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1 GRANULAR THI N FI LM PERPENDI CULAR MAGNETI C RECORDI NG
MEDI UM EMPLOYI NG GRANULAR THI N FI LM AND MAGNETI C
RECORDI NG APPARATUS CROSS- REFERENCE TO RELATED
APPLI CATIONS This applicatipn is based upon and cl ai ns
the benefit of priority fromthe prior Japanese
Pat ent Application No.2004-90671, filed on March 25,
GREGOUAR { DEIRNFIES, CRERREISBT GILAR | MACNFBIC | RECHRIGHNE JEDIUM
herein by reference. 10 BACKGROUND 1. FIELD OF THE
EMPLONENT| GRANGLAR | TR EMt 7 DM r R t MAGKHEREE RECORRDINE APPARATUS
‘granular thin film a perpendicul-ar nagnetic
recordi ng medi um having the granular layer and a
magneti c recordi ng and reproduci ng_appar atus enpl oyi ng
CROSﬂeREE5R§§€§eﬂ@|%E@%EE 1EATE %$d|ng medi um 2.
~  DESCRI PTI ON OF THE RELATED ART Hard .
dr i Vaie HOPB) Hedel P et ARG b MRS Gch ﬁza&%i Lhg pppefit of

various fields jncludin eQ .systens,
Prlgéf-EYéFFﬂ’mtitFE%J‘%%P@% DL e e T ALTSELLIEY

the usual ap el ds, such as ut er
fll?@{ongchﬁ g# cost ﬁiéhedg?glﬁgc% tg@gge%fangfﬁﬁ %Pé

relia it data st Wth expanding the
1ncppgpag ﬁﬁﬁ?&?ﬁéykffg?gggﬁ%nds for realizing HDDs

haV|ng.Iarger recordi ng capacity have been increased.

To satisfy these 25 demands, magnetic recordi ng disks

BACP%&QBQDIarger recordi ng densities have been devel oped
very high pace. Smaller nagnetic grain sizes have

FE%EDDB%S 68 tRveRrabR snuller recording bit size for

nagne Ic recording nedia of 2 HDDs havi ng hi gher
r ec@h@?”ﬂn@@ﬁ‘@iéﬂ %1 A%ed Bendrenagetsvgatdalays &hin £ilm,
size o0 magnetic | ayer has been made smaller, we
apéﬁﬁéidlcularmagnetlcrecord1ngmed1umhav1ngthegranularlayer
and a magnetic recording and reproducing apparatus employing the

perpendicular magnetic recording medium.

2. DESCRIPTION OF THE RELATED ART

Hard disk drives (HDDs) have become major recording devices
in various fields including home video systems, audio sets and
carnavigationsystems,notlimitedintheusualapplicationfields
such as computer memories for their low cost, high data access
speed and high reliability in data storage. With expanding the
fields of applying HDDs, demands for realizing HDDs having larger
recording capacity have been increased. To satisfy these

demands, magnetic recording disks having larger recording

densities have been developed in a very high pace.

Smaller magnetic grain sizes have been pursued to obtain

smaller recording bit size for the magnetic recording media of
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encountered to a problemof thermal fluctuation

durability deterioration due to snaller grain size

conmponents of the nmagnetic 5 grains. Another problem

we have encountered is an appearance of nedi um noise

i ncrease and recording inperfections caused by

relatively large size magnetic grain conponents as a
HDDGeBaV in@thighesatresbadingydeisities z e Adi she idnsrage magnetic

control. At present, there remains nuch room for
graiedsdizegoffhe medneminoilagesi hee beenr psdel bngliaphi cwe have

orientation and arrangenent order control of the
encoaghetied gparnprabéemopfstheirmpénflyetuathopadupability

docunment 1 (Japanese Patent Lai d-open Application No.
det2g08rag3eB)due thsmeddrat gain6dzsi FRPPRRERES REVGhRmggnetic

structure of substrate / (Ta, CoZ rNb). / (N Fe
gragmisoy - Alpblter preksem ye; haygvenasyeyisred is an gppearance of

solutions for the problemis disclosed. Thi s medi um
medswmu@paﬁe ingrpAFenadd T6CBKHAPA dBPSFAEEHiPRFecaused by

ystalline grain structure with decreased magnet i c 1t of

relaharat | 6RIBet HEEREHROLL G sTH T r@r'&r%% L?sﬁg Ry ERELE ©

under -1 ayer since chrom.,um_neta

uns&&es&egﬁ?@rf\lcgﬁ@wgﬁlﬁer séﬁ&e-’&b%&onaaﬁg?- i S

0 ' .
theﬁ&gﬁ%ma&nﬁee%ﬁ”%a#%%? il'cgta%%%ifﬂ'ﬁalﬁ lotae, giace
cryrsécaglieg%% f%@@ﬂloﬁ) hgrclatr?én en % rdot %‘891%% of the

e graln |arre er I'stribution

magﬂl%@l%t ag'ilg' Qi‘ea'hggfnghgg e‘ﬁlteg}{e;: because the

ranul ructure r-Tayer formed sinply by a

R

No ."RYHSL§55SLO rtﬁbﬂﬂa%?@& fic LR i Hiymked :H[I@ﬁavihgrh g8%ructure
‘substrate /(N|-P r)/(Pt,Pd, Ni Fé/ (Ru, Re)/ CoCrPt-Si Q2

of A5 Pg? Cblrﬁﬁ?$?1\l&?§|&§.ﬂb§i~b@9@{ ARigs degdi aruw ieoCrPt
degree of he crystall ographic orientation for the

as 4BONEtH6NS HeH Ehe bREblpArild dleslosed Mpriviedndyitthetructure
hexagonal cl ose packed (hcp) crystal
is intended to obtain separated fine crystalline grain structure
withdecreasedmagnetic interactionbetweenthecrystallinegrains
using the under-layer since chromium metal segregation effect is
not significant for perpendicular magnetic recording media.
Although the magnetic grains in this magnetic recording medium
is very small, the control of the crystallographic orientation,
the arrangement regularity and the grain diameter distribution
of the magnetic grains are not sufficient, because the granular
structured under-layer is formed simply by a sputtering method.
In patent document 2 (Japanese Patent Application Laid-open
No. 2003-77122), the magnetic recording media having structures

such as substrate /(Ni-P, CoZr)/(Pt, Pd, NiFe /(Ru,Re)/ CoCrPt-5i0;

are disclosed. 1In these magnetic recording media, the degree of
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structure under-layer on the face centered cubic

(fcc)seed layer. Although a good crystalline

orientations of the grains are obtained 5 in these

construction, the crystal sgze and crystal

arrangenments are not controlled sufficiently, because

the layers are fornmed sinply by controlling
thespuysealbggeaptiti onsefivatponefoet the magnetioysrySThalline

films disclosed in patent docunent 3 (Japanese Patent
partlclesdiopmpragpti bptthenhdioagonah ci2B40nacked (hep) crystal

inorganic thin filnms carrying grains havin
strocyurelunder-draven aritde face cegéeaedtqib 1 %ﬁﬁéi&ﬁ%ﬂ layer.

honeyconb arrangenments having geonetrically fractal )
Altspngbragesd exiebal L dgesinheniatapnse § hhageiaies argobtained
. this patent reference, |ayered structures suych as
in GheRe CONStruCta0Y, Chhe quystal size apboay skdleakfaggenents

di scl osed. This nedi um structure havi ng reduced

arecpgst @PPERRLLPS S Uk ST 19t hon RCHT i gyers are formed
S imipgdi B HONSES by L RBCH Y Hor HHE R ol 4y pure Retals or

llarrangenent structure, and also for inproving
all@8Prosion resistance of the magnetic filns. The

inorganic, filps, have 2Q a i.ned I [
arréﬁﬁeﬁb}ﬂ‘s éﬂ% Cgiossrﬁa Ilng&élgﬁﬂgi%(géhrg% S rg'le(kjmjtg #%rl'}l%gse gatent
.resul t pof inat i Wi j ' . i1
wasG2RYch, St REpEPAR AL 29004500 4615 £ St iddiio cih ciame
€hral ey i | 1 RE i rddd1ar t
caxiURYChra\fs RAPIRy Oy CePLERE AR i b 2o o
i Ot%ﬁx%% SmiP S AR tef hhhe &Qﬁ A5 iWAIRE frSctal
dlm%ﬁ%%gﬁ%ge (220) dif?ction: Nbreover? t ém‘ ¥
stroktai-ak! ogh fpht engrd BN Bl 1y dddthBRse1vest ati®rhis patent
degree distribution cannot be controlled because any
refefbachi, Viey raceuE €cth Bes gorhrad bubgtthee / Co0-810, / (CrTi)
crystall ographic orientation and the orientation
/ cotagrefe fé all Bblilscsddar  ekasmplediufnertnmtdtorreohiawing reduced
COO- S i02 under-layer or crystalline grains partially
cry@taeniing siend i4 teibwideon i apepliedior désndasiy the thermal

fluctuation, reducing the medium noise by obtaining an ordered
grain arrangement structure, and also for improving corrosion
resistance of the magnetic films. The inorganic films have
attained an ordered grain arrangement and a small grain size
distribution as a result of the combination with the oxide films.
The orientation of the magnetic grains in the layer, however, is
along the in-plane (102) direction and not for perpendicular
orientation since the crystallographic orientation of the CoO

grains is along the (220) direction. Moreover, the

- crystallographic orientation and the orientation degree

distribution cannot be controlled because any effective procedure

for controlling the crystallographic orientation and the
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Furthernore, in patent docunent 4 (Japanese Patent

Lai d-open 5 Application No. 2002-163819), |ayered

structure of substrate CoTazr /(Hf)/ COO Si Q2

[ (Hf )/ TbFeco is disclosed. 4n this structure, pinning

sites of regularly shaped uneven portions or

crystal | ographically coupled portions f or suppressing
oridntathonaliégreet dbasribut beny efor dexamp by er formation of a

formed. The soft magnetic layers 10 are hel pful for
CoOappbyundermabager orenysfald ihegfains paryind lygntering into

recording |layers. The | ayered structures of this
thediindeoslagenr s deti ghedlesedbt ai n per pendi cul ar

doubl e | ayer medi a conpri si ng so f t magnetic |ayer,

a nEgnehermere pidinafanddecuienad |(Fppangs@ Rapent Laid-open

ordered inorganic grain arrangenent with a good ain
Appaiigatigndiie el &0 4ml6 THLO Hi JANRIES IS4FECEITS PacEPaLate /

however, are not, sujited for the purposes of attaipin
COTARF phifik LI GROTH Him / (SH)dPEECon 15gFasr Lopsd -~ 1h Chid

s R por A e M SR SFag Dhgren porpjons o
Si 3041 203, .Cr203,, Si 2 _and N P _ar .
cryatal1aRF ePHECRhOY SHNRLICRE BT R 20 PRESergag domain wall
These under -1 ayer terial r t ;
moty GBS T FaGRY T AT ER eyt AT Sgr SRR or Ter SE L SRaTeTs
[ 0 nec LY, -SU : 25 j
are B TBhur (REr S B NIREL £ nER A0S HERI Ly o the
ihge Y rgeed | fohi 8ldidldNigae
recRSCLARLEOY SHSF DRI Rl b Sn1 SR axe
AR £b26ptdl Loty .l al 1giaPhied iar 3bfiprisi
desg'_rg?gﬁt g?i %tgjé%g‘%%(?fgﬁ%%% Ecgd{%%alr pengi cul ar . prasiig
a sd¥t RE4heP: ANdyRirghh flhghBt A& rRRGWER L4 RathAdIE Vayénhaving
order”to realize a perpendi cul ar magnetic recording
a oadired sHbt-ghhect gi-akhgh reéangeigniBgiehi a geodr diragn size
havi ng smal I’ nedi um noi se and sufficient durability
disperkhental Thé utidilidgml layered structures, however, are not

suited for the purposes of attaining perpendicular grain
orientation, grainsizedistributionsuppressionandorderedgrain
arrangement, because the Hf, Ru, Ti, Ta, Nb, Cr, Mo, W, C, 51304,
Al,0;, Cr;0s:, Si0; and NiP are desirable as the under-layer of the
disclosure. These under-layer materials are for continuous
recording layer in which crystallographic orientation is not

necessary.

SUMMARY

For the foregoing reason, there have been requirements of

_obtaining a new technology exceeding the prior art for attaining

small magnetic grains in the magnetic layer with small grain size

dispersion, high crystallographic grain orientation especially
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5 The present invention is intended to reply to the
requi renent - The granular filmof the present
i nvention conprises a substrate, a netal under-Iayer
on the substrate and a granslar |ayer on the netal
under-layer. The granul ar | ayer conprises netal grains
partially penetrating the volune into the netal
to thdepelpyrdienllar 1@irectiongrand hbglerguiineparangement
the nmetal grains. Furthernore, the inter-grain
regﬂnaeitgtumnuﬂeséenmaﬂmmﬁapeopenéebeéﬁ@magnﬂﬁHQﬁﬁcordlng
group consisting of oxide, nitride and carbi de.
med pem paridi ahil eaf omrelyhgl idensddar hape e teAQrd e hﬁﬁ’é@érﬁmall
i nvention conprises a substrate, a soft magnetic |aye
medmumthelsefaadnﬁﬂﬁﬁﬂqaenilﬁﬂﬁﬂbhkmﬁgrtpayéﬁrﬁﬁltﬁéu§5??tl°n‘
magnetic | ayer, granul ar | ayer on the soft
| aybe Presens Jgéf%éwmrtw apt enﬂgﬂéﬂ EeP LRGP Iyr ‘F‘g‘;’/JeJF ement .
on the granular filmlayer. The %ranular

The AT s AL S PECFAR T BNy SEReE SR HEE Rosubstrate,
@ megR LS s PAgt R T 'tz%%a]dggﬁ%' Sl R on the

t he |nter raln erlal ses a

met§é| EE@@H gﬁﬁ. h %egr on&&e}?l ees %l‘?etecral egrains
parﬁﬁﬁé}gﬁégﬁgfr?%gﬁgqﬁgget'C ¢ 9'{ﬁb?ﬂgxﬁ?ﬂﬁﬁgﬁcﬂﬁger'and

nventiron conprises t

incRRLBERSLClLPE RGNS LE L eeRECLAG mééﬁﬂegkaﬁhétated

_ ng nmechanrsmdrivin er pendi cul ar
sor g 'dﬂ? es at least
reproggé%%gé eédghge%%gg#ﬁ£%|n ormation to tﬁgs
onelfdlf CdRCdinfo £ BRIGEMABRG: ide and carbide.

repro u0|ng t e |nfo mation fromthe perpendlcular 6

A g@?@ﬁh'ﬂéuﬁ.ﬁﬁoftﬂbﬂgt%d kdBbraifgadnsdivm NGE NEld afr Ssent

ving the recording and reproduci ng head, and a
1nv%ﬁ%Qbﬁ'Gﬁmﬁﬂﬂséﬁpéoéuﬁbﬁﬁatélgﬁaboﬁtomagﬁengcsyayen1on the

processing recordi ng and reproducing signal.

substrate, a metal under-layer on the soft magnetic layer, a
granular layer on the soft magnetic layer, and a perpendicular
magnetic recording layer on the granular film layer. The granular
1ayercomprisesmeta1grainspartiallypenetratingthevolumeinto
themetalunder-layerandintermgrainmaterialseparatingthemetal
grains. Furthermore, the inter-grainmaterial comprises at least
one selected from the group consisting of oxide, nitride and
carbide.

