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1 MAGNETI C RECORDI NG MEDI UM METHOD FOR MANUFACTURI NG
RECORDI NG MEDI UM AND MAGNETI C RECORDI NG APPARATUS
CROSS- REFERENCE TO RELATED APPLI CATIONS 5 Thi s
application is based upon gnd clains the benefit of
priority fromthe prior Japanese Patent Application
No. 2004-090669, filed on March 25, 2004; the entire

MAG @HﬁgtdﬁpyﬁﬁcﬂE i QEOIRIEe RACTURING RECORDINGNMWMMHHHM

reference. 10 BACKGROUND OF THE I NVENTION 1. FIELD OF
THE | NVEhHTH £ TAeD puzesNET I IRECORIDING ARRMATUS
magneti c recordi ng nedia, nethods for manufacturing
recordi ng medi a and nagnetic recording 'apparatus, in
particular, to magnetic recordi ng nedi a having high 15
CRO$ SEREFERENCE NEO t RELNEE ARPEATEINS act uring t he
recording nmedia and magnetic recordin% apparat%§ SQEHE £
as Mais apskichties s bagiesh upeRe2RAgRIALHS t)e benelit ©
recordi ng nedia are equi pped. 2. DESCRI PTION OF, T
pr i REL AT EDOMEheer 1ol daprRRSAPAHERT ABBLIF A bl 2068090669,
expanding their application  scope fromthe_fi.rst
filednput BRreh| 35ed2§§15r i Bag | BREHEe 2O RbER D R ICh are

appl i cations, such as hone video recorder and car

'incegppyahgd Ravedat PBnrey Y eRFAppl i cati ons as magneti c

recordi ng systens for recording and reproducing
i nformati on. The expansion is due to 25 their

advant age_such ' ata access speed and high data
BACKERPUNR OFeFFEb?ﬁV€§@FRQaddition to their high

di | f ith | t.
1. BERLP: bRorfl VLB Lol ne T arger | rocor di ng
ity h ; - . . _
SSEB Ry RNIEECARE a8 b Bispesaenan h phaaia

met %ﬁgefofﬂl%%‘ﬁﬂf’al‘:t‘iﬁ‘i‘ﬂgdf@&f& Rl HA8 nkepietadyascedding

ncreasing recording density of the magnetic
app: i ng, pediadculith idrReastRe Fanordimgmadnsiitayiafg high
appﬁﬁé%kgénet'c recording 5 %edia of HDDs, the recording
reddiri iflZ&€en sy | hRtdoaset 8f manifddttiring the recording media
and magnetic recording apparatus such as hard disk drives in which

the high-density recording media are equipped.

é . DESCRIPTION OF THE RELATED ART

Hard disk drives (HDDs) havebeenexpanding theirapplication
scope from the first computer related application to various other
applications, such as home video recorder and car carrying
navigation system applications as magnetic recording systems for
recording and reproducing information. The expansion is due to
their advantage such as high data access speed and high data storage
reliability in addition to their high recording capacity
performance with low cost. Requirements for HDDs having larger

recording capacity have been increased with the expansion of the
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magneti zati on reversal units becane very small. As the

result, thermally decreasing phenonena of recorded

signal magnetization and the recording and

reproduci ng performance by shermal fluctuation effect

caused by the very smal| magnetization reversal 10

units becane notable. Furthernore, noise signals which
HDD2APPRAcallicROHBEREY ISpIONEndetyetie neaprdtenpiilig,s large

became large as a result of decreasing recording bit
caph@ilyVeeyosfahly sezRnoasdyt hasnbeer abieencedtbyginereasing

| arge i nfluences upon the signal to noise ratio.
rechir@intodensityobdethtomaghatncf nechedihggnedésgor di ng

density, it 15 is required to stabilize thernma

st aliithtinafedding recodéing dgnsli tyneg tbeinagriesniarespeding

hand and to attain | ow noise characteristics at hi
mediacof HDDE daisi recardihg bibh&izesmandrbhe«tianalers %Or the

magneti ¢ recordi ng medi um noi se, size of_magnetic
magneydraliionergraraal conkts RECAE VEEYr Ei“ﬁblr ayﬁﬁ the gesult,

been made 20 snaller up to now For

thegmpdilyl depseas ahe Phsmanang okgkpedrded aﬁ/’g‘aﬁf mﬁﬂgﬁgﬂzzatl‘m
used magnetic recordi ng nedia were _ nmade s

anda gden § eSRFALngna a6t rspr?gusnlns pﬁsffermeecs”ﬁxnsﬁémal
Pat ent, Lai d- open

£ Lur el L Pt Sanaas b Aot Overgﬁ&lw mashirariopreversal
unﬁt%n,%g gﬁtg:r go?@%r ﬁgﬁ ”eat' g{oﬁo& i ag‘lltogﬁ%ich appear
v ST S B PP R R oo
ot yRkeRg onoaeeSSriRn s B, Yerd ?#33%2{ T giﬁ&ﬁf foise

bec%'?n%l {:Sg%Jf‘}é] a fgrgé%brﬂilﬁf é'éjﬁPHhegh en(‘?:gl%tdlctb%tﬁ[se ratio.

ONnmag! grarn ‘boundary materi al ose nagnetlc

I
A et Leekgs rinep g Essaing cenicy, i

is 2@@&15?@82@3 stabihese tRiAeds s thBUR Y ey, o £ @aheotecordedls ignal
crystalline grains of the nagnetic-layer and the

ma It aYor® haddkaek tot £t tden N6l ealsohpracessdstics
or the crystalline grains of the wunder-layer and the
at FEEHdedRaididihdiayeat Thes @ uheirhddsid.

To decreasemagnetic recording mediumnoise, size of magnetic
crystalline grains constructing recording-layer have been made
smaller up to now. For example, magnetic crystalline grains of
Co-Cr magnetic-layer of widely used magnetic recording media were
made small by adding small amount of Ta or B (refer to Japanese
Patent Laid-openApplications Nos.HEI 11-154321and2003-338029),
and by precipitating nonmagnetic Cr by heat treat ing at appropriate
temperature (refer to Japanese Patent Laid-open Applications Nos.
HET 3-235218, and HET 6-259764). Recently, amethod for obtaining

magnetic recording layer having so called granular structure

obtained by adding oxides such as Si0Ox to the magnetic layer was
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control an average nagnetic crystalline grain dianeter

and grain 10 boundary regions nerely by choosing

conbi nation of raw materials, the raw materi al

conposi tion, or by choosing of depositing conditions.

