9 layer 1 layer (dB) (d,13) (Ce) size (deg. Exam
le 3-1 Cr50Ti () Ru-8TiO2 17.04 40.2 3562 6.2 3.5
Exanple 3-2 &r50Mh 5 Ru (0.6 Pa) 16.99 39.5 3599 6.3
3.4 Exanple 3-3 Cr50Fe (10 Pa) 17.15 41.2 3521 6.5
3.5 Exanple 3-4 Cr50Ti 17.G@ S2 3520 6.3 3.5
Exanple 3-5 C&r50Mh 3 Ru 0.6 Pa) ( ) (10 Pa) 17.24 43.0
3557 6.4 3.5 Exanple 3-6 Cr50Fe 17.31 44.4 3489 6.5
3.6 Conparative NI (fcc) examle 3-1 15.24 41.4 4402

. 8A i ciPar nRRBAE AlcoMBnPinediuard Gedid
égéﬁpf‘ess-?n?@) [ﬁa& Pa) 15. coiEnPhetitfdomoindsiean

; < .06 _40.8 3521 6.4 .
T oy at e N0 b o e proe
' ' f 3 Ru 0.6 Pa) example 3-
e i VR Bl o S TR oy s
- éhc 14,05 43.2 3493 6.6 9.6 C exanple 3-6
t{"ﬁé{éﬁﬁw%[ f,&ﬁg% pesAdpygr-apd an intermediate layer from the substrate side, the
seed layer has an amorphous structure, and a contact angle of the intermediate layer

material with respect to the seed layer material is in the range of 10 to 100 degrees.

2. The magnetic recording medium according to claim 1, wherein at least one
layer of the intermediate layer has a hexagonal closest-packed structure or a

face-centered cubic structure and crystal grains are segregated from surrounding crystal

grains thereof by oxide, nitride, and voids.

3. The magnetic recording medium according to claim 1 or 2, wherein at least
one of the interme;diate layer has a granular structure including crystal grains having a
hexagonal closest-packed structure and a grain boundary formed of an oxide of at least

one element selected from a group consisting of Al, B, Bi, Ca, Cr, Fe, Hf, Mg, Mo, Nb,

Ru, Si, Ta, Ti, W, and Zr.

4. The magnetic recording medium according to claim 1 or 2, wherein the seed
layer has a composition classified into a body-centered cubic structure in a space group

and an amorphous structure in a thin region of 10 nm.

5. The magnetic recording medium according to claim 1 or 2, wherein the
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5 [0056] The invention can be applied to a magnetic
recordi ng nmedi um and a magnetic - recordi ng and
reproduci ng apparat us enpl oyi ng the magnetic recording
medium 27 CLAIM5S 1. A perpendi cul ar magnetic
recordi ng nedi um conprising & | east an underlying -
l.ayer, orientation control |ayer, a magnetic
ﬂi‘é%’&?%‘?f?{-ge seggldayer isia the range e£0.5ven t610 myer for med on a
nonmagneti c substrate, wherein the orientation contro
| ayer includes two or nore | ayers of a seed |ayer and
an internediate |ayer fromthe substrate side, the

seed b.ayElie Magnaid ra¢BRERD ehtivth bECHrdihe to Q{AH{}M ﬂt(ﬁ%n%&teir% the

angle of the iInternediate |ayer nmtéria r espec

at : r erjal is.n the range of. 10 to
e AR YR Y e i By R et i o7
according to claim1l1, wherein at |east one |ayer of
the internedi ate | ayer- has a hexagonal cl osest-packed
structurg or a face-centered cubic structure and
crystal Agnetic decording gediun aeconding te olaindil g 2 whstei the seed
grains thereof by oxide, nitride, and voids. 15 3. The
lajiergh &ermed 0f en Uy ateeidl contaiamgr@h digd N8 a6l @ieBohtedE ofCr is in the
wherein at |least one of the internedi ate |ayer has a
raggaold at¥stor10catus.e i ncl udi ng crystal grains having a
" hexagonal cl osest-packed structure and a grain
boundary fornmed of an oxide of at |east one el enent

selected froma group consisting of Al, B, Bi, Ca, Cr,
and_Zr.

Fe, , , N yu, Si.,, Ta, Ti.,, W 20 4,
The rl_rga'g el ?%ﬁoﬁﬁn%}?flﬂ’m Ricoriing Ryclan & os2nwhergin the seed
lazr. ereinfthe seed J?yer_has a caonposition
L3 ed §f po Aoy matsaial containing ¢ randilé asd theotontent PACAS in the
space group _and an anorphous structure in a thin
rapgyeiol) @Ye todSrat¥e. 25 5. The magnetic recording nedi um
according to claim1 or 2, wherein the 28
9. The magnetic recording medium according to claim 1 or 2, wherein the seed

layer is formed of an alloy material containing Cr and Fe and the content of Cr is in the

range of 35 at% to 65 at%.

10.  The magnetic recording medium according to claim 1 or 2, wherein the
seed layer is formed of an alloy material containing Ta and the content of Ta is equal to

or greater than 70 at%.