The magnetic recording and reproducing apparatus of the

presentinventioncomprisestheperpendicularnmgneticrecording

medium stated above, adrivingmechanismdriving the perpendicular

__magnetic recording medium, a recording and reproducing head

recording information to the perpendicular magnetic recording

medium and reproducing the information from the perpendicular




10

15

20

25

5 The perpendi cul ar recordi ng medi um of the present

invention is fabricated as follows. First of all, a

granul ar structured under-layer is fornmed using

material that can form regglar arrangenent of snall

si ze grains although the crystalline orientation

degree of the grains is not so high. Then these grains
magihéx havi-ago anug meatient at headi dr ireimy edbdhraomsnhdriiageg the

and make holes wuntil the bottomof the holes attain
recabdihg @mdl méprdindiayeheali,nahtlya nduobings aader eprodgcing

wth netals with good crystalline orientation in
sigaetopdeneeshhghsyhtenr psoaesshngyre¢orfdingnand- rapepducing

L this way, a granular |ayer having regul ar

siganllangenent, good crystalline 15 orientation and smal |

grain size can be_ obtained at the sane time. Form ng

t hi Ehgr pALPARALEYEAT ORCGOESERT naRffEHIR Qhddie IRRRSSNt
~and form n% a magnetic |ayer on the granular. ]ayer, a
invgatpendisufabripaghet pE fRESPHFNg %rf‘?%o‘?‘llpjr‘i & fgpanular

St’-"gf;‘t §F‘§ﬂgP%§6rF@§€5t 18, caRdeg e oG, B 0580L; TRk Rapetom™
regglgggi WW%%%IH? gﬁeéxr:lqgﬁs_lo Fg%%tggh%g%r gﬁahgﬁgﬁﬁﬁeéﬁstalline
or I PR B PO AP S iy Ag Sy Sogilhy arhal R kaine
ha pogerg% { %lé'b_lgﬁ%agabglr%lfkbﬁgvgadffdﬂ%ggrﬂ%ﬁ ﬁgg%éaqnfeaholes

IZ. Spers! on Can_ e at
unttqﬁé:%eenk%ig n%f%%r}?&l'é‘sbée?&é’mh%h%"éjdd‘ .tﬁ\éfltali;a%’ﬂm@inally

rragnéjet%l c spacing wWeen the reco%l ng an

therﬁégfggggg%bllle&ij apfl mdtha PEI P RBLEU A s FBONELd rientation
nmedl um can be re‘gucegﬁ BRI EF DESCRI PTI OF THE

in g&w E8 £ nlt 8BS s3 230N@MRY] 6F @IHRSEngEeL1QPet . Vimthis
O an enbodi ment ?fﬁa gr anul atryI film accordi ngyt o the

vl BFEh BB UL gl b T ottt
of a perpendi cul ar
or itRERARtIG 40¢ @AI1N0gHRdh Wizzcean Begbtaihbd at the same time.
Forming this granular layer on a soft magnetic under layer
and forming a inagnetic layer on the granular layer, a perpendicular
magnetic recording medium comprising magnetic grains having
regular arrangement, good crystalline orientation and small grain
size can be obtained at a same time. Furthermore, the magnetic
spacing between the recording head and the soft magnetic layer
is decreased.
According to the present invention, coexistence of regular

grain arrangement, good crystalline orientation and fine grain

size with small grain size dispersion can be attained in a

.. perpendicular magnetic recording medium. Furthermore, the

magnetic spacing between the recording and reproducing head and

the perpendicular magnetic medium can be reduced.
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present invention. Fig. 3 shows a in-plane schematic
cross sectional view of the perpendicul ar nagnetic
| ayer for an enbodi ment of a 10 perpendicul ar nagnetic
recordi ng medi um according ¥o the present invention.
Fig. 4 shows an oblique view of an enbodi nent of a
per pendi cul ar magneti c recordi ng and reproduci ng
apparatus according to the present invention. 15
DETAI LED DESCRI PTI ON The preferred embodi nents of the
BRIPFEBERCRIATEON| OF THE | DRBWIWGScri bed with reference to
figures. Fig. | is a schematically shown cross
secFignalshaveva sthemat 20 cawised erthtonal View ofradnemediment
filmof the present invention. In Fig - 1, the .
of grgnahulafi Emlmiareordapasbd bheapPEapeREaiBVEDLLQN.-
metal under-layer 13 on the substrate 12, and a \
gr afiig a2 Shaes a S6heBBRpFICHITE %%f%%%@la?’ﬁgwf% afhgmbodiment
inter-grain material 15 conposed of terial such as
of anpgxpgedigylpyrgmagnekly Lerehdingaitf 1Eﬂoaﬁ°8¥§§§g © the
sectional view of an ..... enbodi nent according to the
Preﬁ@ﬁﬁeh&V&HFéPnnagnetic recording medi um of the '
present jnvention,.e oyin he_ granul film. .
in Eig: .SHW%iag?ng,858¥§og?ﬁﬁlﬁﬁﬁ ¢ gea?z‘&??‘%”ew of

ay er

f d t 8 bstr '
the; gé?éren@Slcaﬂgfhaiéa%ﬁﬁ;%é%&@Hﬁaég?éﬂﬁ%%ﬁ‘?nﬁré*ﬁ?%

the granular_ f] Fi . . . £ j
perbRigBE R A A L0 T Ehaho A5 0 ARG L ER preent
tggg the inter-grain material 15 of such as oxide or
her Simlar 5 material. A perpendicular magnetic

[ecﬁ&gi ng Eﬁ}ﬂ% 4R bﬁligﬁgeéie@befeahhsmsbamméat bkl an
ayer “23 through a internediate layer

perpendicular magnetic recording and reproducing apparatus

inv%
0

according to the present invention.

DETAILED DESCRIPTION

The preferred embodiments of the present invention will be
described with reference to figures.

Fig. 1 is a schematically shown cross sectional view of an
embodiment for the granuliar £ilm of the present invention. In Fig.
1, the granular film 11 is composed of a substrate 12, a metal
under-layer 13 on the substrate 12, and a granular layer 16
comprising metal grains 14 and inter-grain material 15 composed
of material such as an oxidef

Fig. 2 is a schematically shown cross sectional view of an

_embodiment according to the perpendicular magnetic recording

medium of the present invention employing the granular film shown

in Fig. 1. 1In Fig. 2, a soft magnetic layer 22 is formed on the
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and a protective layer 2 6 is formed on the

per pendi cul ar magnetic recording |ayer 25. The

per pendi cul ar magnetic recording |ayer 25 can forma

granul ar structure in whichgmagnetic grains 27 are 10

separated each other by inter-grain material 28. A

regul ar arrangenent can be given to the nagnetic
subgtahte 2127and a Yeapel permilou? Arisnfigneed o ebesdifignagnetic

|l ayer 25. As schematically shown in Fig. 3, the
layergpRt | $igibanst@ tiseppraatddir Bilmhefi Figr- §r abhe granular

material 28 can be arranged, for exanple to 15 a

 filmt2}dsucenpased@hskageetal apderlaver Lhe Hrametal grains

Thus, it is desirable that the perpendicul ar nagneti¢ |
14 aratbhdiing ragae izanater ol porpfefark @sLx g REQiher similar
recording medium, of the present invention has a .
matgraadl ard HenpendieularenagRBE LS TRFOLHIHELATEY 47 S S9rmed
and nonmagnetic inter-grain material 28, and. 20 tqg
aboggRe (9% 3gdaRs Y day St 2P Y Hy @ BTSRRI ey 24
ond ot Tor S R TR et
ave a probl f d bili h I .
recgrfei&flaaf?gﬁlf B T nohareerectiiriLe adhecl Fhepzaing ayer
esirabl e faor_qbtaini ' ' ' .
25 ;Aeeofceﬂ@ peepRLaR SR S an BSh g SERS it 27 are
or.,ther tyat i ' if th
sexfas bRk, ot bHELPD: hgReanhsnoRbecosdcyen 1] the

or Le T ' ' 7 Dau @ i
o et a9 B MG R SRS aloh o BT E G

ess are no

r di [ el
27 BB bt TRYIE BgfAsesd achmusnaolole, posson

neharulan 1t anlAayed B3y .ane the Aaghasidapdihdevagepakated
=¢ %F’%se packed or face c%entered cu%;‘c tr?s%al sepata

by theUshHee-gRAtnt hgtdesal ezls neiagnelrrangidr fgraexample to
g

material 15 is oxide material w th anorphous

a stirfiéludee haliagohakagonhlasyheastryoie mheaplaekect ed
fromthe group consisting of Ru,

Thus, it is desirable that the perpendicular magnetic
recording layer 25 of the perpendicular magnetic recording medium
of the present invention has a granular film structure comprising
magnetic grains 27 and nonmagnetic inter-grain material 28, and
the magnetic grains 27 are arranged regularly in the layer plane.

It has been known that the magnetic grains 27 with smaller
grain diameter of a prior art medium have a problem of lower
durability to thermal fluctuation, although the smaller grain
diameter is desirable for obtaining higher recording density.
According to the present invention, good durability for thermal
fluctuation can be obtained even if the average diameter of the

magnetic grains 27 is 20 nmor less. The magnetic grains 27 having

average grain diameter of 6 nm or less are more desirable for the
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- Rh,tRe cldbs tofa@iiaﬂﬁmaére P

Rh, Re, Pd, Pt, and N are suitable as the netal
grains 14 of the granular filmlayer. Oxide materi al
having at | east one selected fromthe group 10
consi sting of silicon oxideg titanium oxide, alum num
oxi de, zinc oxide and tantalum oxide as the primary
conponent is suitable for the inter-grain material 15
perpbniiheulaamiqretfid retayddingA aptnb futie priespgat havéemgion.
at | east one selected fromthe group consisting of
Pd, TRe, dé=irdolambtil aprdives drd mfr yheogpenehar filinslayer
suitable for the netal under-layer 13. In the
23 peepdredgralias megiveg iexagovadi rdosedpacked athdageegentered
i nvention, an internediate |ayer 24 can be placed
cubhetmahetrgcanubaramtéyt@ﬁ @as hned meaNaenSE i éDFﬁF grain
magnetic recording |ayer  25. Materials having
mategasi 15nks avide mad eriamvtHe JrOTPhPws §BH§F§PFﬁg o?h%ralns
Rh and Re as the primary conponent can be used .as t
of ahubeasy iy metel AEdPREGTar EoRaYr THRIIRLR AL A 8% Ru,

under -] ayer 13 i s nonrmgnetlc t he _desi ra | e

JERbSs S EHmARERY Grahit s of the

laI ugder-l a¥ 13 and the internediate Iayer 24 is
grasglam §-1Med8Ye5s \Wien the metal under-layer 13 is

or aGHIE W%heof' n;%%ﬁ'ff%égtJﬁ?%%‘%rg’lﬁﬁ%k?‘gf?%‘gé?t‘3‘%’“‘ the,grour
E
congURPARHIGE Par PRB Brs e'nhftéggn?‘@ﬁ@ £

ox:.%iUbSt %%:aq.lf\mgbﬁﬁae ta@ tﬁ!el %Pn‘éﬁrtbfé‘ (fultable for

con Sl ng ace

the 1|nlt‘é9n g%aﬁgl ﬁ\a‘f:@éita?l é‘ﬁ" Btﬁ IEIhe raﬁu@hi‘t ERgm Th9er.

strates inc e armrphous gl ass and
Cf V§Jﬁ'fééf%nﬁﬁa%ye?ﬂﬁa@qﬁgp@mgs&smé d AL Eled Tadm the

ass or
group consisting of Pd, Pt, Fe, Co and Ni as the primary component

is suitable for the metal under-layer 13.

Intheberpendicularmagneticrecordingmediumofthepresent
invention, an intermediate layer 24 can be placed between the
granular layer 23 and the perpendicular magnetic recording layer
25. Materials having at least one selected from the group
consisting of Ru, Rh and Re as the primary component can be used
as the material for the intermediate layer 24.

When the metal under-layer 13 is nonmagnetic, the desirable
total thickness of granular layer 23 accompanied with the metal
under-layer 13 and the intermediate layer 24 is 20 nm or less.
When the metal under—layerl13 is magnetic, the desirable total
thickness of the granular layer 23 and the intermediate layer 24

is 20 nm or less.
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alum no-silicate glass. The crystalline gl asses
include lithium crystalline glass. The ceramc
substrates include sintered 10 ceram c substrates such
as commonly used al um num oyj de, alum num nitride and
silicon nitride, and the fiber reinforced ceramc
substrates of these ceram cs. Substrates having N -P
EmbbayfentonrBUBBYRagRyYt ering or plating in their
surface are desirably used. 15 Enbodi nent 2 (SOFT
MAQRRE| b sER) e sAaparilabdiectbathdophesehbyigrvenddianinglude
formed disposing a high pernmeability soft magnetic
sublsayated2ofisghabac kAl alronf adramigsr pemdiosu| §nlicon single
magnetic recording layer. In the perpendicul ar 20
crystall eithypsridesordang  neud wil iden RLGHLpPREER ]} Mifh Ni-P
soft magnetic |ayer perforns a role of increasing
platgagrdi ng and reproducing efficiency of the recording
head formng a horizontal return route of th
magRbeisd aEs sk EEr S é?lcéﬂ‘éﬁﬁl‘“@@?"&sﬁ]ﬁ’gﬁSea%FéYStalllne
magnetic recordi ng head. 25 Nht rial co taln
glags.orTe® RBArPROYS cFLAESEHeIROHE en%@%%t ?ﬁg §2br

alugiligys HLiCRLe %ﬁ%@ﬁ%'@z&%ﬁ 1iagh 13?%%5&’?%‘?(5%5“”“‘
Cr FeNi .S
Bl b At G, B i
FeT in T
ceralasint sect SyeRiys Phebfal e El 3 SR oy aminon
nit GE%C n%nglﬁi% N BHEEEr%aV 59 Ehge ﬁB&%t Hh%%rcggab@ramlc

ure or granu dtructure aVI ng di sperse

sublsit?@ted %fyéé@sl'%%r% aics in their matrix phase

contai ning atom C oor nore of Fe are suitable for

t hes%%fsttrgweq{a‘m{@w.p a%yer%ﬁﬁedrawp@t%ﬁwg@ﬁmat ing

for the soft magnetic |ayer
in their surface are desirably used.

Embodiment 2 (SOFT MAGNETIC LAYER)

A perpendicular double layer medium is formed disposing a
high permeability soft magnetic layer 22 as a back layer of the
perpendicular magnetic recording layer. In the perpendicular
double layer recording medium, the high permeability soft magnetic
layer performs a role of increasing recording and reproducing
efficiency of the recording head forming a horizontal return route
of the magnetic flux caused for example by a single pole magnetic
recording head.