When the crystalline grain dianeters in the

under-layer are tried to nake smaller, the crystalline
app i@ i t)in B8R drarshialr tiestareamaipgide dayehe ngralagnetic

in the under-1ayer 15 are degraded, and the degraded

gra £ psuabhkg@aedlialyernfl dsenagmetere taystagl Anagrgiines refer

i nfl uence upon the formation of magnetic «crystalline
to JRintse Aateatinaid-omen hopidcabionsiBosmdifdt 18-P4§ef . and
prepared using this procedure showed distributions of
200Dbc®eg2gyai n size and grain 20 boundary wi dth.

Magneti c recordi ng nedi a decreasing the average grain.
si zEhed e tihet nedmethawevsmist #3nnRE Gtk Fhe rﬁﬁig'ﬂrﬁﬂ/%g‘dme

poor thermal fluctuation durability. V$r¥ snal | graiqback
graiihanef erhe gorgrstain-dlanest amce the BREPKa!MY PhcPYa?T bR

.\Was .
L€ Saraing qf, the

were included at large fraction. Then
to thef hagleatdont PEPFEF SRS hEPT hilh %%%’fﬂjr

using this nethod. SUVWARY |In order to attai '
undescbarPhgane nEh?ymégn%th‘égﬁ%‘E‘?’ééﬁng e£%¥%¥ hg fr%lgg%%eﬁhtc’ds

is required to obtain, recorded . mgnet.Lzati ;
conkrahidh Gy LG ICHRRIRFTHF L?&Ylf’g:ﬁq&ﬁ ngrégga J?J}a'fent?ro?vnd grain

noi se at high recording densit : f I i ]
bouRAgRE  SEDIMAEEGEnd! ooE TRy oS Iat 1 0Pl M A 1213,

problens. One of the.ptohle Vv i iti
theaF?ﬂiﬂgESﬁFﬁgi§8m89sae%ggésgggbgvgﬁg§%§§%aﬁgt%?p%?ltlng

t.he.magneti.c cr ' ' P | ARanstd ool awes .
congly 18P%ér *%?%b?@%n%#%%%%ﬁ@egg#%é gﬁat tain thermal

stabi Lity kNl St @l Beyetalnigezquality
und&F§?P&§%i?g§ g$£?%g&ﬂggﬂ§??%kg?§¥falPine grainslnotqua :
and ﬁf#gg%\ﬂgﬁ)ff&ﬁ%‘@icgn HRYree 82Sthy grdinenaedhelOnbyr-layer

thefmal fluctuation. As a result of |ong exploring

areMtlrheOPhalinicAg acgehdbhioBrybeallienpr ghbeity dlethe
inventors of the preséent invention have got

under-layer grains gives influence upon the formation of magnetic

crystalline grains.

Actually it was found that the magnetic-layer prepared using
this procedure showed distributions of broad grain sizé and grain
boundary width. Magnetic recording media decreasing the average
grain size of the magnetic crystalline grains to 5 nm showed poor
thermal fluctuation durability. Very small grain diameter
components unstable to thermal fluctuation were included at large
fraction. Then it was difficult to attain further high recording

density using this method.

SUMMARY

In order to attain high recording density of a magnetic
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a remarkable finding. The finding is that the size of

magnetic crystalline grains of the nmagnetic-I|ayer can

be made small with 15 very sharp grain size

di stribution when the underglayer is a Cu netal film

acconpanied with thin deposited | ayer of nitrogen

atons. After carrying out a further investigation, ]
recdPRinNHLAL ARG LOEkdrediting theolpral epsoddedmagnegtization

above  and conpleted the present invention. 20 The )
staBRONE§ it taeendingluetiatiad sndetpraseminilovenpien at high

conprises substrate, an under-layer fornmed on the )
recSHBShG dedrs iay .maghehifor ebbadnngyglby@renrecpgding density,

under -1l ayer, and a protective-layer fornmed on the
it imgretiiredetor sohge e protlensyndene|ef dheprpplens go be

grain dianmeter control under-|layer 25 conprising, Cu
soleeysimltd actgriai hewamelise dupSsiored sidge AVEFafPfy ‘gb@‘&%ter of

atonms forned on the grain djanmeter control th
themapretiiayerys Thbl et 558 106r 1 LRI gy gr- The other

recordi ng nedi um of the resent inventiaq

{ pr .COMrises a. .
probiendss Heopol e iy T gEaRAD JFRFER S abirtg) by Stathing
under -l ayer conprising, Cu ¢crystalljne grai 0 .
smagybsryatallinepgbeilsS1e7 %b¥ﬁ¥ﬁﬁug;ﬂ%p%€i€@% %éé%ﬁt%
nitrogen atqns deppsifji itro on .t he I Ns
crvaransier seanmraio e i o hRrilsthns e Siintiuenced

for form_ng a magnetic recording-layer on the

by §DS§PP&t§18°F39Fganthe ni trogen-| ayer deposited on a
grain dianeter nt r ol - | Htuti
TaahBid & PBLGr ol g e RF ERg O Fab TS o f0Bucion

to %g?%%eg%s?,r%é%nja%QgH{&fg%f he F‘“ﬁﬁ@&éﬁ@ iR didid have got

ove, ‘a recordihg nmedi umdriving

a rggggﬁgkig]f%%dgﬁéygggm§Eﬁnﬁ&ﬂ@eiéctﬁSEQEKETﬁlz@ﬁdEuﬂhgﬁetic

cordarng a re cing head nmechani sm recording

cryjs[yaqug%ei ﬁ?a : Bs LOe YTRIRBHhethecabgetdcalitst wadenenall with
reproducing fromthe magnetic recordi ng medium a head

ve]:SJr lsl’xbgg {;’P&f]ﬁ‘@fé’@ Ardedingtiileg weear dhagqumiel-layer is a Cu
eproduci'ng head and a recording and reproducing :
metSi1F eI m RES6RESH1Ed M ThaiAidepessted Laybrieni diogen atoms.

st gnal s and reproduci ng signals.
After carrying out a further investigation, the inventors could
gsolve the problems described above and completed the present
invention.