11.  The magnetic recording medium according to claim 1 or 2, wherein at least
one layer of the intermediate layer is formed of one of Ru, Re, and an alloy material

thereof and has a hexagonal closest-packed structure.
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t hi ckness of the seed layer is in the range of 0.5 nm

to 10 nm 6. The nmgnetic recordi ng nedi um accordi ng
toclaiml1l or 2, wherein the average crystal grain

size of the internediate layer is in the range of 1 nm

to 7 nm 5 7. The magnetic re29rdi ng medi um accordi ng

to cl zizm or 2, wherein the seed |ayer is forned of

an al I'6y N8t BaeaFuCisRerdmg mediam aeearding tarstkimHeordy mthendin at least
of O is in the range of 30 at%to 70 at% 10 8. The
OR@lver picthe éntermatidiage faver isrformedotimalldyanatbisdl ‘Rodtaffingat least one
wherein t hg seed layer is formed of an alloy nateri al
eleorengi whiclgisGeleared fiom apeoup ¢f @Rt hah ;Q"facb%eht@rcf_fd%bic
range of 30 at%to 75 at% 9. The nagne%lc recordi ng
sttt oL SR RSP JrRnf A _ ein the seed 1 :

| ayer is for rredtglg%f an alz{ﬁ]oey}e@rgrtltésF lex Sgg)r?? %%quﬁé’?&&n?fﬁgs having
FFedAREy t s ibn the . range of 35 at%to
2BAgEm A SRR ALARS ol et Pt e ks R s b cpota

laim1. or 2, ein the seed laver is fornmed of an
S‘%ﬁ“ﬁ%‘fi %P%Fioéll avﬁi gy srigeerandmlpyersd ivegnlandettios (staeking fault)
qual to 20 or greater than 70 at% 11. The magnetic
basg Srdngreeda recasotsred apic srusitak mnd a bodR centbred eiibic atructure.

| east one layer of the internediate |ayer is forned

of one of Ru, Re, and an alloy material thereof and

has a hexagonal cl osest-packed structure. 25 29 12.

The NMeYneThempedicte st dfi dhaAGR e ] ifi 18 [

2, wherein at [east oneﬁgayer of ﬁaeh%%?g%ﬁgéﬁg?g&hgeulMJawt
ohedM9&r drShd B0k I rial containing at

| east one element. E&ﬁﬁ%ﬁ%@ﬁa@&%& NS 5%3%1& gjeast one

havi.n face-centered cubjc, structure, as a

o AR 1P RS it eatit babing + e acuriod e

ments having 5 a body-centered cubic structure, and

el
- St{‘i’fﬁ“rsta% RN CORPORARiANgEE ckaneett soleeteth fromea groyp béklements having

a hexagonal closest-packed structure, and the at least one intermediate layer has a crystal
structure oriented on a (111) crystal face and a layered irregular lattice (stacking fault)

based on mixture of a face-centered cubic structure and a body-centered cubic structure.

14.  The magnetic recording medium according to claim 1 or 2, wherein at least
one layer of the magnetic recording layer has a granular structure including

ferromagnetic crystal grains and a crystal grain boundary of nonmagnetic oxide.

15.  The magnetic recording medium according to claim 1 or 2, wherein a soft

magnetic film of the underlying layer has an amorphous structure.

16. A magnetic recording and reproducing apparatus comprising a magnetic

recording medium and a magnetic head recording and reproducing information on and



structure oriented on a (111) crystal face and a

| ayered irregular lattice (stacking fault) based on
m xture of a face-centered cubic structure and a
body-centered cubic structure. 13. The nagnetic
recordi ng medi um according to3&laim1 or 2, wherein at
| eagt 10 aone | ayer of the internediate |ayer is

fiogy ﬁ@dn%@e%fe&m wadizm. ayherein the magnstiaredosding nedeum is the
el ement, which is selected froma group of elenents
magorigresordingemedinmeaceerdingtocclaist I oc2.ure, as a main
conmponent and an el ement selected froma group of

el enents having a hexagonal cl osest-packed structure,
and the at | east one internediate | ayer has a crystal
structure oriented on a (111) crystal face and a

| ayered irregular lattice (stacking fault) 15 based on
m xture of a face-centered cubic structure and a
body-centered cubic structure. 14. The nmagnetic
recordi ng nmedi um according to claim1 or 2, wherein at
| east one layer of the magnetic recording | ayer has a
granul ar structure including ferromagnetic crystal
grains and a crystal grain boundary of nonmagnetic

oxi de. 20 15. The mmgnetic recordi ng medi um accor di ng
toclaiml or 2, wherein a soft magnetic filmof the
underlying | ayer has an anorphous structure. 16. A
magneti ¢ recordi ng and reproduci ng appar at us
conprising a magnetic 25 recording nediumand a
magneti ¢ head recordi ng and reproduci ng information on
and 30 fromthe magnetic recordi ng nedium wherein
the magnetic recording nmediumis the nmagnetic
recordi ng nmedi um according to claim1 or 2.