Material containing Fe, Ni or Co can be used as the soft
magnetic layer 22. The soft magnetic layer includes, for example,
FeCo alloys including FeCo and FeCoV, FeNi alloys including FeNi,

FeNiMo, FeNiCr and FeNiSi, FeAl and FeSi alloys including FeAl,
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Co alloys containing Co and at | east one el enent
selected from Zr, H, No, Ta, Ti, and Y. The
desirable Co content of the layer 10 is 80 at %
(atom c percent) or nore. Tfhese all oy conposition
easily forns anorphous structured | ayer by
sputtering. Anorphous soft magnetic materials show
FeAEZ€eFkant i gef, tram@iatiRm aridperld pBellfecdlsys inmludingFeTa,
anor phous structure is free fromthe limtation of
FeT&CYyahal FéDaN, aandoFeDpyalboyst ahcludinegf Beirdnd
crystalline grain boundary. 15 Low nedi um noi se )
chaFeal@y FeMnOs BeFalheand FaiZaddf bimsbangngHene crystalline
anmor phous magnetic | ayer as the backing soft magnetic .
graiayetructhe,OCbZrgba@mbatbiﬁH@Cbprﬁybaﬁbhgb@l%P?%%e%sflne
the suitabl e anorphous soft magnetic materjals faor the,
crysballhngneratng syeithedr mptrix pase MNP idiEFIsatgmic
hard magnetic |ayer having 20 in-plane nma net'zatio%
or pereeeh FReaRBnAghabie §%Bs¥?§t%°gi BRANPhEC shyer 22-
magnetic | ayer, 22 of ,the gg{ en iculﬁg naﬁngti%_ 22 are
r ecOEBERPatRIGANA Sebtebhedih rieRr Tt FRgNEHE Layer

co RLSkb tontatiing S A Al Geal She E18hehosbUBEed £rom
25 k| S rofae nEL e f -t FHe e T o5, SOILSRF U He! Layer
is 4iEERs Ao G R e L P E R gy Sy Vot in casily
cor B PR o LB ARTESHA 169 o 499 pprgASLcoors
mag%&%a?éﬂ%l%ﬁ%@ﬂ@ﬁt Ebkﬁnagn&i@ﬂ%@éﬁr Jﬁ@éé Because

as 't ane hard magnetic l|ayer.

. ' fiQr £fce YRbuEL 104 1iRe thRiBhaechastalline
the%ﬁgﬁ%??%ﬁnggﬁergfﬁéi5 kA?n1(O.5 kCe) 5 gr nnrg,?ang *

ani%B%rEB}ve, degstakbh eneogefeve i eapalg ik §YakA boundary.
(I kOe) or nore. The desirable thickness value of the

Low BeBliafe nohakd chagaetieeik8yes tanSbkoobbafned) bandsihg the
nmore desirabl e thickness

amorphous magnetic layer as the backing soft magnetic layer.

CoZr, CoZrNb and CoZ%rTa alloys can be cited as the suitable

-amorphous soft magnetic materials for the soft magnetic layer 22.

It is desirable to dispose a hard magnetic layer having
in-plane magnetization between the nonmagnetic substrate 21 and
the soft magnetic layer 22 of the perpendicular magnetic recording
medium. Co containing hard magnetic material is suitable for the
material of the layer.

The soft magnetic layer forms magnetic domain structure and
spikenoise appears fromdomainwallmotionof the domainstructure.
Appearance of thedomainwalls canbe suppressedby applyingbiasing
magnetic field to the soft magnetic layer using the hard magnetic

layer magnetized by applying amagnetic fieldtoa radial direction
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value is 10 to 70 nm For the purpose of controlling
crystall ographic orientation of the in-plane hard
magnetic layer, 10 Cr alloy or B2 structured nmateri al
can be formed between the jponmagnetic substrate and
the in-plane hard magnetic |ayer. An oxide |ayer can
be fornmed between the so f t magnetic |ayer 22 and
in the 1®yelr phaes: |l ayer 13. Since the oxide |ayer does

not have crystallographic orientation, a difficult
conchereh aflQbylindbbanrd gk fydnal |fogr expdiple, are suitable
orientation is given to the crystalline grains
as tiieoih Al ame haedmymretitc LAgerni tThe desdgabbe qaprcive force
gr owt h. The oxi de layer can be fornmed b introducing
valozygertigagniplahe b@Id.m&gpﬂﬁIQ:lﬁﬁﬁérlﬁzy%ﬁﬁ(&A/m (0.5 kOe)
deposition or by introduci ng oxygen gas to the layer
or more hard the BotgaeFirahls FeeIkdveofPraggretye isp7/9 ka/m
| ayer. Actually the oxide |layer can be fornme bK i
(1 eSpbstngane shheadesbrabhe Thicknpihdaldg Qfetheoin-plane
oxygen gas_or oxygen gas diluted by inert .gas.such.
harldwaﬁl%tw?ﬁéﬁ 5P 130 amy gnd ‘gh%ﬁleaﬁ .Slgfﬁiﬁeleoﬁ?b% ness
ayer can be_formed al so by exposin he soft eti
valpgyéf d{rFacé®tBman Efbi %}ffﬁa‘?pﬁ%g#e.ccfé:% lglﬁﬁjrenltc
3. (PERPEND] CULAR MAGNETI C | Y i s
crYEB%ﬁ&QHFPB 18&&%%%%055%%@%&%5%&%%%% Faver
an_essentipal co nent, an Lde materi a
cr ghaPY, gaahﬁlgﬁsﬁﬁﬁsﬁsét fifegipiashl 5 BppiiaBetween the
er pendi cul ar netj ot di_ a 2 LLEgO
non R e PR Acon de e S Paane Hara pao s fotaver

mat g %dél ?a{y%@ C%GH Bendi, ol Ah-tREBRNIH: 5888 dldietic layer

| ayer desirable that the magnetic ‘grains
22 4da DRt 9" ¥akekLh RGe8r B4 NS gihdd REBL1ES | ZRtd1Odoes not

exist 1Tn a dispersed State. Mreover, it is desirable
hav%h%&xﬁgglq%@&abhscgb@&aﬁta%ibﬁ,tBedﬁaygbunerabadition for

colu

obtainingcrystallographicorientationisgiventothe crystalline
grains growing on the layer at the initial stage of the growth.

The oxide layer can be formed by introducing oxygen gas to
the softmagnetic layer 22 after depositionor by introduc ingoxygen
gas to the layer at the final stage of forming the soft magnetic
layer. Actually the oxide layer can be formed by exposing the
surface of the soft magnetic layer to oxXygen gas or oxygen dgas
diluted by inert gas such as argon or nitrogen for 0.3 to 20 seconds.

The oxide layer can be formed also by exposing the soft magnetic

layer surface to an ambient atmosphere.

Embodiment 3 (PERPENDICULAR MAGNETIC RECORDING LAYER)
Material composition containing Co as the main component,

Pt as an essential component and oxide material as an additional
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structure running through the perpendi cul ar magnetic
recording layer 25 fromthe bottomend to the top end
of the layer. Formation 10 of the colummar structure
i npli es good grain orientatigon degree and good grain
crystallinity, and leads to an excellent signal to
noi se ratio of the nedium suitable for attaining high
compeaenti g sulanbilley foko thlet pempehdiculamaagsetictyeeording
control of oxide content 15. contained in the |ayer
layés P5indifdldon ionqicet ant tiTheidesprabdbelisoxuiieabbat & the
isinarange from3 to 12 nol% and the nore
oxidesmatbrealcontent is in a range from5 to 10 nol % of
the total amount of Co, Cr and Pt. These oxide
conimnthe spermerd tcwbat rpayrRebie AROrGhagekayer 25, it is
precipitate around the magnetic_grains 27 and ver,
des snable dthainh § heswh gt el eeiddiiisc 2 gy é?%lzf?cayétfaéllﬁ%‘& gfains
t he process of producing the |ayer. The oxide_content

having cBATRGL 1 PREEOR MELSL | 0 hadspensed shatguseMphgover, it

is q:%d@bgﬂe@”z?gw @%?algfﬁa ”ertg%%bzfgéf'yé‘f%?}%ﬁga?%ﬁfaa?%ﬁmnar
strgg}:agg BRI RY t%/ﬁc’ hah Q:I}%Qelrgrﬁx% \ig:ég.atgnrﬁagﬁégggt %(gcordlng
layfé'n CERomAE ot Grg YOHE R R RPE b il firer Foffacion

Iﬁgcgqlfugtg{a%mf}?:@lgc use%{nhgggg f%écﬁc?t ﬁlb8§é§eﬂ'i:gtlon degree

separ ating
bet f
and, g9 ef? :?lllar?xeggér a%gc%{ﬁ g]%atdossg:'r?gérl é%cgleegﬂénﬁnglgnal

to r%%soe[ kgﬁﬁfgfdff:ﬁetmedfhﬁg‘ghﬁ_tﬁglé"fdlaég’é‘aﬂﬁﬂh@”ﬁl e§§cording

om13|gna to noise ratio (S/Nratio
dengﬁigrab content of the perpendlcular magneti c
i's fron10 to 16 at% and the nore desirable

Onﬁ:'Serﬁe&Lﬁ LB dO1 uhRa2 s @hiéturllecehteoltenoxiakRgesntent
are desirabl e because the magnetic

contained in the layer is principally important. The desirable
oxide content is in a range from 3 to 12 mol%, and the more des irable
content is in a range from 5 to 10 mol% of the total amount of
Co, Cr and Pt. These oxide content ranges are desirable because
oxides precipitate around the magnetic grains 27 and very small
and isolated magnetic grains 27 are formed at the process of

producing the layer.

The oxide content exceeding these ranges is undesirable

- because the oxides remain in the magnetic grains 27 and prevent

the grains from attaining good crystalline orientation and grain
crystallinity. Moreover, the excessive oxides precipitated at
the top sides and the bottom sides of themagnetic grains 27 prevent
from forming the columnar structure running through the layer.

The oxide content below the ranges stated above are undesirable
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.grains 27 have appropriate uni axi al ani sotropy
constant K" values and high magnetization values to
obtai n recordi ng and reproducing 10 characteristics
and thermal fluctuation staflity sufficient for
attaining high recording density. The Cr content
exceedi ng the ranges described above is undesirable
bechfgaudr: theett ofabepanhtihg begnaiansad jacastifagrniedric grains
for obtaining thermal fluctuation stability and for
is ot ficigergr and tdreyst fibdt vift graimisoeeamnitfohtdagradd, sizes
15 resulting in lower recording and reproducing
is adlsar Botwef f stiest , résulsingdndatge nediun heipe ageht@ngignal
of the perpendicular nmagnetic recording layer is in a
to nafige tAbAP10SYN 2BtaeY% The Pt content in the range
is suitable for obtaining Ku val ues required for
per Bhadiesdirab Liedgh @pp@engcctff Hhaperpearisndardragnetic layer
obtai ning good 20 grain crystal]init and orlentatl
is fegmed, Cante v Eh 3R JThe Tiare desi é%ﬂ £rom 10

fluctuation stability and recor pr.o

to I het GHART COREEPE AR Trodeh S ARG %C%ﬂsreo%i fitggetic

gr a&%gzl%ﬁt %E?{;g;ﬁ%é:}gﬂgé@%njﬁ%ﬁgg %rﬂja%%e ran%%gs?:ﬁmtth g values
h .
W A 405 0 o et
r
chaésg%egllg}:gcn:se%& ?B]e%mm eﬁ[l{f‘cstl%a[rﬁcﬁf'sté{ﬁﬁfﬁ Cgufji%lent for

alnlng t
fl. a d
A AR S S s
rang%%ocﬁgé &hcire ‘i@%%ﬂébl@be'c‘éﬁ%b €he I@' @5@5@ of the
elect e ron1t e group consisting of B, Ta,

gra%s W i Now £ S0 i I £B¥ 0RRE nfRg tHd1aa ﬁﬂ@ct@&tf@n s€éb11 ity

and oxi des descri bed above. Very small grain
ands'fé% o®xaehliagt g r@l&hsb%grls*taﬂ.ﬂ.in@ﬁs* gagdogtianfation degree,

orientation dégree can be obtained by containing

resthesaqelianesier aedowhiel badukbprodudenyr ehbacteristics.

It is desirable that the Pt content of the perpendicular
magnetic recording layer is in a range from 10 to 25 at%. The
PtcontentintherangeissuitableforobtainingKuvaluesreQuired
for perpendicular magnetic recording layer and for obtaining good
grain crystallinity and orientation degree, and which results in
desirable thermal fluctuation stability and recording and
reproducing characteristics suitable for attaining high recording
density.

The Pt content exceeding the range is undesirable because
an fcc phase appears in the grains 27 and the crystallinity and
the orientation of the grains decline. The Pt content less than

the range is undesirable because the K, values of the grains are

insufficient for obtaining thermal fluctuationstability required
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recordi ng and reproduci ng characteristics and thernal
fluctuation stability suitable for realizing high
density recording. 10 It is desirable that the total
content .of these elenments 4ss 8 atomc %or |ess. The
content exceeding 8 atomc %is undesirable because
crystalline phases other than the hcp phase appear
forapdat hgiphapeghdishsibyceygsdbatlingity and
crystall ographic orientation of the magnetic grains,
andThbi sdr pesdd ¢sl an mEgniensiel fecoediingetayelr p aad contain
reproduci ng characteristics and insufficient therm
at Id¢act oald ehemenbidelactfat from the mrdimhongdéating of B, Ta,
recordi ng. CoPt alloys, CoCr alloys, CoPtCr all oys,
Mo , Co®t QJd CoRt GG, SmCoFb SiRwnd@nGoReer Skhenntban el Cee Cr, P
t he perpendi cul ar magnetic 20 recording | ayer 25.
andMoktdebaglesed ibedugbave - of Vexy srphl | g2 Ebrii kg Rregllent
| east one selected fromPt, Pd, Rh and Ru as main .
cryssapdinitycand 0ee wraisearaentAtipe, feskee A3} be obtained
magneti c recordi ng_ |ayer. Furthernpr

by §88631PangnEoESR PLFRPLYEy SABR WBILH BEEHLtBoRp RS irable

recRRgHBBI AN CEO ARG AT BAZ S PEET S5 TRATE LR b SLUgPuat fon

stabaIARY BHQCPRISTEPE dBeLiaird TnpLkhBRstvE: *PRetRide:°
e

. di f hi gh- ' ' ' . .
is gﬁﬁé§ﬁg§g%ior'gesgensfﬁg5&§%§§§%ge£§§8ag%€9@ Y&hid he is

Sl €sst'han repro i ng outputs

und%%gg?éﬁg E%géggéi%rié%hifWﬁﬁgﬂﬂﬁﬁgpotWEEhtﬁQﬁgiﬁé@ﬁg)phase

0ol Se conponent as the dom nant

appalP § tnS5HaLBE &i@t‘%ﬁi}e§§g§¥8§§§!ﬁiﬁ9 ELLLS ] c&‘?@tallographic

reproducing-outputs fromthe mediumis too high an
ori%aﬁﬁ%tti%nb%'fng;h% wayekenm dir-aliakt i @Rd whiichs reeailtablia

at the coercive force of the perpendicul ar
insufficient recording and reproducing characteristics and
insufficient thermal fluctuation stability for realizing high
density recording.