The magnetic recording medium of the present invention
comprises substrate, an under-layer formed on the substrate, a
magnetic recording—layer on the under-layer, and a
protective-layer formed on the magnetic recording-layer. The
under-layer comprises a grain diameter control under-layer
comprising Cucrystalline grains and a deposited layer of nitrogen
atoms formed on the grain diameter control under-layer.

The method for producing magnetic recording medium of the

present invention comprises a process for forming a grain diameter
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In the present invention, grain size of the

under-layer crystalline Cu need not be small. So the
probl em of prior art nethods encountered for
obtaining small magnetic grains using small grain

si ze under -l ayers can be avoi ded, and as the result,
recordi ng 20 nedi a having increased recordi ng and
cont @81 Qedeirng agkaiantparisSingsu ceast Skl bk giraéds accosahsigrate,
to the present invention. The Gain dianmeter control
a proReess Gy 6 ra ONP hidkipy iBedl ypenbE inié rggenms-ayfs depesiting
present invention can contain other elenents in a
nitkagea on thdigrainhdiadetatragenofol hndsredayer Aushnaren and
is effective. 25 The detail ed nechani sm of obtaining
a psoedds goai foshims anyaguet hg necorddag-dayesi erdhe substrate
metal filmunder-layer is not clear at present. Here,
haviiwg bheerstueden-pkayen depesddeshanwk |9 iy d1agetgrcreptrol
conpari son between the present invention and the
undpzpdryer6 | n one of the papers appeared in Surface
sci ence Vol . 523 p 189-198 (2003% an al ternatel .
ar r SHybhesNPrgecether YREUFELCCHRPS @HnﬂfaP§g¥%ﬂ§°%%9fﬂ%

nitrogen absorption . and regi ons havin no_absor pt.i .
aPPRS BHGTT Gt DTRECHT LASEBH LA OBRIre B IR oL Ee8rding
after..c

bul k si ng | Cu surf ol eani |
el chentsbedLHE by HoHEARSD' hB0aShEAE I nepapion
dr &%%%éggéjﬁggﬁggéé 0 ??.:%t(: G2l It’lechJJhuenggglr%%%rdE%%' g}ﬁ?{:hggoduc ing

anati on °f or

_heaglir ﬁg{:gg{ﬁ%@? 2 ee([{?e){]cﬁjr(l)i & ﬂagi%eEOaEﬁéFErlg% e% recording

rtace 15 given. or der ed
rrangenent. | | ] A & PBedium, a head
medﬁluf"u%gg rSHRG éﬁ%cgmginfg?lﬁgcskgé{“%? Ielég!é{: i %1 ap pleagir1 ed on'a o

drjtqr%gl%égﬁ;ﬁfgm Pfdrﬁh‘ﬁ%@ rSloFa8 nef ¥8d #epreaipanhiygead and

WO papers w present invention, it can be

a rggggéfﬁg%d Lhgtotile i85 iyl ppRbeEsE9AY Hfstem, processing

yer 15 conprising Cu crystalline grains in the

redyRESY JiYRNE hd TepFodur iy Isignaglse crystal but a
thin film” Therefore, the state having stress in the

t hi nf e Preelaitpriosent ibnyertiadn isizgubife tief hademt-layer
fromthe surfaces of bulk Cu single crystals of these
cry#RflllSine Cu need not be small. So the problem of prior art
methods encountered for obtainingsmallmagneticgrainsusingsmall
grainsizeunder-layerscanbe avoided, and as theresult, recording
media having increased recording and reproducing characteristics
can be obtained according to the present invention. The Grain
diameter control under-layer comprising Cu crystalline grains of
the present invention can contain other elements in a range in
which the advantage of the present invention is effective.
The detailed mechanism of obtaining small grain sizes by
using nitrogen deposited Cu metal film under-layer is not clear

at present_. Here, two papers will be introduced and will give

a concise comparison between the present invention and the papers.
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Therefore, the re-oriented ordered surface structure
shown in these 20 papers cannot always be expected for
the filmof the present invention. At present, the
mechani sm of the present inyention for obtaining

small grain size is not clear. To find out the

mechani sm of the present invention is an inportant

pr oph &iRd @b ahes phyeds Appeatiedgihosthiape eimimnce Vol.523
i nvention, magnetic crystalline 25 grains of a

pp BYNLdS C(Lay®y &@na bee rmalee byred i r amgledregnefigee structure

recording nmnedia for high density recording wth .
compBsegasetegi gnahatvd ngon Serogen iebsoaptiencndirggdons having
BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. | is a
no sisvenpt icmlisy repomtedrosthe aritengen ajoss yergpgheprped on
recordi ng nedi um according to an enbodi nent of the .
bulpresegle dnyedalli 6n. sErfage afteyr §1eaRiREYR HUSR IR an
cross section view of a magnetic recording medium
ultcanpaceimgofinl®ri &at-ati on control under-Iayer

controlling orientation of Cu_crystallin al ns

bet ieehhe eLbBSY rBRREHRPREYF ST nl%i%%?ﬂae%%ﬁjr%‘?ce and
EngilneeRinanvolobse pe o 18 2 LEHAIA learry SERbHS T IOR £og the
ordPEes: A HAHEUF i Sh S G nEOHER, dCone i G BEtgE, qevetal
cu SREERGRniS (BT erbiE FERET B TRE IR I, SeR e as 2

Fig. 4 is.a schematical oun £XAY § nRkrdchiids appeared

SElEagFg?ﬂlZ1%gfso‘frlfna%u1$egc§%r %ga ISttTce Tor the o PP
tetragonal | [ t URS sifbfe art8tal.

on ?cﬁé‘ﬁ’%tni %gflf;%%%hg\%ngc%ggg ggctsllog Vi egv,yof a magnetic
rec@rding ; AR punchavib g AR o itet AB Prisendngdfvehdyen, it can
'apch %glggq%n e%%&%%%%nt 5? t he giesent i nvention.