CoPt alloys, CoCr alloys, CoPtCr alloys, CoPtO, CoPtCro,
CoPtSi and CoPtCrSi can be used as the perpendicular magnetic
recording layer 25. Multi-layered structure of Co and alloy
containing at least one selected from Pt, Pd, Rh and Ru as main
component can also be used as the perpendicular magnetic recording
layer. Furthermore, Cr, B, or O added to these multi-layers of
CoCr/PtCr, CoB/PdB, CoO/RhO and so on can be used as the
perpendicular magnetic recording layer.

The desirable thickness of the perpendicular magnetic

recording layer 25 is 5 to 60 nm, and the more desirable thickness

of the layer is 10 to 40 nm. When the thickness is in these ranges,
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magneti c recording layer 25 is 237 kAAm (3 kQCe) or

nore. Wien the coercive force is less than 237 kA/m

(3 kGe), the thermal 10 fluctuation durability tends

to decrease. The desirabl e gguareness ratio in the

per pendi cul ar direction of the perpendicular magnetic

recording layer is 0.8 or nore. \Wen the squareness
thel pbkpeh8itasart hasobdBngt heditar cah wbuktaataanedium for

durability of the layer tends to decrease. 15
highnhedsestmayiRRCTEET MEL hAYERJh &y pheall ickngssoi e dieissethan
| ayer 26 is fornmed over the perpendicul ar nmagnetic
5 nif padediragrbdyel ng mutihe pfobect he evddiyay is28>¢ dokiogpmpared
to avoid corrosion of the perpendicul ar magnetic 20
withedos dbligel, aami t2hdarl obtagnotetse enpesgni2 s frgdeninant
from damages even if the magnetic head gets contact
outpirth .t Héhemthemhsgkngss exqred et niy tha keprpducingoutputs
containing C, SiQ2 or Zr2, for exanple, can be used .
fromshehmegivndd toe highand tenddesing B wayekgry gestortion.
thi ckness of the protective layer _25 26_is in a ran.
ge BEMReRsiraBlethah ChHEORFINmSerea At dupPepRendicular
di stance between_the head, an e dj short enough
magngtife ZPPOrAGNInL §FcHeh3i 15 ?%%:Mg{f /&qu{}bﬂrc A " when
| ayer can he plaged_.on th r ctive | gy 6.
theP@Png&HFo§8F§§tHér}eﬁﬁcgﬁaﬁ gﬁgokbégs(grﬁégﬁbo%ﬁé thermal
acid fluorides,  .for exanple, ,known_as | or
fluﬁil%éﬁnagutrﬁg’lll&ﬁyi SEREST 5P cEfERely: Cing 9dted
Enbodi ment .5 (MAGNETI C | NR.
Sq@&fﬁ&ﬁﬁ?u§ﬁtlﬁiéF Eggc g%&%ﬁgngggghgﬁgggn obllgﬁghsiew
0 n dj r 19l r gl
perPepflsTdtRgnE s L et as 1aRET O M FBE more Mhen the

sqdyfaﬁe%%iY%ki%ngrQEﬁg tPahh® . R e2fR! thermal fluctuation

durability of the layer tends to decrease.

Embodiment 4 (PROTECTIVE LAYER)

Typically a protective layer 26 is formed over the
perpendicular magnetic recording layer 25. The protective layer
26 is formed to avoid corrosion of the perpendicular magnetic
recording layer 25 and to protect the medium surface from damages
even if the magnetic head gets contact with the medium surface.
Protecting material containing C, Si0; or Zr0,, for example, can
be used as the protective layer.

It is desirable that the thickness of the protective layer
26 is in a ran ge between 1 to 10 nm. The thickness can keep the
distance between the head and the medium short enough for realizing
high-density recording.

A lubricant layer can be placed on the protective layer 26.
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i nvention. The magnetic di sk drive has a magnetic di sk
42, a 10 magnetic head 43, a head suspensi on assenbly
(suspension and arn) 44, an actuator 45, and circuit
board 46 in a case 41. Themgnetic disk 42 installed
to a spindlenotor 47 is rotated and various digital
data are recorded by a perpendicul ar nagnetic
PerEQﬁ@EQpB V\%g’ehhﬁd althdoTefnest iddead cdtbonia dvyist fluorides,
in ich 15 wite head having single pole
forSéiaaﬁleé £ ks eadphtad davicw BeRused TAR thd dubgicent for
are | oaded on a common slider nechanism The read
thehe@adrtiyphtallhyeuses a shield type MR head. The head
suspensi on assenbly 44 supports the nagnetic head 43
suspendi ng and facing to the surface of magnetic disk
. 42. The 20 actuator 45 driven by a voice coil noto
EmboYdientabr i MBGNBERSt RBCﬁBaaNﬁsANB BEPBPBWIEGyAP%B%FUS)
position of magnetic disk 42 through the suspension
assEibk vt seheppsagaltyi shews g ebbbare vaevyeh é‘rfla?’é@"dlment
and outputs drive signals for dr|V|n t he actua#
foraWég@ﬁﬁﬂFoFec§F§h§BsaP@rr@BﬁP@BFlPSa PR 2HBS wh ?#ﬁ
function of the magneti,c
abbrsERACAR eR ngANBLﬂRSiil E‘lefg?cﬁ‘séﬂéélﬂﬁ EPsE%hBBSEent

gl ass substrates (nmanu

invigner 316 MABHEEIE Wbl o~ (AEIT s it Iﬁao%lh%%l%tﬁ?%é]? 12, a

mag%%%;s suqitrateagfﬁhggﬁé?ﬁéﬁ &ﬁﬁé@ ?2%% %i@h%nuiarm
44’e9§c&§ 8%%9% % fgﬁ %n%chq% Eogﬁﬁuﬁg‘ﬁpagbgﬁs@aﬁl.

| ess™,” and then magnetron

Sp“‘opgx - g;% W3S, cﬁféﬁhf‘in%‘ﬁ%l‘l%d% 6,8 l@Eleeﬂl%t@tr@ﬁf.@%%ated

acc e procedure as desc bel ow. First

d iy &uTHR Wagmet
L T

reé?%:d@%g method. The magnetic head 43 is a hybrid head in which

‘write head having single pole structure and read head having GMR

or TMR film sensor are loaded on a common slider mechanism. The
read head typically uses a shield type MR head.

The head suspension assembly 44 supports the magnetic head
43 suspending and facing to the surface of magnetic disk 42. The
actuator 45 driven by a voice coil motor (VCM) carries magnetic
head 43 to an arbitrary radial position of magnetic disk 42 through
the suspensionassembly 44. AheadICincircuitboard 46 generates
and outputs drive signals for driving the actuator 45 and control
signals for control reading and writing function of the magnetic

head.

(EXAMPLE 1)

1) FABRICATION OF GRANULAR FILM
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10 sputtering using a sintered conposite target of 20
not % Si 2 added CoO and then the substrate was took
out to the anbient atnosphere. Fromin-plane TEM
observation of the CoO S102g ayer, it was found that
the layer had a structure conprising crystalline
grains of about 6 nmin dianeter separated each other
by opashystadb ldisk stapgidignaseusdbsteatet @anufachured by
and the crystalline grain arrangenent of a hexagona
OHARX L, yutves diamegeirzed ikchas » wemranos &eDRoartdie/gpsmagnetic
usi ng a probe having about 1 nmdianeter, it was
glabswubdthatitdsénpth im ek ao@EiEosi| Algiraasnsubéttfﬁ@e was put into
crystalline grains was Co and 0, and the prinmary
a DCawppsitirioonsphtherihg dppaictys ZONERYASTO athlDambﬁre and the
val ence of the cobalt oxide and the silicon oxide
vacwanehambeaved siareduated toHex 10T Rasex Lesgr @ndashempaghetron
to be formed by an eutectic reaction of conpounds, or
sput&eséngbyas ca‘rrral@dapu@hwaQ:-tﬁaPﬁsMc%a%ﬁtﬂlﬁépé%enaccordmg
ggre gates. Filnms with simlar structure were found
to tBe pPrragdmsenad Bgssribrtakedt¥-25 sputtering of CoO

Eg;?%g%f Iéz o i ﬁﬁ#ﬁ%gi%%'ﬁ&lﬁt“gﬁ?ﬁ! s, Pl nm was
ord Thg| & ] it T DGR et Ao TR Y RF
spugggﬁghgersrngrgg:ﬁ1$ (0% f’:@ﬁtﬁ)ﬁ%&%\%ﬂ < re%@sm&%giéz added
CoOls,re]allqcﬁ]i: veI Eﬁ rgt%%é 840k Yt {B%h%tégﬁ:[%@'é&ﬁ8§§here.

ayer  "had regul y arranged

h0| ?% l{[‘ e@g{ge;ggﬁﬂgﬂ%}%%gg’f&ﬁrofaEHe%oé—%zhlg’féfonﬂt was

er-| ayer was sure to

fouﬂﬁgﬁgﬁ?‘éhe esru ShPL LriRsuPy o sting SR ELT1 e grains

agai a reverse sputtering was carried
of Hbut AT Xntcﬁ"ffarﬁéfﬁ‘ Hefarted ehdhtSFRsr Iy BobicPgsAalline

gas atnosphere. This process is effective
grain boundaries of about 1 nm, and the crystalline grain
arrangement of a hexagonal symmetry was recognized. From a
nano-EDX analysis using a probe having about 1 nm diameter, it
was found that the primary composition inside the crystalline
grains was Co and O, and the primary composition of at the boundary
was Si and 0. The valence of the cobalt oxide and the silicon

oxide were not evaluated, and the film structure was thought to

be formed by an eutectic reaction of compounds, or caused by a

fractal characteristics of the grain aggregates. Films with

similar structure were found for films formed by simultaneous
sputtering of CoO and Si0; using binary targets instead of using
the composite target.

Etching of the fabricated film was carried out by immersing

the filmwith the substrate inHCI solution. TheCoOwas chemically
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10 for cleaning up filnms and atons formed and attached
on the film surface when the filmwas exposed to the
anbi ent at nosphere. This cl eaning process by
sputtering was nuch effectije for conductive Pd
because a bias voltage was applied to the substrate
side. Then <clean Pd surfaces at the bottom of the
etchelies oy bbReSiddZHiaNgsrodss svacbhit ahgphysiealffiess such
holes were filled with Ru by sputtering deposition on
as thacsubst {6k eetssh gy Ruvh oty efenmarvibsa0loy ised echd vbilgs can be
voltage to the substrate. The bias voltage ‘applied to
applliedsfbstutaie esedrimd pnotessserin dahiisnsthige,stle $i0, layer
because the sputtered Ru is neutral 20 atomi c grains,
hadapdgRlacbyl drdepgsedthohes heltioladmnsta el dismetegeand at
bondi ng energy difference between Si 02- Ru and Pd- Ru.
eacThbobtam ofdtheidwlaspl iacd: the Pd undesrlayertwas sure to be
however, seened effective for obtaining selective
appeapedi-t i on and surface snoothing due to the mxing
and sel ective sputtering of convex portion by the Ar .
25 ChRSULStYAYE YeFPEF 1nhe thraNuAR s5ing @P%@Eer adgain and
sectional TEM observation of the granular film.layer
a rpyefas SRRFFEdLBULWASrCARELR At aMangIy 16 :P&&E“eﬁlﬂff was
the nethod described above.. As the.r.esult, the

Sp@ﬁ:@ﬁ@@u%% UyinBe A% FESAHCSRRC §1p PLPESEP Gy fective
Fig. 1 f . | | .
Forng Ry shd WP L OB e 5 oPe SRetan 3 AE A Hh £heCetn

! dor oot ol : .
RIS IR R

c le%ﬁé%?ﬁrg%gég %ﬁ@%ﬁ%gﬁ{xgﬂ:é’é ptont Be£EBL e F A Bonductive

U Crys Imé grarns In granular

Pd %%@égﬁsé‘% %Mgrslfxg{/ler‘%%legﬁgﬁﬁ%{ﬁlg.édqgoWgﬁb¥t?§{:é/§%@e. Then

gr anu he under-1layer 13 an

clegglg?'ihir %Pk?%g'e%hﬁgrlgg%glﬁﬂéﬁgﬁrof RE HSled her egtd n@itcediayer
was obtained.

The Si0, holes were filled with Ru by sputtering deposition
on the substrate using Ru target and applyi.ng the bias voltage
to the substrate. Thebias voltage applied to the substrate seemed
not essential in this step because the sputtered Ru is neutral
atomic grains, and Ru could deposit in the hole as a result of
the bonding energy difference between Si0,-Ru and Pd-Ru. The bias
voltage application to the substrate, however, seemed effective
for obtaining selective deposition and surface smoothing due to

the mixing and selective sputtering of convex portion by the Ar

ions.

2) ANALYSIS OF THE GRANULAR FILM

Cross sectional TEM observation of the granular film layer
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grain 14 penetrating into the under-layer 13 was about
1to 2 nm The depth neasurenent accuracy was limted
by the TEMresolution. Furthernore, it was found from
lattice image observations gf the granular filmwth
hi gh magni fication that orientated 15
crystall ographical lattice planes were found for both

was! 88rPled Upgerfdavale rGndlarRE ilar tlabrdsateliony nghe eethod
exi stence of an epitaxy relationship between the Pd

destpiBed| apeveandhd MtheRresSilnge thiehetRuckayer ahmest the same
actually fornmed al so on oxide grain boundary, etching

as fhHeeesacttypecal tyatly sterer §égspliasr £agndar riregheygranular
after 20 the Ru formation is effective for obtainin

layéir| b6 havhe R umyls@allmeggaaﬁnsepér'@h%dn@xalugtr@ri@Sagd were
snmoother film As a result of X-ray diffraction 0-2

growoamp h fof ddeecsiopenrspendasuter-tag-he parg o2 ?PBﬁifrate
Pd (111) and Ru (00.2) plane respectively were fou

12,vwandf eall, Rar@rystat Hare ;Sié%ﬁklfék@é;pldlf"étd% bafe?“-hsc?m%ghous
fromthe substrates From t he rocking _cu

Slolzr]f,fa% drhemdmit ero rRd 0 GBtE)leéakf’ f TS RY PryFGanLApgoIrains
of 6.3 was obtained, t hat, .an ce

in gryBRARKo4REBRI L6 dﬁ%rﬁ %ge’iﬁfse%"tga%ﬁ&dh’%}dary between

ene SEARPTRR e T e LM R oo
h
theC Hpﬁan agtﬁf:t {ﬂ ﬁ & Rr a?’egs; Jgrbmaettr & cher?grﬁiS ro\gc té:?l%u aPt érystall ine

o AT T R A T St 2
The %%}étﬁ %%591 %{éﬁﬁr éé@féé@%ba%r i‘iﬂﬁté Hﬂjﬁhgrﬁw&ééolutlon.

oundar et ween t e “granul ar | ayer

Furthf e el g%% *hANAr £rdfe R4 il $habbi 5i6s &F v FoNEIoF the
not excedde boundary. As a resul't of 0-20 scan
grat®13e Finay Withf haghl ABgnification that orientated
crystallographical lattice planes_were found for both the Pd
under-layer and the Ru particles, showing the existence of an

epitaxy relationship between the Pd under-layer and the Ru. Since

~the Ru layer was actually formed also on oxide grain boundary,

etching process typically by reverse sputtering carried out after
the Ru formation is effective for obtaining a £ilm having further
Ru grain separated structure and smoother film.

As aresult of X-raydiffraction0-260 scan, diffraction peaks

near 26 = 40.1° and 42.2° from Pd (111) and Ru (00.2) plane

respectively were found was found, and no other peak except for
reflections from the substrates. From the rocking curve

measurement for Ru (00.2) peak, full half width Afs, of 6.3° was
obtained, showing that an excellent crystallographic orientation

was attained.
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di ffraction peaks other than Ru (00.2) plane were
observed. From the rocking curve neasurenent for Ru
(00.2) peak, it was found that the full half wdth
A050 was 9.7, showi ng that #the 15 crystall ographic
orientation degree was inferior to the orientation
degree of the sanple fabricated in Exanple 1. These
results inply that contam nation fornmed on the film
surface when the filmwas exposed to the ambi ent
(COHPRREPIEE cEXBMPLEIOL ) renoved. In this conparative
exanpl e, the bonding between 20 Pd and Ru was not
squlgr&mnlax)ﬁwlmywaSﬂiahQMﬂﬂﬂGdogﬁaﬁﬁl@BPI?ameeBE%c?$s as
is known that the Pd surface does not form oxide.
des ¢ CONPARATE RAEDAMREEEDE hajr ShalRiy LAY PHF weserkarmedy syhout
using the same process as 25 described |n
cargyéagtouthahe: AeVerep T FRTANMG PEGOCES BRIty a@gfg}kl% fy HCL
treating the | ayer successively after depositing Pd
solykden-l ayer was replaced by a step of forn1ng a 10nm

t hi ck Ru-Si 02
L
servati on e
was oW FELARSEIAE TP §P RS %ﬁem‘?%%? %gbeﬂ‘fé"?fanular
1aYgFaWEFSIZ§a§g§b é#g 5%§Pb§£ 8nghéh§r§¥§i§9619§é£nand the

ncrysal I'ne
d
oneb SRS IR oL TR B chPESer g, erapa wne
r AV .
bougpﬁFﬁ ar¥gL§éﬁ%%a£ Ptrggggﬁgggg%lggbﬁfcr Hff&fd&tlon'

dif?%gclt?ﬂﬁl %gé en EE:V 4P RuOf 06 hﬁfi bavele weté o%%rfv@drld From

one & Ru crystalline grains in the 10
thedrBBY) ﬁIE; L3y M@&§u:@éméﬁ€ Boringar o et werak,hét was found

gr anu l'layer —and under-|ayer and not exceeded the
thaROWRdaEh 1! E‘Si?ag’?a%hd Rbed Wity t7hesghoRsHlt ehat ethe

caused by t
crystallographic orientation degree was inferior to the
orientation degree of the sample fabricated in Example 1.
These results imply that contamination formed on the film
surface when the film was exposed to the ambient atmosphere was
not removed. In this comparative example, the bonding between

Pd and Ru was not sufficient to orient Ru crystallographically,

even if is known that the Pd surface does not form oxide.

(COMPARATIVE EXAMPLE 2)

A granular film was fabricated using the same process as
described in Example 1, except that the step of forming Co0-510;
layers and treating the layer successively after depositing Pd
under-layer was replaced by a step of forming a 10nm thick Ru-8i0;

granular layer by sputter deposition process using a Ru-Si0;
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that the conbination of Ru and Si Q2 shows neither
eutectic reaction nor fractal character, and even if
the Ru layer is forned on a 15 clean surface of Pd
under - | ayer, the depth of Ry grains penetrating and
diffusing into the Pd layer fromthe Pd surface is
less than 1 nm (EXAMPLE 2) 20 Simlar results with
comg&gﬂﬁéetérggte obt ai ned repl acing the cobalt oxide by
Iron oxide and by nickel oxide in Exanple 1.
Fur Fherppanae SEM sbsénvahion @ fExbeue SiOsgyrmnular layer,
obtai ned by replacing silicon oxide respectively by
it whéafbwmd cotiade thel gradonm ioxthe, layenhiave darge grain size
zi rconi um oxi de, zinc oxide and tantalum 25 oxide in
disExabpkéof. alEROWGI EIG) avpr AASRIGAT ANa0e tRERPERGHIEAR .
MAGNETI C RECORDI NG MEDI UM 23 As nonn%?netic gl ass '
Nonsupseliine, gzain dovadayies wrregiaed gbusstigfdrickngss of
(manuf actured by OHARA Co., outer dianeter 2.5

thei hewed)r RS eafsBat WL Qiths s FRTBEETRPES  ERE TS tak grains

the DC nagnetron sputtering apparatus (ANERVA Co.
were. bonaged I@%ﬁﬁ%ﬁ?‘o%rﬂi‘-ds ne\ﬂa%qgr&iﬁl% é%%%%%&?&m% was

T ecgggé%géﬁdpfﬁ%ﬁ %ﬁ%ﬁi&ﬁ;& Wa‘?% f(?ﬂtl gogf ttg‘&[ layer,
it GRROEPTR (1K QIS LOAEPORa) br R FrHE 15 J1a4fy 1o the
Traar THCTARCFor Rbdth DL TR SR g EE fayer
and HgRet 27 syor 35 ok SHEPRaRl, Re ko a2 et i o

| ay‘ﬂ:ﬂ%@%&r@%{héfﬁ%ﬂ%@ Eﬁ‘éﬁe"@%sﬂq%e arakeBulEl by ®he fact
the™andi ent” atosphere. Each substrate cool ed dovn at
thaten EBBhB T ha'l BRFRAGNPSi0, shows neither eutectic reaction
nor fractal character, and even if the Ru layer is formed on a
clean surface of Pd under-layer, the depth of Ru grains penetrating

and diffusing into the Pd layer from the Pd surface is less than

1 nm.

(EXAMPLE 2)

Similar results with Example 1 were obtained replacing the
cobalt oxide by iron oxide and by nickel oxide in Example 1.
Furthermore, results similar to Example 1 were obtained by
replacing silicon oxide respectively by titanium oxide, aluminum
oxide, chromium oxide, zirconium oxide, zinc oxide and tantalum

oxide in Example 1.

(EXAMPLE 3)

1) FABRICATION OF PERPENDICULAR MAGNETIC RECORDING MEDIUM
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15 put into the sputtering chanber again, and a

granul ar layer simlar to the granular |ayer

described in Exanple 1 was fornmed on the soft

magnetic CoZrNb | ayer. Thems he followi ng sputtering

film formation processes were carried out

successively in the chanber. A 15 nmthick CoPtCr-Si 02

per penthotd Gicthgrdidss sebstdangs,28 ¢bgmmedarp Hoskeshaped

on the CoZrNb soft mmgnetic |ayer by RF sputtering
gladeposbstpatesi (uaruGeditired/@y- QDARAKD ) » dutst/giegeter 2.5

conposite target. Then a 5 nmthick carbon protect
incheggr weame fiseded. TEachlasdstuks brakes exeeowpuinte the DC

deposited | ayers was took out fromthe chanber and a
magpetpendsput ber ing rappar atato  ANEEVAEP urf -3l aghanber, and

obtai ned by formng al. 3 nmthick perf |uoropolyether
evakuhtiedarite vhayen aranter podted0 7 Bg@r besssi dipah substrate

di ppi ng nethod. The CoCrPt in-plane hard magnetic )
was| Apetedatondffid i Al el Magnes road SPutyerdag Was eprried

the disk by applying.a radially directed 24 magnetic
outf gg| éeéf:r}éeﬁlogeﬁé’i‘”ndnaAé'p@E?a%/’H?oaBg‘leﬁﬁed

FecBRaPhG BISK. aaethi B tiisd BEMG ThORE- FOYFEaS TppEed to
cacBERPRRER SUE A INAERER & HLEBbRe R MEEAONRSREY b R EaYeT
wasp S FRRA ROUE P TRIHet I ToaB A Ragrsniap AR ayer
a 20 m X HEE L B8y R TR iR i aFRr P8 was formed on
theggg%&%@eeei& JhiesP i@n EReldihSOf{tdR@REbhSe @& out

perpendi cul ar magnetic 10 recordi ng nmedi um

to W8S URihiY aRthdapn@ral.n (grain) boundary was
recogni zed in the layer. The structure of the |ayer

coulgdhesubg@rhdedca61a00aHRE Ust tiade ngnd ik iBldtmvsphere was
conposition of the layer well fitted to form

putt PP RABS it st ifPoBhBbet Blga iag b grimlRdlipyesimilar
corresponding to under-|ayer 13 of the nedi um was
to k@emgdanular layer described in Example 1 was formed on the
soft magnetic CoZrNb layer. Then the following sputtering film
formation processes were carried out successively in the chamber.
A 15 nm thick CoPtCr-Si0, perpendicular magnetic recording
layer was formed on the CozrNb soft magnetic layer by RF sputtering
deposition using (Co-16 at%Pt-10 at%Cr)-8 mol%SiO; composite
target. Then a 5 nm thick carbon protect layer was formed.
Each substrate having the sputtér deposited layers was took
out from the chamber and a perpendicular magnetic recording medium
was obtained by forminga 1.3 nmthick perfluoropolyether lubricant
layer on the protect layer by using a dipping method.

The CoCrPt in-planehardmagnetic layer was magnetized toward

the radial directions of the disk by applying a radially directed
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15 on soft magnetic |layer 22 instead of nonmagnetic
netal under-layer 13 in Exanple 1. It was found that
the Ru crystalline grains 14 were separated each
ot her by anorphous Si02 intgf-grain material 15 and
were grown toward the perpendicular direction as shown
in Fig. 2. It was also found that the crystalline Ru
magilediiest idlaverfel 2k asfingxc speachiglijeies byried el egvepmagnet
t he boundary of inter-grain material 15 to
magweddrzdrayeh perpendidel dotmagreioic tteesdRyling dilsk degcribed
were penetrated into the under-layer 13. Moreover, an
belepi teExthoute nattiices Hisp thet wegnethiccAd disk grscRribgds above.
recogni zed. In the perpendicular magnetic recordin
2) [FAPGUATIIONGEY FEEo PERREMDIRHFLARS MAGIETLE REﬁ@RBﬂHFn glED UM
27 separated by inter-grain material 28 we
eplFéﬂﬂaﬁlFr@ﬁéwﬁe€§ﬁpnﬁ&o@§ﬂyOPﬁﬁﬁW?ﬁéORureﬁF&anoﬁthe
the inter-grain naterial 28 was grown on the
£ ahm@tﬁgﬁr BERPAREEFRART HQHPEMCO%%%GQ%% MegFigthe it was found

endi cul ar magnetic recordin

 thagt DgnatFACERES| dytra osTo ¢ h&rﬁgﬂed?%?ﬁfr SRR S ready

di str.i bution charactgrlza i on wasdﬁﬁgorned accordi

schpaiea ol Py B taute. TG GO ATk COREGPRREILNg
t
to {14 &9 a%&’&“fgéaéﬁﬁr e 8" 3?1[%‘3%&5%'“@?%%@%9“6“‘?
reirdird e ilﬁﬁ%t?% “?Eg"‘ﬂ“f)%{éée‘&%r@%.‘?k@ﬁ%{’e[?&“?’?aé was

redonqﬁezedd%.tna %S(% 19- pBespfGacf ngeUB'fthle P could be

"N Was ca cul's counting nu of plI xe I n

reg%atl‘&zq)lzﬂsl hgﬂgnt @l 3119 E@fn fbsYB¥on of the layer

ate un1ng each’ grain ou |ne was circular.

wellig fTLtl’:%e@lV€6aE§r1ﬁ“ﬁﬂ@ﬁpﬁ{oﬁ‘@ttﬂﬁ%t%tr@ﬁirsg devb aldburd. The
e grains were obtained statistically processing the

Pd ﬁé?@ﬂ%ré’éﬁéﬁdﬂﬂj keNuderihgy&al1Gubatiak gediam was formed
di aneters assumi ng a normal distribution. The

on 9% iRy Bpeslnaniie i of hoimgneit ic gedaDandes-layer
5.3 nm and the standard deviation was 0.8 nm

13 in Example 1. It was found that the Ru crystalline grains 14

were separated each other by amorphous 8i0; inter-grain material

15 and were grown toward the perpendicular direction as shown in

Fig. 2. It was also found that the crystalline Ru grains 14 were

grown exceeding their bottoms over the boundary of inter-grain

material 15 to under-layer 13 and the bottoms of the Ru grains

14 were penetrated into the under-layer 13. Moreover, an epitaxy
relationship between the Pd and the Ru was recognized. In the
perpendicular magnetic recording layer, it was also found that
crystalline grains 27 separated by inter-grain material 28 were
epitaxially grown continuously from the Ru grains and the

inter-grain material 28 was grown on the inter-grain material 15.

TEM observation of the perpendicular magnetic recording
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15 Periodicity of the grain arrangenent was estinmated
by processing in plane TEM photograph image data
inputted into the conputer and carrying out two
di mensi on fast Fourier trarps formation. A hexagonal
grain arrangement regularity was clearly recognized
in real space inage before the transfornmation. The
laybexagsnahr2fledyonet andaingrbénlayennpbaed: gkain diameter
confirmed by four clear peaks found in the
distrahstoonedhspectevhzahbge. vas peréeuped ACcCRD@ingare the
using X-ray diffraction, diffraction peaks near 20 =
fola8wiAghpredadayepl dtiecsdf QORI Si2n-adand g5 Maypér, to 2
and no other cl ear peak was observed except for
x 106f fufarcaritf iores: 26 MEMphiesogrephr e ingr et LRaSEoLRP ngr more
curve nmeasurenment of the _diffraction geak fl%| hal f
grawt]ldmagx@%ovacﬁ agblpraggs ek FnorhPRITFRd (TS RovRputer
that excellent crystallographic orientation of .the .
as 4PaTRIGER T A, 08 LIRSS, OBR PG S e PRginase

datggrg%q?%é%il%é |C S&ﬂ%ﬁ%ggﬁéﬁg’é%‘%‘? &&d ‘858 épgelg'ig%g V\ﬂ\)ﬁa%{ ca lculated

anal yzer R it , . j .

oot e 15, P, A 0, g
._sinagle pole s . '

B N

The:%gérlgegéjgc :dﬁgmﬁig]cf nci’\’@ﬁeu.;st%drldcfﬂ:ﬁ QY@L 48l 8n Jf€he grains were

si'ghal out put and noi se of the recording

obtgﬁﬂieﬁr%ta{g&fg%f/i%%r‘?}@e@girﬁfﬂhbt peleqSed®y dilst@dbution of

recordi ng densi 50 kFCI™ and noi Se square average

the‘%éfﬂ@umg\:gﬁ g?&ﬁ?ﬁ d DAmdt &8 ra ddink B dinbgmeenatiby rabution.
4 KFCl wereé neasured. As the result, no spike form

The8b88 i WaE Q\F’é‘ﬁéc{ d it dh o Michle mughet tc anch txceltd=eft. 3 nm
S/ Nm val ue of 21.4 was obtained. Furthernore, a signa

andN@tien@ t dnidaedr deedardongwdensi.By naf. 100 kFCl was

recorded to the recording mediumand the output

si gpelridatiefitgr afi chedyeatia tlreamgkment was estimated by
processing in plane TEM photograph image data inputted into the
computer and carryingout twodimension fast Fourier trans formation.
A hexagonal grain arrangement regularity was clearly recognized
in real space image before the transformation. The hexagonal
symmetrical grain arrangement was confirmed by four clear peaks
found in the transformed spectrum image.