be ?Og.ilt@dl Sut $HREMRhieC gk nS BaWRete@SBoREEbLONNMREWl afer

O magnetic recording medi um having a soft magnetic

comp e AY 8 cr AR ding gra ial etk peeteat tireeptisents not
I'nvention. Fi'g. 7 is a cross section view of a _

a bR Bhigl o/ @SRt NButRdt Nim fidwi.ngThebefistag theystatehaving
a soft "magneti c under-|ayer according - _

stress in the thin filmof the present invention is quite different

from the surfaces of bulk Cu single crystals of these papers.
Therefore,there—orientedorderedsurfacestructureshowninthese
papers cannot always be expected for the film of the present

invention. At present, the mechanism of the present invention
for obtaining small grain size is not clear. To find out the
mechanism of the present invention is an important problem to be
solved. Accordingtothepresentinvention,magneticcrystalline
grains of amagnetic-layer canbe made small and magnetic recording
media for high density recording with increased signal to noise

ratioc can be obtained.
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to an enbodi nent of the present invention. 25 Fig. 8
is a schematically shown oblique view of a nagnetic
recordi ng apparatus according to an enbodi nent of the
present invention show ng +4he construction by
partially renoving the covers. 8 Fig. 9 is a graph
showi ng the rel ati on between the nunber of deposited
BRI | HEGSOT B OO G¥eITHEI BRAWENGSND the average grain
di aneter of the magnetic recording-layer of Exanple 1.
Fi grid0 1sif gregtenstodaiglyt hehavel aticss [seoidan (Hew of a
average b5 dianmeter of the Cu grains and the average
nagfiéaierecoefihhametEymed ¢cordiys taln erbqiament ¢h thggpresent
magnetic recording-layer. Fig. 11 is a graph show ng
invéheiorl ati on between the nunber of the magnetic
crystalline grains per unit area of the nagnetic
r echigli ny-imyeschenatiigedl Lt §hewins STPFH §epfrion view of a
differential, wave 10 form (SNR, ) of the netic 1
magnetbediragordyed BedENAnpPRLY1S P AT B R gpntro

Herei nafter, enbodinents of the present inventjo il .
undpe-1apstr FeRErP Rl Hog aPT AN EAL +F e‘?gn ® ?’Eﬂﬁ%ﬂlﬁe "tdins

g A A I R
scchPaSaotocahySabod gkl BRORER:prbbHCt LfOsnAOh2L",

Flafl ?—aeg% ggiqa F% bﬁltai}?%:%& %Z%H?égh%'&"#’elﬁdegstgﬁgi 6d]|'e§ rrné?ge?etic
e L Lk

12b d g ' d: ' t : i
cryer g aRes B Butar frHaaRY, iy A PPl or U EeruanhaLyLttice

strudl %eaggggﬁg_ﬁgdté) e Tefointd RIYT dhenprédbnenihhention.

surface o rain di ameter control under- |ayer 12

a 1gilgn 2 {8NP8cheRaltie@1hyl8hdwal &x&0FTE dO alxidySpattern
at ons °/ , being expressed by the average nunber of

ForPt RS- REfprid]l dkedic¥hesr e tebphydyal sldtesisse shancture.
1X 1013 atons /CM2, significant average grain dianeter

Fig. 5 is a schematically shown cross section view of a
magnetic recording medium having an intermediate under-layer
according to an embodiment of the present invention.

Fig. 6 is a schematically shown cross section view of a
magnetic recording medium having a soft magnetic under-layer
according to an embodiment of the present invention.

Fig. 7 is a cross sectionviewof a magnetic recording medium
having a biasing layer for a soft magnetic under-layer according

to an embodiment of the present invention.

Fig.8 is a schematically shown oblique view of a magnetic

recording apparatus according to an embodiment of the present

invention showing the construction by partially removing the

covers.
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decreasing effect cannot be obtained at the magnetic 9
recordi ng-layer. Furthernore, experinental result
shows that nagnetic crystalline grain orientation of
the magnetic recording-layger decreases when the
quantity is larger than | X1015 atons /cne. The
guantity of the deposited nitrogen atons is nore 5
desj 1 ablee 150a bgrph asHawigey fuhemrex 4@'i8nabehwesnnighe qugber
X 1014 atons /cnz . Nunmber of nitrogen atons at the )
of dGRasitall nidyelgedf aBbmsogen umiorErek?2bndahhbeaverage grain
eval uated by a secondly ion nass spectroscopy (Sl M)
diametende f Gt hermamidiois, revotding+kaxenrohriznanp ke (NRA)
using H+ or 12C, Rutherford back scattering, X-ray
phorbgl act i o gRapheshowinyphe XPH)tiandeiypan the average
el ectron spectroscopy (AES), for exanple, can be used .
diafeter\d theithggraénawmsbehefavpiagpdaanepy of the magnetic
Furt hernore, atom probe nethod described in lied
cry®hgdilise grains® sivotheomppnebds-BeRIr¢InAYRed for
- the evaluation. As a nmeans for depositi ng"eljcitroggp umber
at ofitgen.l Be auFfarit sdoWiny Fhgi rEHRHHR &PTGTHY 6 ©
under -l ayer 12a, a_pethod of exposin

of Bommasnatiderrrayer L D8 SIS BEFOLPLEGH T O hagugonet ic
recePapgakPRET il S0 RO A% T CP S T A Shep Erat vave
Forfn (i bgeh CRrdURe ors e S ey W, Rl AoF,

Furthernore, a nethod of exposing the surface to NH4
at nrosphere and then renoving H can be used. The

DET%E%?ﬁaBE§ﬁ§E?5F5ﬁta"ine grains for the grain dianeter
o™l :

ayer 12a are grains having broader flat

. bt aini ' iRged 2! widl b
ot FeESipaltsl? Shfldineits BIORAY Grbcent drirtiear widl be

€19l abRadh aBLer referBficeCdogtaknarawidgsirabl e.
des%%ghggsﬁgagkgaaverage gra?n d?gne?er of the Cu grains

IS $QqnMok gl ar g8hemafdcaRN¢ SRGWhablesdi asetdoni giew of a
100 nmor larger. A single crystal film having no

magedil: RAUBRIG A8d i 6m Bebradng tiesh eabbd imeher f tiee present
filmis not even in a certain
invention. A grain diameter controlling Cu thin film under-layer
12a is disposed on a substrate 11 in Fig. 1. A deposited layer
of nitrogen atoms 125 is formed on the diameter control under-layer
12a. A magnetic recording-layer 14 is formed on the deposited
layer of nitrogen atoms 12b, and a protective and lubricant layer
Quantity of the deposited nitrogen atoms per unit area
desirable for the deposited layer of nitrogen atoms 12b on the
surface of the grain diameter control under-layer 12a is in a range
from 1x10%? atoms/cm? to 1x10%5 atoms/cm®, being expressed by the
average number of atoms per unit area. When the quantity is less

than 1x10'® atoms/cm?, significant average grain diameter

decreasing effect cannot be obtained at the magnetic
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degree, the filmcan be avail able provided that the

filmhas large fraction of terrace surfaces that form

the filmsurface. The grain diameter contro

under-layer 12a in which thg same 5 crystallographic

pl ane of each Cu grain is oriented parallel to the

sane plane is desirable because hi gher magnetic
recSFYSiAl1de- . OFairtheirineiigt eapecdmeheatbiresndt showhethat

magnetic recording-layer 14. The grain dianeter
magROft ¢ b ryetert 1y efrd in vt idnt(ailityn pifarhe afagrethiCu

grain is oriented parallel to the substrate surface 10 .
rec@f &iRGPESy i e ctesiseabieed aheoguanhihy s §argpedman 1310

smal |l magnetic crystalline grains in the magnetic .
atometeandli nghkayeantity ofs tbhodeposiFed nitrogen atoms 1s more

orientation control under-layer 12c for increa§lng 2
des { 2818) e pbdreeipri pange foamdrx 101 gtansdcmh §pa*dlai atoms/cm.

di ameter control under-layer 12a _can be pl.aced b%tmeen

t heNuiBbex oSt  Btkodan avengr af the depeeited hdysir ot nitrogen

under-layer 12a. As the orientation contro
atomsdb?b |caterbel Bvalaatesh by an8eRRPELY aFORJMIRT HPSF T I7R COFY

the group consisting essentially of N A, MAl, )
(STHE D, Reha - SOThAT REE A AT FRACHoTo MRS (NR)

t rol der - | d he di '

oo SR O ST B TS0 ) PO SELLoeron
12 d be di d th h ' ' .
cosbEEoRESn Tl SRR LIS B LRELYERERRy (84S, cor

di I 4 f ' .
exob8n oL EL T FLALISETES B8k 597100808 atome.

rurffEFR0Fs . (AECfITBEORR' fioBHEAUESEE EBLa 20 (EAP1 LikaObnyBaCS

I'ne grains 1n the magnetic

Lecar ¢iqg; =Y. X £832cghauasion.
neck i SOOI A 0N pree o ol pRégcunatmesor

reppoduged QUERUE 3&bod Dl & GRMdRGerS h8BMk. oNitie Sheface of
average areal density of the magnetic 11 crystalline

gradhd {indter 88atEHRunkEK N2 yenal 78/ aetliditoSNpos ing grain
ecreases. The SNR decreasés al so when t he average

diapktal dansidivuiaenL exper ilnani flex @éspbs St byn ttoen resgen ions
Inventors, it has been found that noise |evel of

or he€LbgeNdradiciBPrexii®engsed. Other methods of irradiating

nitrogen ions to the grain diameter control under-layer 1l2a or

sputtering the Cu surface in nitrogen atmosphere can also be used.

Furthermore, a method of exposing the surface to NH, atmosphere

and then removing H can be used.

The desirable Cu crystalline grains for the grain diameter
control under-layer 12a are grains having broader flat surface
for obtaining the magnetic recording layer 14 with better
crystallinity. Accordingly, larger average grain diameter of the
Cu grains is desirable. The desirable average grain diameter of

the Cu grains is 50 nm or larger, and more desirable diameter is

100 nm or larger. A single crystal f£ilm having no grain boundary
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5 characteristics can be reduced substantially and is
desirabl e when the nagnetic crystalline grains are
arranged essentially in an ordered structure of
tetragonal lattice. Fig. 31schematically shows an
i n-plane structure of a magnetic recordi ng nedi um
according to an enbodi nent of the present 10 )
is nid™ERbreMesiheabid I e whehj el Crefpimsiss magnever igr aigeyrtaln
1. Existence of tetragonal lattice structure
deqgféé ARGRNENLM efarBg rataid abdreypravided tadi hbelf danhpe large
eval uated by image processing and anal yzing
fratt foandsstenratecsuohacesrosadbptoXTEMe H HUR sFRrfase-
the filmplane of the magnetic recording-Layer_14. 15
Usi Tiye ayr alimedibane bee sontgodritndaizx harergl 4afinwh tch fhe same
spectrum can be obtained as a result, of g fast Four'ﬁr1 &
crystahibgraphiopbine ofi pachk FRE@FLBLESQTEENpd parallel to
increasing contrast of a Figure for magnetic talline
thecsame aillant igr dppsrahde Peraith MAgReLAS. CHHREE2
magnetic crystalline grains can be regarded to 20.hav
grain QRN OBN hpPhainst ITatRF AR R IG pplofding fayer
essentially _,when patterns, as sho in Fig.4
14.7 CRoR Al AAARRESRReR i Sdededraat §h Wi JleeopLene
periodical spots or,rings havi a, ratio f
of BRShATRErAH (1 TehPreq Patad (tﬁl%g’ﬁds%ﬁtggitﬁ surtace
Fig. 4)..Simlar_eyaluatio : P A HE1 HOshaM
arecRBPgy 23Ty BERLBAPFY FPhcePoa T i e taLRe phe P
recording-layer_an l.yzj Aifd reling-layer 14.
magBﬁ%tlgr?lE_. S#—%%/fi‘%% (ffraaglne il}cx:/1 Fg%cﬁ'ﬁeﬂng l_rreéi imoof the Y
Preg&ntndwly 4t F2g. 22 APEPSEhEat 86 herd BYRIdekd 1ayer 12¢
havi'ng a granul ar structure 1s 12 desirable. The

9 ing' Wnlho POBAREREHH G BICAl §rabasntimhe grain
for}égpgégé%ﬁgtﬁghﬁggﬂéticorecording-Iayer 4 leads to a

dialeteasentt ol Nangeslanger nhar aahi b8 pehwedanbehgeen the
magnetic crystalline grains and a significant

sub$8§:8@S€1 idhd be atinfashhébsr Tomtmd ahdeesdngiengl 2md As the
reproduci ng characteristics. D sordered alloys such

or id%1tG@-i6h bt X0t Mhdepr Tieyer 12t ayd eamictnesarerpal selected

Co-Pt and Fe-Pd, and nmulti-layered filns such as )
from the group consisting essentially of NiAl, MnAl, MgO, NiO,
TiN, Si, and Ge can be used. The orientation control under-layer
12c need not be disposed directly adjacent to the grain diameter
control under-layer 12a and can be disposed through an interveni'ng
layer.