As a result of 0-20 scanusing X-ray diffraction, diffraction
peaks near 26 = 43.5° by (00.2) plane of CoPtCr-8i0, recording
layer, and no other clear peak was observed except for diffractions
from the substrate. From the rocking curve measurement of the
diffraction peak, full half width A8s, of 6.6° was obtained. This
result showed that excellent crystallographic orientation of the

grains was obtailned.
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15 fluctuation was eval uated. The output signal was

regularly nmeasured for 100, 000 seconds after

recordi ng operation was finished. The output signha

decrease was within neasur&@éent error, so the signa

attenuation rate was evaluated as -0 dB/ decade 20

( COMPARATI VE EXAMPLE 3) (Effect of crystal

or | Ené atreocntd Magnand crepredes g neltRIAf iRkt ek Hutt e the

fabricated by the process described in Exanple 3, .
fabeicapedtperpendiamanrecaysiing peAapn ¥vas @ye lgahfd §p1ng a

| ayer described in Conparative Exanple | was forne E;
readwnifve TIPS 12 (RERGHIG ey UPA LABA SRR Falds 70 1MP

after putting_ the substrate into the tteri
Thec KgRPEALRgapRd F?Eﬁ?é\l%é%gs,e@ﬁaoﬁaVlfr‘Eingg%%gﬁggP%e head

esien AT i i Gl Pt
N A P A L T
thege;gg%@ﬁ'l@w%ﬂgél@& frgtbgnd nm%s%g%geélgee Mg mesion
repiPAgep orcePifFbieie ¥ taay Pctitho Sensity of

50 %E%#L%%Fgépggﬁeﬁ Eé?EUQEEQaBé RLOGeSRkNgrt A8ik8- pbanginear

e data. From t he eval uat ed

recrgﬁﬁhpﬁdehg'%?sofqﬂﬂﬁIﬁﬂﬁ?w%E% negsgteq. 9red the result, no
di ameter ot he

standard devi ati on of the di ameter and

spikBOFb A Idohis Ads DEEENFed Blvelhenddaisk &hif pagermid eweedlent
simlar to the results 10 for Exanple 3. As a result

s/1af v314Q $¢ap1Vsi ¥gs obeyifed| r airdtermdird,r acsiignal having
peaks ot her than the peaks by (00.2) plane of

1inERRt £8cS-@2n¢ deakdithiof ayekFor wasabser et thridre rhgording
rocking curve nmeasurement the peak by (00.2) plane,

mediitin ahal fohel diut pMEO sdynaQ. Aewas ioraaived dughgolShermal
result showed that the grain crystall ographic

fluativaitialn easdeyadaated. The output signal was regularly

measured for 100,000 seconds after recordingoperationwas finished.

The output signal decrease was within measurement error, So the

signal attenuation rate was evaluated as -0 dB/decade.

(COMPARATIVE EXAMPLE 3)
(Effect of crystal orientation)

Magnetic recording medium samples were fabricated by the
processdescribedinExample3,exceptthatagranular1ayersimilar
to the granular layer described in Comparative Example 1 was formed
on the CoZrNb soft magnetic layer of each substrate after putting
the substrate into the sputtering chamber again.

From cross sectional TEM observation for the fabricated

medium,itwasfoundthatthebottomsoftheRugrainsinthegranular
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was | ower than the orientation degree for Exanple 3.
The recordi ng and reproduci ng characteristics of the
fabri cated perpendi cul ar recordi ng nedi um was
eval uated using the sanme @wdition as Exanple 3. As
the result, S/Nmvalue of 19.3 20 was obtained. For
thermal fluctuation decrease of the output signal, a
f i Liniweaar ato thp o wdeleryast theaindar 4 1layay andivere B%%rated
was found and the signal attenuation rate was -
intdBtheceniter Trayenwe 5 18ANMY SPaBUERITE HE® rﬂ%@ﬂmire 3'for the
thermal fluctuation durability of this conparat
cryskamgtowid indie PErPABEEWEAL TESandAntL] RESF a3 ehserved.
orientation dispersion and the |ower,c ystallo aphi
ori EAtBLABA BEYpRPIPEYAWEPR VABUGRTTHS b%‘l%au%*g% &6‘3 grain
the inconpl ete Pd- Rucﬁ¥ tax el ationshi

a: ameERPAREA T VD ESEIAR éEta’b“fa’bq%{ﬁ‘%itaFFgﬁééﬁét?) were

vl R G S5 “&*Bzg RS I, el g

h
Fro%“a'gel}%greg‘?&l tﬁﬁa bll? Ré ubs s?z%t%({eleb'ln?Rg{:he sput%’Jtn%tlc grain
dJ.afng g?:e;}:ﬁ% affae}%é]axfcﬁ |8 48% 8R! éﬁggil%&&r A i‘égularlty

ayer escri I'n Conparativ

L Eh e T

forokxggglgu rains in the granular 10 filmwere at the
ry o t he under-1I ayer and wer e not penetrated

' nt gﬁtgqfe&?ﬂgﬁflﬂ@é%rscaﬁl Hé.ll.ﬁ >(Uc§ ﬁﬁé%ﬁxéﬁkgaatlon

crystal growh In t e pe cul ar recordlng

pe&ﬁ@@%b&@%hﬁﬁ&ﬁﬁyﬁéakéMB@t@@BngahﬁedﬂaﬁﬁPECr -5i0; recording
distribution characterization was carried out using

laylet Wb P8 @pEeiveldser ¥abh ahaandcRingesstvgmehsugenent ke peak
i mage data. The obtai ned average dianeter was 5.7 nm

by gﬁd .bhepsiredand 10w &t « 08t Wasds) . & . 2¥iwaldptdieed. The
|str|but|on of the

result showed that the grain crystallographic orientation degree
was lower than the orientation degree for Example 3.

The recording and reproducing characteristics of the
fabricatedperpendicularrecordingmediumwasevaluatedusingthe
same condition as Example 3. As the result, S/Nm value of 19.3
was obtained. For thermal fluctuation decrease of the output
signal, a linear output decrease against logarithmic time scale
was found and the signal attenuation rate was -0.04 dB/decade.

The lower S/Nm value and the inferior thermal fluctuation
durability of this comparative example were due to the lower
crystallographic orientation dispersion and the lower
crystallographicorientationdispersionwerethought1x>becaused

by the incomplete Pd-Ru epitaxy relationship.
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magneti c grains 27 of the TEM i nage was at random and

clearly different fromthe grain arrangenent found

for Exanple 3. In the fast Fourier transforned i mge

no clear peak due to periodiscity 20 of the grain

arrangenent was found. The result showed that the

grain arrangenent regularity is hardly found in the
(COMBRRBATIWE EXAMBLEt4df 0-20 scan using X-ray

diffraction, no diffraction peak other than the
(Effiectr aft poaipeaksanpygepedt?) plane of CoPt Cr-Si 02

recording | ayer was observed. Fromthe rocking curye .

25 WaaBetiedircidinenpdARm MRl eRHFELR; %%WJA%%%F%¥’Y using

6.2 was obtained. . The result showed that ihe grain

thegysegens 6gFapRPeddm EXeRPL6H - BEGPRE g e tayer

*on P e ot DRSS inco

eneC AT ELA S SRR 8 o PR RBL BT FBB TR By g camunr
. dit] f h | .
1ay§%r§éﬁggaggﬁgn€g%qg %gfﬁ&%ﬁﬂﬁﬂ%ﬂﬁggﬁ?gsg%g%%?ﬁ%tgﬁggggb 2.
S! gpa .l of |
0 BT M oHEARa L L B0 A Wit et

mEdgg?l éltlﬁ:gﬂdgé gﬁghgg{hta%% bOBebRL B 5 trid ﬂ*@gggé.HSQ%%é\@%anular

erioration 1n S Nm and ther nal

filHMéJ%g @R %{*tﬁﬁé} b¥ théasnd LY ert AnlwedeendOpbhetrated

Irregularity o grain arrangenent. 10 The

intll Eﬁ@uﬁﬁﬂéﬂllé(‘@érgu%iﬁrﬁlta’ie fearRireatborhe ERnpinsl 35if62 the
that shows nelther congruent reaction nor fractal

cryR@RaVifswt ik EXAMR Betbenti MR ERVHEE A I ERy et vas observed.
Magnetic recording nedia were fabricated by using the

pr og@aspl adesgra bed iameeanpl st Bibek teptcHahactidel ARt ion was

metal was replaced by Rh netal and by Re netal having
cargiikd @it 68 yafdh-planetTmeobsdrvat iowend processing thegrain
image data. The obtained average diameter was 5.7 mm and the
standard deviation was 1.5 nm. Visually the distribution of the
magnetic grains 27 of the TEM image was at random and clearly
different from the grain arrangement found for Example 3. In the
fast Fourier transformed image no clear peak due to periodicity
of the grain arrangement was found. The result showed that the
grain arrangement regularity is hardly found in the layer.

As a result of 0-20 scan using X-ray diffraction, no
diffraction peak other than the diffraction peaks by (00.2) plane
of CoPtCr-8i0, recording layer was observed. From the rocking curve
measurement of the peak, full half width Afs, of 6.2° was obtained.
The result showed that the grain crystallographic orientation

degree was almost the same level as the grain crystallographic

orientation degree for Example 3.
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constant to the Ru netal. Then the results simlar to

Exanple 3 were obtained. 20 Moreover, nagnetic

recordi ng media were fabricated by using the process

described in Exanple 3, ex@t that the Pd for the

under -1 ayer was replaced by Pt netal and by N Fe netal

all oy having face centered cubic structure. Then the

r esThe sratord mg tandxeeptreduging rehaaetisicetos of the

(EXAMPLE 5) (I NSERTI NG INTERNEDIATE_LA;E;%.Deposited
fabziibat ed ey peedd culArgIRIRGHLE FECeF NI Byt wag evaluated

at nosphere by using the same process _as described in
usiggdie sage condht omsthonr EhadxXaRRldack 29 ttf}'?er&ﬁBhEntS/Nm

at nosphere, and a 20 nmthick CoZrNb I%ye as gn . 1

wERe (RPHRY Rt Ina

again and 5 nmthick Co-Si Q2 | ayer re_forned a

anegPartharn byB s IAKATh RSy adiaer i cTI8-ORgRIT Jrgrease

vl Lo B BRI A R o R0 e
ini | . f . Th ddi ti | CoZr Nb
-0. 13} aB7ngeRugtn s oBBR BRI NG “addit i onal magnetic
ﬁggﬁég%@%%%@ﬁ%gtgohiﬁﬁ%ahpgnH%%@?@é%ﬁ%?ﬁ%&HE&&&&uf&ﬁility

ayer. renovi ng y etching using
A LWL ' ' ﬁmhé a8 t.
wasgﬁggﬁbg%gg&bs %%?9550 i?%?gﬁ?ﬁgﬁg anber %;ﬁireggﬁggemen

Thesfg{r%gﬁfgrigf ev@adf Gruel % lcdkeboBEnb i PR HSRINGAN &S0, that

sp rrng o target. Successively, a 10 nmthick

shoﬁg'h§3€ger tBhgriBHAtaeat-8Y8h W8 ELASEELUBERgvEOr.
u- 5nol %1 Q2composite target 15 and a CoPt Cr-Si 02

recording | ayer and carbon protective |ayer were
formed using the sane procedure described in Exanple
(ExAMPEEGQ)a per pendi cul ar magneti c recordi ng nmedi umvas

obtai ned after form ng
(INTERMEDIATE LAYER)

Magnetic recordingmediawere fabricatedbyusingtheprocess
described in Example 3, except that the Ru metal was replaced by
RhmetalandbyRemetalhavingsimilarcrystalstructureandlattice
constant to the Ru metal. Then the results similar to Example
3 were obtailned.

Moreover,magneticrecordingmediawerefabricatedbytwing
the process described in Example 3, except that the Pd for the
under-layer was replaced by Pt metal and by NiFe metal alloy having

facecenteredcubic structure. ThentheresultssimilartoExample

3 were obtained.

(EXAMPLE 5)
(INSERTING INTERMEDIATE LAYER)

Deposited substrates were put out and cooled at ambient
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‘was| dopes Whe

a lubricant |ayer by the dipping nmethod. Fromthe

cross sectional TEM observation for the 20

per pendi cul ar magnetic recording nediumit was found

that the structure was al iBist the sane as the

structure already schematically shown in Fig. 2. The

Pd grains 14 enbedded in anorphous SiC2 inter-grain
atmospberal byl Bisdgre ther Faticcrreees npd KesBdhadkdp Branple 3.

penetrated into the CoZrNo under-|ayer 13. The 25
Eachoppost rat ¢ PudoMasKe ook hPANFLTHN @ tgeRigre, and a 20

grains 27 were found to formsuccessively epjtaxi. Ili/
nm %mhcsarumy@ ASANNBICIFLAYRE DO ?%a%gjsalf %&3&‘ ayer
that the grain b d terial of.th [ [
g gf?:ﬁ‘ﬁﬁ‘ao%?ﬂ f‘siqém?pgéic?@?%@ Top'thgegrararard 2
ayer and t t [ [ '
aranaper” ShecrS, ok SHEE T e B Sy bl FROphe Cecom
enelel PR BB BB TG it gpcono
result for the in:pl T ' '
1aygrg€ce%fd}{°aw§ﬁ'%%§en%”f‘ee Pl g ¢ (PR RuRralle e
LU { - S .
sS4 TP TP oh UL ST Loy magnersc
spaE:I_gLﬁ Sﬁ@&?@éﬂ &F%\Qc%.tr'd‘?l.'?llgofna Net9kah B8 P Mo soft magnetic
regglarl y O ran

grain-a enment and the arrangenent

1ay@¥ L £ er %%&%ﬂfﬂﬁ% %% rH)zF AN ALsIRgdeHEes imilar method

eval uate -ray diffraction nethod was

des@h%ﬁeﬁaiﬂ gkampoeyr, the iletrdiROvafpALIeRfI0dutonthe chamber
characteristics including S/Nmand signal attenuation

and’ 2EeePBEC: Bl PESEed ersaie RS id)elapstvas fforradusliag bias
3 and were satisfactory. These results were conpared
sputicel ihgeofepdl targarri esucekssivelys & ohpamm somigk tkn-Si0;
conditions simlar to Conparative Exanples 3 and 4.
intkbrmeds afteund «f foc formetiars it Rashmyl BBUO acodpeel babarget
increasing thermal fluctuation durability to increase
andt €oPLCr-8i0, recording layer and carbon protective layer were
formed using the same procedure described in Example 1. Then a
perpendicularmagnetic recordingmediumwas obtained after forming
a lubricant layer by the dipping method.