The magnetic crystalline grains in the magnetic recording
layer 14 are formed in plural per oneCu grainof thegraindiameter
control layer 12a on average. The desirable average areal
density of the magnetic crystalline grains in the magnetic
recording-layer 14 is in a range from 1x10%? grains/cm® to 8x10%2

grains/cm® for obtaining large reproduced output of the recorded

signal. When the average areal density of the magnetic
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Co/ Pt and Co/Pd are desirable as materials for the
magnetic recording-1ayer 14. These alloys and
multi-layered filnms are 10 desirable for their high
crystalline anisotropy enerigy and therefore for their
high thermal fluctuation durability. Magnetic

_ properties of these alloys and nulti-layers can be

crystBNLovad gffarime&samem i g ofregaddinsi/ve’ el Ere rflER

~ “such as , B, and . CoCrPt, CoCrPtB, CoCrPtTa, )

dec£85E 8t Nd, THOSNRIdaw rEa sarzda Fedwlenat ho py ezageher eat dans ity
desirably used as materials for the nagnetic .
r ecPr oingxpeytmehtalAxesnd tisnbyr itdles Poes €gr rintpRra sy 1t
boundary regions of the granular structure, conpounds .

hassbekna$ooxiddé&hadnhcdarebiliel ofe herrdbng, and cherECducing
t hese conpounds do not formsolid solution 20 with the

chamateer abtiesrainghe Heedrgpdtsubstjrt il lead s Hdesirable

mpeshemSSEORS T LTS PSR T e ST Ear
TiC,, and TaC, can be cited for form .the grain
in B@uﬁ@ﬁﬁFQ4xﬁﬁﬁﬂﬁtW#ﬁa%%gﬁ%??%g?%ﬁgrg%ﬁg}Fﬁyer 14 can
be double structure _26. or nulti:|ayered f >,
In Fhos 3asehgratigallynghoys %e}?éég?%ehgérﬁﬁé&ég ot a
construction described above. As s AN
magPAEAF RO R PR EroTS 50 p 6P S glippaipehdortndfiresent
., characteristics, of net i C | ng: £k L
anﬁQt&ngoé%%?i%ﬁéﬁﬁi$$§bﬁ?%§t%£?é%%§:%h é%ég%}ﬁ%ontrgﬁ

Exi%%%ﬁ%é&%%géﬁaééﬁngfQ%ﬂg%.égkfﬁé{h9§gg§hh em%h%ﬂﬂ@ﬁﬂgnetic

e orli atiron contro r-Iayer

cryééz.l%%ém% gﬁ:&%@' 106hANLAt E@ElgsgfzaebﬁaﬂngﬁgﬁEb@éggibg and

granular structure ayer as

anah&%%ﬁiﬁ%éﬁéhtggﬁgﬁEQ&@&;&BQ&CiU%%dﬁéW&ﬂM?@i@ﬁ&ersforthe

ng characteristics can be increased by the

fifﬁﬂ?Tgﬁ%do%rE%baha%hk%ﬁb?&b@ﬁrd&ﬁ@eiay&raddLtion to the
smel l'er average grain size and the smaller grain

di aftiely o Sitfdfuitpibeddidg 4he@ analpgheyi software, a

crystall'ine materials of the _
spectrum can be obtained as a result of a fast Fourier
transformationof abinary Figureobtained by increasingcontrast
of a Figure for magnetic crystalline grains and grain boundary
regions. The magnetic crystalline grains can be regarded to
havezularrangement(ﬁftetragonallatticestructureessentially
whenpatternsasshowninFig.4canberecognizedinthespectrum.
Practically, two types of periodical spots or rings having a
ratio of the distances to the center is 1:1/V2 (R; and R;/V2 in
Fig. 4). Similar evaluation can be performed using low energy
electron diffraction to the magnetic recording-layer and
analyzing the diffraction patterns.

Forthemagneticrecordingmediumofthepresentinvention,

a magnetic recording-layer 14 having a granular structure is
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i nternedi ate under-1layer 12d show ng granul ar

structure, Pt, Pd, Ir, Ag, Cu, Ru and Rh can be

cited. These netal materials are desirable because

these nmetal materials showqgood lattice conpatibility

with magnetic crystalline grains described above 15

and can inprove crystal orientation degree. As the
desT#a®liedl sTher gremiilng gtalurthntendatyh regnoagnet ict ggain

i nternedi ate under-1ayer 12d, conpounds such as oxi des
bouddd ryC &ideidess dire ties imaailed icThesmbippthagear bt leads to

desirable as the materials for formng grain boundary
a deedicar® heraise ¢hmisande totpvantiodobeswversr fheomagnetlic

solution with the nonmagnetic crystalline materials , |
crysamliline beammgnend @ sigsiflicans dearasseddsEhppegprnsition

above and can easily be separated. Conpounds such as
noiSie0of He@ordiny , and orepMpdrcimgochagpcterysELiCsand

TaC. can be cited for formng the grain boundar

r egPésordemednaddeysl suoh a9 Fpﬁf?h%tuﬁ&aegﬁegy%}loys

can include magnetic netal when the ,unpder-|ayer. is
suchonRabAeEt ¢ GE-Th@nhEPePdThenfl fie} Hal St thdar i parnh as
co et B, A0 BT SRR SORS YL et
rodiota e N Acd B G5 810S(TBARELLS LieB LA LRI are
Qe GRS P heeh EhPuhoA" 2 5P LA LR g Sl Be R diferam end
eneip S i TREEP o BiEEaa T S acRRa L Pt SAIIRLY.
oS | Ee8 S TRAECS SoyRenarylain elayece can ve

impdro&bbéc?.'ilfa}’lr%g:%g:rsﬁ%ﬁ %g‘ %&&ﬂﬂljis%lﬂ@ ddei fPgdetliinents such as

r'ecor di'ng I spoSed on the soft nmgnetic

cu) aélerarﬂtg,cf_an A EANSIddesiass, chemafd, meEistNg, CoCrPtCu

undér-_ yer 16 shares a partial function of a
and"PeBeELCa'PaFs e BEUF I fige NadRAlrab 1y usetiniicatenials for
the recording negnetic field froma single pole head
thdP eSO DO raestralihy-thyeughs.

As the materials for forming grain boundary regions of
the gfanular structure, compounds such as oxides and carbides
aredesirable,becausethesecompoundsdonotformsolidsolution
with the materials forming the magnetic crystalline grains
described above and can easily be separated. Compounds suqh as
S§i0y, TiOy, CrOy, AlOy, MgOx, TaOx, SiCx, TiCx, and TaC, can be cited
for forming the grain boundary regions.

The magnetic recording-layer 14 can be double structure
or multi-layered structure. In this case at least one of
the-layers has the construction described above.

As shown in Fig. 5, an intermediate under-layer 12d for

controlling characteristics of magnetic recording-layer 14 can
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t he magnetic recordi ng nmedi um and turning back to the
magneti c 15 head. Therefore, the soft magnetic
under -l ayer 16 placed in the magnetic recording
medi um plays a role for giygng a sharp perpendicul ar
magnetic field wth sufficient magnitude to the
magnetic recording |layer 14. As the soft magnetic
be d¥Beekeaveaaddt ibertexaepm irodZaneterd® Fes) Aupder-layer
FeTaC, CoTaC, N Fe, Fe, FeCOB, FeCoN and FeTaN, can be
12a Ché€6mpAa i elowi thn dEpgs it edamidsiogpn dlayen 71 dpnandt ehe
essentially of hard in-plane magnet-I| ayer and
oria@ftiateonoragnebilc undeirerliagier s, for exanple, can be
di sposed between the soft 25 magnetic under-Ilayer 16 .
andridiecspbisa t apelditahvbopedegreerande Prgd Py using
formed in the soft magnetic under-Ilayer 16, and 124
agnmmyﬂan$¢U@nnunedaﬂaserﬁuuéheé&qa§MQQ&9ﬁﬁﬁ§§?rTﬁ€Yer .
formati on of magnetic domai ns can he avoi ded by . cased
The apgr gF iyl @ areh FEPreduCiigdchs TR LR SEdHiSaf 28 be drers
of the biasing-layer 17 and applyin bi asi ng. f.
by the LmPEORRCrY € ehcar L PRVEF L0 SraEen Of Tait fofl 18 the
bi asi ng-1ayer 17., The, bi asi ng-,| ayer n_.b . .
smahlpF| aVayeded It iA® 309 FERS iy L RPEpdFay dianeter

. anisotropy field to avoid 5 formati on of |arge
diskEdREEICTdommi ns. As the material for constructing the

rRGRBEC | :
Cochp SaRGHORBAIReEIR, CrHEe Il AT g f the

., CoPt -Si C2, Cr Pt- Sj ] . _

ot AT TR O T P THe Brt SH e on cont ol ©

?d,%gﬁLgégf( %g)ﬁgséﬂ&tﬁﬁjéﬁﬂnﬂé‘Eﬂ%éﬁ% dipppgseflet 81 materials

( p!ane crystal orientation degree of Cu
areS?%ﬁ&?EbiEEbQEahgé Qﬁ%?éah8t5i3ﬁ§téﬁbsléaﬁﬁﬁw 4bod lattice

0yS substrates or single crystal substrates

com é‘i:@.b‘f?_iiiqj_g 2ithars§netEE Wi bSiHal@aindndepbaibed above
ubstrates can be used for the substrate 11.

andFeahhemPRbee L3ykRangariensubsibnatiegrpeated with N P,

for exanple can be used. Protective-layer 15 can be

for ged+@R Wae orEENe! ifor forming grain boundary regions of
the intermediate under-layer 12d, compounds such as oxides and

carbides are desirable. These compounds are desirable as the

materials for forming grain boundary regions because these

lcompounds do not form solid solution with the nonmagnetic

crystalline materials forming the magnetic crystalline grains
described above and can easily be separated. Compounds such as
Si04, TiOx, CrOx, AlOyx, MgOx, TaOx, §iC,, TiC4, and TaC, can be cited
for forming the grain boundary regions. The materials
constructing the under-layer can include magnetic metal when the
under-layer is nonmagnetic as the whole.

The intermediate under-layer 12d with a granular structure

can be constructed as multi-layer of two or more layers. The
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recordi ng-1layer 14. As the protective-layer 15, carbon
or dianond |ike carbon can be used. O her materials
SiNx, SiQ,, and CNx can be cited as the
protective-layer material. 140 As the method for
depositing each-|ayer descri bed above, vacuum
evaporation nethod, every kind of sputtering nethod,
1ay€9hﬁﬁﬂiﬂétbﬁ@ﬁl@@éaaﬂmanﬁﬁhﬂdoth@nu@@matévaﬁmmnmdﬂng—1ayer
nmet hod, |aser abrasion nmethod and chem cal vapor
14 .deposition nmethod can be used. Fig. 8 is a
schematical |y shown oblique view of a magnetic 25 )
r econdingyepniar atecerddogr dedgunoofirtlenpseésenitt 1Byenheon 1
present invention showi ng the construction_ by
apphaedizd laypeepend igutav eragneaticrirgeogdingenegife ffhen a soft
di sk 81 according to the present invention is
magaét ac henden-1apes pl hdise pd2cedhettyegn; GBR ypdgr-layers and
constant 16 rotating speed by a spindle notor not
theshubatiatehélFagupbowirhén Ejigeef-83 carrying a

di head f di i nf ti d. VR .
hoaBLFERR bBACHIR SORE RATRF G RGNS P o1 GRFAIAZRet 1o
' i sk 81 i
sPohied BorerPeirde

access to the surface of_ the nmagnet
recardaeae@eﬁtlufﬁhéeFSElBPdsa}aog‘asp%%

by a_thin plate,shaped flat, spring. = The.su ' 8
doupdeoaAuEEeBunPeLTRe ST DT Cneg B R EEBEN g faver

10 Y0R8 L O8] D U1 0 LR e Bk ke

thensobr onet i TR AR By SATRes R e ot lon of 2

a nmagnetic Circul

mag%%@%éﬁ%%(%éﬁarg{igyg%ﬁgir[]rlggrn%lﬂi%df 142 i}(rféigﬁ:é@ﬁ?iﬂhé)f:eébﬂﬁing

magne oOpposi ng yo The arm 85

magjg%aﬁl%gj_%géfc?grgﬁ{ a%k {f llge }gc?fé hBgdRRls sSif . fﬁé&@fi?ﬂhﬁough

riven to sw Ircularl’y by t'he voice coi

- i hedi@h 4R Sdiieig Sha tohehe magnetic
theﬁ@éﬁéﬁFgng§E3§§9§g %5 %ontrolled by’%he voi ce coi

hea®! O'.r['hé?efbﬂet, henh Fise£8. mdgeeves WiferSlaghaann6 placed in the

partially. Hereinafter, exanples of the present

magndgrt irroMdinPaeddescpiagd toredpl domw yiwipgesesharp
invention further in detail. (Exanple 1)

perpendicular magnetic field with sufficient magnitude to the

magnetic recording layer 14.