From the cross sectional TEM observation for the
perpendicular magnetic recording medium it was found that the
structure was almost the same as the structure already
schematically shown in Fig. 2. The Pd grains 14 embedded in
amorphous 8i0, inter-grain material 15 were formed exceeding the
boundary and penetrated into the CoZrNb under-layer 13. The
composite grains composed of Pd, Ru and magnetic grains 27 were
found to form successively epitaxially grown columnar structure.

Furthermore, it was found that the grain boundary material of the

intermediate layer was formed on the $i0; material of the granular
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crystal |l ographic orientation degree by penetrating the
crystalline grains into the under-layer and regularize
the 20 crystalline grain arrangenent by using
COO- Si @2 conbination. The Bd grain growth was not
epitaxial to the under-|ayer because the CoZrNo
under -l ayer is anorphous simlar to the soft magnetic
laykayed tiel Dot ehrediabe nhapsial P hy BRangk 6MLRYSHK asetormed
cl ean surface, however, seened effective for inproving
on pBecgyainl boandphy cmateEhaht 9Hnthe Emmae@}ate layer.
Per pendi cul ar magnetic_recordi ng medi um

sanp
32 Thergcatedianeley v sddnduddid WP@n?"é%u&E?%r %%%’B image
in Exanple 3 excegt that a Ru internedi ate I3%§£ﬁgfat,the

e o by S

perpedgicyl Psﬁﬂa@%ﬁﬂy%recaé%n%&ﬁéﬁer?e%% t%eﬁ%‘?‘g $y cAlgest the
B L
diafig %tggé:h{eggt%pdgﬁ@flgﬁul 25 tE oI A0y ?Ilo'cf%ﬁﬁ et Preqularity
of BERinaprkRRbefiehtsdnl tRE affgﬁg%ﬁeﬁtmﬁ gpi-gined. 10

perpen IC rec I'ng” nedi a

wer g, %@giisakgthPeBgléﬁ€aﬁﬁgﬁ ﬁ@?ﬁéé'@@élé&ted using the

descF except t t he under-1I ayer

X~ rggzﬁ@?f§5c£98 9hatH &rwééy5isd“§é%léfﬂﬂtQﬁ3d b¥he recording

nnagnet T ¢ metal "and by nonmagnetic Pt. In this

andpgégroﬁgéghbs chhPabRbrigtiBe §AseulPhgERARNRl @nd vegRal
I ne y decreasing the thickness to 3 mm

attehsheadnofadd wurd anmbke Ehdrddme lagyehebesaubies thesBxample
under -1l ayers were nonmagnetic and behaved as a

3 aMROReleC sspasiragtbes .t he magnetic circuit between the
magneti ¢ head and the soft magnetic | ayer.

These results were compared with the results carried out
for comparison with conditions similar to Comparative Examples
3 and 4. It was found effective for decreasing media noise and
increasing thermal fluctuation durability to increase the
crystallographic orientation degree by penetrating the
cfystalline grains into the under-layer and regularize the
crystalline grain arrangement by using Co0-810, combination.

The Pd grain growth was not epitaxial to the under-layer
because the CoZrNb under-layer is amorphous similar to the soft
magnetic layer below the under-layer. The grain growth on the

clean surface, however, seemed effective for improving

crystallographic orientation.

(EXAMPLE 6)

Perpendicular magnetic recording medium samples were
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When the crystalline grains and the under- |ayer were
conposed 20 of the sane material of Pd, Pt or N Fe,
it was very difficult to determ ne whether the
crystalline grains of the ¢@glanul ar |ayer were
penetrated into the under-layer or not. Judging from
the results for other materials, the crystalline
fabgiaabed coning Hehe reape domdis isnseasadegcrabed; 8 Example 3
under -l ayer. 25 (EXAMPLE 7) 1) DI VIDI NG THE_Ru LAYER
except Uit saRy prsesssdaatackay bl 92 SAPPd e3WRgsTeplaced
applied up 33 to the_step of cooing in an anbie & {mil
by @ﬂ*ﬁbé@lﬁ@ﬁén%’dfhas%ﬁ)étaﬁfﬁere%%%h‘(%&c@ﬂcﬁFGSPﬁ § similar
chanber and fornmed a 5 nmthick Nd under-layer and a
to thapyespéks cler sPrppl§er  WaHA PREALERZ: substrate was
out again fromthe, chanber

t : he . anbi .
bt rbeprera ol oE MEURariG  Tororii0n PEA B KRfR fabricated
usiRGopR csane (FRALLHETE A GRCTIHEd in BRaBBIE! shedcbBe that
L0, Ru- Si Q
crygRat LipP i Srt iy, ) SREChH TR R TR S ed® Tl geed by P
metg? %ﬂcﬁ R Fgﬁjf%?%lllcﬁ‘,e%né regﬂ%iﬂ&g%% toRnef rasdit for

ernmedi ate layer 10 was carried out
kRg =5 L@ conposite target. On this
exaﬁgggr?agB%SP?ggggﬁggzrecording | ayer and car bon
pro huembayer safonied ygiisd 0 e HAriegedstiga were
desgﬁ?ge§ (i Eia%%%géS, and thé% a lubricant |ayer

fapP@satRAMBYiHg Bleas SO Teided asTiRiBcrdibed in Example 3
per pendi cul af magneti c recordi ng nedi um was

exc%%@rEﬁﬁh?@helﬁnﬁéQﬂl§9@§SCSEQNbOBa|tKENbﬂbﬂ&laatlayewaere
the fabricated perpendicular recording nmedium it was
replladed bjatormey Rt gt @dnsetaladtiiéy hannhgnambephous In this
Si @2 grain boundary material |ayer were extended and
caspeneesal e ¢ imildhedPthendase | ByeExanpdegh were obtained by
decreasing the thickness to 3 mm instead of 10 nm for the CoZrNb
layer because these under-layers were nonmagnetic and behaved as
a magnetic spacing for the magnetic circuit between the magnetic
head and the soft magnetic layer.
Whenthecrystallinegrainsandtheunder—layerwerecomposed
of the same material of Pd, Pt or NiFe, it was very difficult to
determine whether the crystalline grains of the granular layer
were penetrated into the under-layer or not. Judging from the

results for other materials, the crystalline grains could be

regarded as penetrated into the under-layer.

(EXAMPLE 7)
1) DIVIDING THE Ru LAYER (1)

The same process as described in Example 3 was applied up
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boundary between the granul ar |ayer and the
under-layer. 20 Furthernore, it was found that the
epitaxially grown conposite columar grains conposed
of the granular layer Ru grdin, internediate |ayer Ru
grain and magnetic grain conbination were fornmed in
the layers. Furthernore, the inter-grain material of

to the stepofedoatiod dpean arbigthednosefeiche Bpeh gybstrate

the granular 25 layer, and inter-grain naterial o h
i g ! kﬁi}gﬁéﬁé—fﬁyer

- was partpeadk darter th@gﬁé@nﬂa@r and pyMRE 9 Ayt tHAS

above the inter-grain material of th I nt di
and| ayBrmm B SoR-EnelSYoTi A BRSO RS U EF AR oS PUt

A B i~

441 eSO PR S 7t o
as GRALDT 18 Bratisgharhioot St e iR PRFEY s, chamber
292Gy SO AT SRR AT ot & BeorEeogPLreging and
by hifs, ROFEebiA L‘Sﬂ’%ﬁ@ st uigﬁqg@' SR iK% 2gkQEt. Then

recor repro characteristicCs

spu%%%%#ggﬂ%eééggigﬁﬁéﬁign lnml @ nabkeREAE 6N indl¥mdRIi@te layer

st the same as the results for

was ¢ %ﬁf’i@d 3JuttEREhg B e- R HISF it EORpeoNEetidFet. On this

ar to Conparative Exanples 3 and 4 were carried

lay@¥l - a IPRdNEs igSHbESrd ingasy@dend d£Aton palotidt ive layer
crystal |l ographi c orientation degree increase 15

werebkairned By €XiR§OENG prsbarnes alsordiddie iay ¥shabpllend, and
grains into the under-layer and the crystalline grain
thedl AaDgBAEAANL I EgEd B sz foamedsuagnghe digppBidMethod. Then
combi nation were effective for decreasing nedia noise
a peffenddredsirngaghetial récortiagi pedium was fabricated.
From cross sectional TEM observation of the fabricated
perpendicular recording medium, it was found that the Ru grains
imbedded in the amorphous SiO; grain boundary material layer were
extended and penetrated into the Pd under-layer through the
boundary between the granular layer and the under-layer.
Furthermore, it was found that the epitaxially grown composite
columnar grains composed of the granular layer Ru grain,
intermediate layer Ru grain and magnetic grain combination were
formed in the layers. Furthermore, the inter-grain material of
the intermediate layer was formed above the $i0; of the granular

layer, and inter-grain material of the perpendicular magnetic

recording layer was formed above the inter-grain material of the

intermediate layer.

Thegraindiameterdistributionwasevaluatedfromtheimage
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durability. Wen the upper Ru-Si 02 |ayer in Exanple 3

was replaced 20 by the layer fornmed by using the

conposite target, the crystallinity deterioration

ef fect caused by the proces® steps increase was

expected. It was found that the deterioration effect,

however, was sufficiently conpensated by the effects
prooesslisgniegubhdf shsoihrpdane THYE JRee Lt iqy dmages af the

DI VIDING THE Ru LAYER (2) The same process as _,
pergesditpdari BagrRekprerscaBdingplarar upt thetRedifRp of

cooi ng the substrate in an anbi ent atnosphere. Egch
Satsaﬁgf—*gam wasupte dHRgst mignilar Geakbher resHLES: fRY Example

nm t hick 35 Nd Ia%‘gr, a

5 . thick Ru | .
3 VERRERIAET FOF The AeFAIcRLeRaber, Y ShaBoRE Apgiation
CoO S Q2 | th J | .. Th th
of ThBSTFAIR MHENPHEE oUtCHLLAT 1Y Gif R ihAREarIFRepkeand the
anmbi ent _ at nosphere. After carrying out the Coo
arr@P@ﬁWﬁBtu§VW8€£ﬁ¥'sane 5 etching step as described in
S)égl &Sg%gjléggﬁg@?gtzgfign%ﬁigﬂt déﬁ%%ea%{gg%ﬁgmeﬁsing the

ayer was for reverse

X—r?xﬁgé%f%a[@tf n Rb@o?%& ?E%B%agdéi C%%t‘%rﬂél %ght@&eré@ording

ar get. ayer, recordi ng

' 1 Gar ;L - esh by i
o, DU EAGLRERECLLIRe Lpsepotags ity ona)

attbﬂﬁﬁt%oh%ﬂé@@kelg%&f, HAS W RSt Rt SndlaBRinWresults
net hod. T

en a perpendi cul ar nmagnetic recording
foredhnpnwas fabricated. The Ru grains in the granular
| ayer "and the Ru under-1layer were conposed of the sane

el egRpbrifentkladias iy tiebbnliotiele s ielidar thabmpheative
Ru grains in the granular |ayer were extended and 15
Exapplekr at£6d inwericheaupded-dayer Frommthecressls®cit oral made
TEM observation of the fabricated perpendicul ar
cleaec @hditngheedirystaill ographdceasikeptbt ipnedegeee increase
however, that the Ru grains in the granular layer
obtadneddxy exdendingtded pedetrbijog thearyksalédnetgrans into
t he
the under-layer and the crystalline grain arrangement
regularization using the Co0-81i0, combination were effective for
decreasing media noise and increasing thermal fluctuation
durability. When the upper Ru-$i0; layer in Example 3 was replaced
bythelayerformedbyusingthecompositetarget,thecrystallinity
deterioration effect caused by the process steps increase was
expected. It was found that the deterioration effect, however, -
was sufficiently compensated by the effects of cleaning and
smoothing of the Ru-5i0O; layer.
2) DIVIDING THE Ru LAYER (2)
The same process as described in Example 3 was applied up

to the step of cooing the substrate in an ambient atmosphere. Each

substrate was put back into the chamber and formed a 5 nm thick
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case for other grains with different material s.
Furthernore, it 20 was found that the magnetic grains
2 7 in the recording |layer were epitaxially grown on
the Ru grains and had conpd®ite col ummar grain
structure, and the inter-grain material |ayer was
formed on the granular SiOQ2 |ayer. The grain dianeter
Nd kH¥eri Bubingh thaskekalaxexdas dhiindege laysr pkee &g gganular
result for the in-plane TEM observation i es_at the
laygisy peitRcuNB Cigfn EPPC S8 dAUPRAT APer IBANYHRE dddfym Then
Al nost the sane satisfactor

R A A b
atmgERhETS 1 AHEE RS B 1 S tr ify SO E g, Py ifly the same
ercfitSidten Y drrce el Tnakatp fed ofud Unttept e fod ut into
the; (EPRRFRGAE e SR & Bar B2 st Sl odies Agrer Faverse
spuf S ap g YaR MdlRET iR TP 48188 o1 iy B5 chER Earget -

on EFRYSP<F L ERLPuL P EOmBRkom I Macgni pracective

1ayeeSPets ¢driiad b&a\‘;&iﬁé e PhabcliecT@sEY$had | GO EXRRpLe 3,

orientation degfee i ntreasé due to the extending an

andPEAREh A1y T NS WhBeraffédsud iM® tHedipping method.
under-layer and thé crystalline grain arrangenent

ThehCgUbafpEalienl drendgnédtic KXII:% iRy erdiivintagnfabrtcated.
ef fective for decreasing nedia noise and increasing

t hernal R |gieditad HantHerahidilar 1hyevhandttiee Rowender-layer

RU-Si 02 | ayer in Exanple 3 was replaced by the Ru
werleayenpbaudngf nhegsaime elemert n [Soyndarwas, diaffimest to make

one additional step was required and the grain
clediratrebertite Ku glratinenin ditee ghrenydairnlayesrene fxtended and

regularity deterioration effect due to
penetrated into the under-layer from a cross sectional TEM
observation of the fabricated perpendicular recordingmedium. It
couldeasilybepresumed, however, that theRugrains inthegranular
layer were extended to the under-layer from the results of the
case for other grains with different materials. Furthermore, it
was found that the magnetic grains 27 in the recording layer were
epitaxially grown onthe Ru grains and had composite columnar grain
structure, and the inter-grain material layer was formed on the
granular SiO, layer.

The grain diameter distribution was evaluated from image

processing result for the in-plane TEM observation images at the
perpendicular magnetic recording layer of the medium. Almost the

same satisfactoryresults as Example 3 wereobtained for the average

diameter, the standard deviationof the graindiameter, reqularity
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the process steps increase were anticipated. It was
found, however, 20 that the deterioration effect was
conpensated to a certain extent by the increasing
effect of the grain crystald6inity increase. 3)
ADDI TI ONAL RESULT Per pendi cul ar magnetic recording
medi a were fabricated b t he nmet hods of Exanple 7,
of gxaépt arhangemenRuandt bhewasrabgfaedl SYBOSLIRh net al
and by Re nmetal having simlar crystal structure and
Iat@rz%t@bh@ﬁﬁﬂPhlqh%ﬁlg%P?§¥%%t%??r?%s%V§%u%?%$I%ﬁlQ% the
the  Exanple 7 were obtained. 37_% MPLE 8 FFECT .
A-rep S P SRR T R RECBFHiThe i Becording
were fabricated b t he met hods of .Exanpl.e 6 xcept
and; KSPTRASFAPCCBAZFRECRLF bYCF ayBr Lud Thde S/ 4pd FEghal

attRpaEIBBLISES HorE bR A aeS ey aplf hBFe Aiibdt'Ehe sane
r ti ly.. |t f dth h

as Fﬁ%ggﬁﬁ?igﬁﬁEPgagéggg%gog2 ngtgtlé eef?e??doﬁttL:yer
cr i . : :
N T e

for?%é@é?EEHSBEﬁftchJ§H£€§bﬂ§ g by ebmasatiBk! Examples

ore, 'S recordi ng nmedium system was suitable

3 ah@l 4i.”Y1?f<h&ég§9é”ﬂeéﬂ%@fiﬁ%agfmé@@%%]peﬁﬂ@@mhé he

r
nagneti c and t soft magnetic | ayer. The

cry%@g.ﬁ.ﬁb. ¢ahBS 8 S 1ih 13t JTERE§HHE I iRd: HfaRedlé €5 tHe éR€ending
abricated nedia were eval uated by the nethod

andd%é}éiéﬁbgﬂihg ey tald ie GeReaEaLhYo heitidelre layer and
( , an index showing the degree of witing to the
thel ©¢9EEN indY girafauarichhyenbnpr eegalakyzaetonddde to the

signal remmining after overwiting), the recording
Co0-840l, UtbmininaPINED , warre igffctsivanifiiy stemmeasdisngofiedia noise

magnetic transition | ayer between bits neasurenents
andwine reasingd thetrmad fhustergiphedurability.

When the lower Ru-Si0, layer in Example 3 was replaced by
the Ru layer having no grain or grain boundaries, at least one
additional step was required and the grain diameter distribution
and the grain arrangement regularity deterioration effect due to
the process steps increasewereanticipated. Itwas found, however,
that the deterioration effect was compensated to a certain extent
by the increasing effect of the grain crystallinity increase.
3) ADDITIONAL RESULT

Perpendicular magnetic recording media were fabricated by
the methods of Example 7, except that the Ru metal was replaced
by Rh metal and by Re metal having similar érystal structure and

lattice constant. Then satisfactory results similar to the

Example 7 were obtained.
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20 was found that the OWNval ue degraded from42. 1 dB
to 36. 5and 3 2. 7 dB, and the dPWO0 val ue degraded
from7.2 ns to 8.0 and 8.4 ns as the thickness
increased from5 nmto 10 &¥d 15 nm These results are
expected fromthe expandi ng effect of the
head-recording fields caused by the increase of

(EXAMBhﬁgﬁétic | ayer 25 thickness, nanely the increase
of spacing between the magnetic recordi ng head and the

(EFEBET AEgABACENGayer. Wien the Pd and Pt thickness was
10 nmor nore, the recording and reproduci

e pice e e pr ey
theﬂf@g%%@fﬁﬁ?‘g? n?n 7 giéceﬁﬁ j % E‘@B&Eulﬁ %%ﬁg&oyzbayer
was PR oned  RE A e T EBoRgr oY A RghErRd - &nd
enSPRSIGRD, FA RANLEREd 58 L, SBBpbeuBy .

‘n\rast ar}g‘*glg%{: &%eﬁ?odagﬁ gt lgggereéﬁf& é)és Epgréggg FHRP otable

I'ng and repr ucl ng arac eristi S can

o SS3FER:ETBEAL EF0AE AL AT OISR e
suc'haxg cbérd d Can h@hépéff@etlén kd B cFuBRRULRATe Of
of the granular Tayer (including the under-|ayer)

el ﬁé&gﬂ%ﬁ? 51[ dGab N BT 3herledvee,t th ek tesordifimedium

yer of the granul ar Iayer IS magneti c,

sysktBR iASH N8abBe iERE 1 fAdBTRJALIY thoefgeatdfdpadie between
(wi thout including the under-layer) thickness and the

thel RagheRdcaheadaned theckbessmayheblithougbrthe prevent
i nvention has been shown and described wth respect

to bast magdeteabpdtordisg tdred adproducsihoyipddperties of the

understood by those skilled in art that the foregoing
fabaridated media atirerewciarmges] by ttheemébhod degcddbed in Example

wi thout departing fromthe spirit and scope of the
3. pEspeonialhyenovenwrite (OW), an index showing the degree of
writing to the recording layer (quantity of previously recorded
signal remaining after overwriting), the recording resolution
dPWs,, an index showing sharpness of magnetic transition layer
between bits measurements were carried out in this example. It
was found that the OW value degraded from 42.1 dB to 36.5 and 32.7
dB, and the dPWs, value degraded from 7.2 ns to 8.0 and 8.4 ns
as the thickness increased from 5 nm to 10 and 15 nm.

These results are expected from the expanding effect of the
head-recording fields caused by the increase of nonmagnetic layer
thickness, namely the increase of spacing between the magnetic
recording head and the soft magnetic layer. When the Pd and Pt

thickness was 10 nm or more, the recording and reproducing

characteristics were not sufficient compared with the case when
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20 39_ WHAT IS CLAIMED IS: 1. A granular film

conpri si ng: substrate; netal under-layer on the

substrate; and a granular |ayer on the netal

under -1l ayer, wherein the d¥anul ar | ayer conprises

nmetal grains partially penetrating the volune into

the nmetal under-layer and inter-grain material
thesepbeknesg s met alWhamithe BOmy B khlaknpagsyagenm, the

selected fromthe groug consi sting of oxide, nitri dg .
magaﬁg}@aﬁmwg was 3bqiy AR c ulCACAREFRT LY S0G FFppPducing

medi um, conpri si ng: substrate; _soft magnetic lLa
chaBACtRE1SGREEr HEES GPKRLAPY WAGBY thayEFCORTtRG Beq{un had

magnetic layer; a_granular .layer on the netal
magll}ﬁgéF- PQ?S? JaRd 38p8’|“p5ﬁaﬂfu?§riﬁﬁ§neti ¢ recording

ayer on the nyl.ar LLmlayer, wherej

or ot e Sar LB R R R B S5 S Pr it By a parameter

penetrating,the volune iato t - a ]ﬂ%
for; ﬁggpgépgi henﬁ?@?%ﬁ?'sepa&r\ a‘%?ﬁ%&h@f n%*?%;ag%ércgﬁl/ﬁ the
recgiiiharand prediund e PR FEL B g B By Fepidtaed atmost

0 o di _ . o . .
B R G R

y ONBr. i i3 | yer [ i

e e ey oo e

 the' SaRhAL N EHIWE geaanThR014Pet| @idBIAidInd the under-layer)

thickness and the intermediate layer thickness. When the
under-layer of the granular layer is magnetic, the spacing is the
summationof thegranularlayer (without includingtheunder-layer)
thickness and the intermediate layer thickness.

Although the prevent invention has been shown and described ‘
with respect to best mode embodiments thereof, it should be
understood by those skilled in art that the foregoing and various
other changes in the form and detail without departing from the

spirit and scope of the present invention.




40 wherein the perpendi cul ar magnetic recording | ayer
conprises granular structure of magnetic grains
regularly arranged in the perpendicular magnetic
recordi ng |ayer plane and nonmagnetic inter- grain
materi al separating each ofsgt he magnetic grains. 5. A
per pendi cul ar magnetic recordi ng nmedium according to
any one of cltaims 2, 3 or 4, wherein the netal grains
WHADfIS heAgeiulidr: | ayer have a crystal structure '

selected fromthe group consisting of hexagonal cl osed
packed structure and face centered cubic structure,
and the nonmagnetic inter-grain material of the
gr ahul & dzayerlars fgdinde comprésing: whi ch has anor phous
structure. 6. A perpendicul ar magnetic recordi ng
ned?dﬁ*é@é@ﬁ@vng to any one of claims 2 to 5, wherein
the netal_ grains of the granul ar | ayer contain as a

i nEHiearl 4¥%&t°%n%h%e$%%$EHaF?on1the group
consi stin of Ru, Rh, Re, Pd, Pt and N .

Fﬁﬁﬁ I%%“lﬁﬁgﬁéﬁﬁf PQCEP@lW@tﬁ%dP%ﬁ?ﬁc%%¥%¥ngWhQQ?ln

erein the non net i

the BR¥RETG dirar PP 2156 TG P M Posb o1 Ly dreiet rat ing
ene FEASRE TR SObBPLAT FRRENT o BRSO
, d
sepé?at&% {g%Fgﬁ E?QHHchgébgis egpengln%g Ioﬁ%g {%cted
£rom’ ‘Eﬁé’f&fd% B gy&ﬁ?f%&ﬁl Bac t%ﬂwld%nsnafcgﬁc{és 2 1o

wherern t met er- ayer contarns as a main

C0@poneﬂtpéypehagéﬁlé¥“h%§§e% Eegeééfayhbhﬁeggﬁﬁ”)comprlslng

consi sting of
pegpendsephad; magnetic recordi ng nmedi um accordi ng

a soft magnetic layer on the substrate; a metal
under-layer on the soft magnetic layer; a granular
_layer on the metal under-layer; and

| a perpendicular magnetic recording layer on the granular

film layer,

wherein the granular layef comprises metal grains partially
penetrating the volume into the metal under-layer and inter-grain
material separating the metal grains comprising at least one
éelected from the group consisting of oxide, nitride and carbide.

3. A perpendicular magnetic recording medium according
to claim 2,

wherein the perpendicular magnetic recording layer
. comprises magnetic grains having average grain diameter d of
d<6nm.

4. A pérpendicular magnetic recording medium ‘according

to claim 2 or 3,




41 to any one of clains 2 to 8, wherein the
per pendi cul ar magnetic recordi ng nmedium further
conprises an internedi ate | ayer di sposed between the
granul ar | ayer and the perpendi cul ar magnetic
recording layer. 10. A peﬁ%@ndicular nagnetic
ecor?;n nmedi um a cord n% 0 cl ai %5 rein
§ "o

Wheﬁé erned.&ﬁ?%%%h&- ggnpgg as ACHar 3ﬁ§n?°%ﬁrlses
grankﬁgf't d&%%tﬁ%%egg%gaéneg lglr ogg ?Plgsﬁag:%%ng?% in tlhe
e A S SO F 0 At SRR o

gral%e%b%@&h§ln9@ﬁggﬁﬁﬁh apdnthe éQ$a§ i d § S ttn1
gr % ? % % unde

i ncludi ng the granul e net

ang the Rt ARMdS d Wrdddiley n‘édlum

perpendlcular magneti ¢ recordi ng medi um™ according to

accoiif menecotingl 8h8508, c1finey 211.3 wheuei n the netal
under-layer is magnetic and the total thickness of

t hehgreamukhe dddah ghgindsheri thegradivde laggerhades at cfystal
20 nm 13. A perpendicul ar magnetic recordi ng nedi um
struatuoe dsgipdtedayonnehef gl Bn2ik0idd, omengigonbieclosed
per pendi cul ar magnetic recording |ayer conprises Co
packasl atmachucenpodeftceandntaréieculbbopstsestPre, amad Othe
42 14. A perpendi cul ar magnetic recordi ng and
nonmagnetic inter-grain material of the granular layer is oxide
material which has amorphous structure.
6. A perpendicular magnetic recording medium according
to any one of claims 2 to 5,
wherein the metal grains of the granular layer contain as a
main component at least one selected from the group consisting
of Ru, Rh, Re, Pd, Pt and Ni.
7. A perpendicular magnetic recording medium according
to any one of claims 2 to 6,
wherein the nonmagnetic inter-grain material of the granular 20
layer is oxide material which contains as a main component at least
one selected from the group consisting of silicon oxide, titanium
oxide, aluminum oxide, zinc oxide and tantalum oxide.
8. A perpendicular magnetic recording medium according
to any one of claims 2 to 7,
wherein the metal under-layer contains as a main
component at least one selected from the group consisting of

Pd, Pt, Fe, Co and Ni.

9. A perpendicular magnetic recording medium according




reproduci ng apparatus, conprising: a perpendicul ar
magneti c recordi ng nmedium conprising a substrate, a
soft magnetic layer on the substrate, a netal
under -1l ayer on the soft magnetic |ayer, a granul ar
| ayer on the netal under-|ayer, and a perpendi cul ar
magnetic recording |layer on the granular filmlayer,
wherein the granular |ayegjconprises netal grains
partially penetrating the volume into the netal
under-layer and inter-grain material separating the
to amgt ahegpdi naifisthetd ,er-grain materi al conprising at
| east one selected fromthe group consisting of oxide
matwbeirain nihei deperpdrefiicallaandmegnédt e ned¢@riddhy aedium
driving nmechani smdriving the perpendi cular magnetic
furthesordimpyiredi v inteeveddaty adndler eplisgusédigbhbeskn the
nechanisn1recording informati on to the perpendicul ar
granghghetiaysrecendi nghredpahpreaddcrdprodugpngtihe recording
information fromthe perpendicul ar magnetic recordi ng
lay&fedi um a head driving nechani smdriving the recording

and repraoduci ng head;, and a recordi ng and reproduci ng
si gndl- plodssHsigisydpenfragnetassFRgored BedMAE L wid

reproduci ng signals. 15. A perpendi cul ar magnetic
acc é@ﬁﬁbﬁﬁbcgﬁ&m Pepr oduci ng appar atus according to

oL Shikaty, "Dt ! hullinghgser g and Leprogucl 19 head,,
compggggt at least one selected from the group consisting of Ru,
Rh and Re. |
11. A perpendicular magnetic recording medium
according to claim 9 or 10,
wherein the metal under-layer of the perpendicular
magnetic recording medium is nonmagnetic and the total tin
thickness tin including the granular film, the metal under-
layer and the intermediate layer is ty,<20.
12, A perpendicular magnetic recording medium
according to any one of claims 9, 10 or 11,
wherein the metal under-layer is magnetic and the
total thickness of the granular film and the intermediate layer
18 tiw £ 20 nm. |
13. A perpendicular magnetic recording medium
according to any one of claims 2 to 12,
wherein the perpendicular magnetic recording layer
comprises Co as a main component, and further comprises Pt

and O.
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14. A perpendicular magnetic recording and
reproducing apparatus, comprising:

a perpendicular magnetic recording medium comprising
a substrate, a soft magnetic layer on the substrate, a
metal under-layer on the soft magnetic layer, a granulér
layer on the metal under-layer, and a perpendicular magnetic
recording layer on the granular film layer, wherein the
granular layer comprises metal grains partially penetrating
the volume into the metal under-layer and inter—-grain
material separating the metal grains, ( the inter-grain material
) comprising at least one selected from the group consisting
of oxide material, nitride material and carbide material;

a driving mechanism driving the perpendicular
- magnetic recording medium;

a recording and reproducing head mechanism recording
information to the perpendiculaf magnetic recording medium
and reproducing the information from the perpendicular
magnetic recording medium;

a head driving mechanism driving the recording
and reproducing head; and

a recording and reproducing signal processing system
processing recording and reproducing signals.

| 15. A perpendicular magnetic recording and
;eproducing apparatus according to claim 14,
wherein the recording and reproducing head mechanism

comprises a single pole. type recording head.