As the soft magnetic under-layer 16, for example, CoZrNb,
FeSiAl, FeTaC, CoTaC, NiFe, Fe, FeCoB, FeCoN and FeTaN, can be
cited.

AsshowninFig. 7, abiasing-layer 17 consisted essentially
of hard in-plane magnet-layer and antiferromagnetic
material-layer, for example, can be disposed between the soft
magnetic under-layer 16 and the substrate 11. Magnetic domains
are easily formed in the soft magnetic under-layer 16, and

magnetic domain walls induce spike like noise. The formation

of magnetic domains can be avoided by applying a magnetic field
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20 Nonmagnetic 2.5 inches (about 6.4 cn) gl ass

substrates were put into a vacuum chanber of an

ANELVA Co. c¢-3010 type sputtering apparatus. The

vacuum chanbers of the sputjkering apparatus were

evacuated to | xI O 6Pa or |ess. Then the substrates

were heated 25 using an infrared heater up to about
in 888" Fagkaepunagetita ohubst take bieryerptlayert d7akod applying

300" C, about 200 nm CoZrNb fil mwas deposited as a
biag0hly FRgDetic thedesoftaysgnetid diivber-abawdouté pdageduon the

film was deposited. The substrate tenperature was
biakhag-alhgeat ad .t o Thebinits30Q-Gayeandan thegermibhs-heyered

irradiated to the Cu filmsurface 17 in 0.1 Pa )
stractuegewigds fHtnedsphtispensed anhsgtnopy 2delévioapyedd

the nitrogen ion irradiation, a 5 nm Fe50Pt50 fil m was
foroepdsnt ed lanye magnetbiqirdedabdd-fil m was deposit ed.

For depositing CoZrNo film Cu film Fe50Pt50 film

andAE thenpatesiad f@@&@ﬂﬁﬁ@ﬁhﬂ@%&é@bﬂ@a’%“&ﬂ#@,ﬂ 17,

5Pa and 0. 7Pa, respectively, and target nateri al S
CoCEBEy NBOCXRIEB Fémﬂ%@a raﬁa%?t?é@sec?‘?%t Naidas b spt, °CoPto,

conBibt EARE 8 Pl GBS HE| ARATEPBULOSE B o B civea.
O 0T 00 oS HEP G, A SR AT b
Loy BRI .S SRS BUIBKENR £ BB 100 p1ene
ooy A SR L e I W P EsEd ras
By A e AT £ pAESAAL LR gt g oryotad
a5 s i 00 WA 100808, puSe pRes) gL

su t%ta%‘éé V&1 WENy¥B§ F&PatRd WibBrabew 11..3 rartheckore,
ubricant of perfluoropolyether (PFPE) by a dipping
indI?aPrPR' sUibratadd QU tERORELHCNE BE Of 6l Ngkandfll erediruive used.
sdnpl es were obtai ned. As a conparabl e exanpl e,

conyepitcRalydearyiandi il @dn be formed on the magnetic

recording-layer 14. As the protective—layer 15, carbon or
diamond like carbon can be used. Other materials SiNg, Si04,
and CN, can be cited as the protective-layer material.

As the method for depositing each-layer described above,
vacuum evaporation method, every kind of sputtering method,
molecular beamepitaxymethod, ionbeamevaporationmethod, laser
abrasion method and chemical vapor deposition method canbe used.

Fig. 8 is a schematically shown obligue view of a magnetic
recording apparatus according to an embodiment of the present
invention showing the construction by partially removing covers.

In Fig. 8, the magnetic disk 81 according to the present

invention is attached to the spindle 82, and is driven at a constant
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magneti c recording nmedia were fabricated by the
follow ng procedure. Nonmagnetic 2.5 inches (about
6.4 cn) glass substrates were put into the vacuum
chanbers of the sputtering apparatus and the vacuum
chanbers were evacuated to 1x10-6 Pa or |ess. After
heating the substrate using an infrared heater wup to

y 1,20 r fil S of. 1 |

rotggggé_éggga bﬁ’glgg%?rﬁ%ngFP H&@'sﬁ%ﬁ% ék gﬁ@rFHQQ%eﬁn]The

. laye m as a seed-1| ayer,

s1iRdrfgd mas Tgngefeé6ﬁﬁﬁhg h8a8Mor recording information and

Co65- Cr 20- Tai -l ayer 'as a magnetic 18

a MReheadirygpricdyel ng atttk achpirdpd ol ebdrinsgibayesr WRSining access
deposited to each substrate, and then the |ubricant

to fhas pwdtase @i hige thrnmitdcedisk 8kilm katached et dlisetop of
for exanpl e described above. For depositing CoZrNb

a SPEPPeRSIRY £ APREFYTISH RMdachietpiriatei PhPehel At §REing.

pL ur s.0. 7Pa .tPa, 0, 7Pa,. 5Pa and 0. 7Ra .
el RSSO YEO1R g0l R B ias BN SFanaing 2
bobBDf KOREE2Q FElddal:ir aspechbwe! ¥ thheri SR tering
was perfornmed using DC sputtering. Power inputted to
theatatigetshaas st ixesl tihel 20008%Y T heibeCEOst Iisidy 86, a
the crystalline grain dianmeters and the 10 grain size
kindi &f riingeiromobér edich diabrsedt edsavplieewes £l encalosraBédis
by a transm ssion el ectron m croscope %TE wth
COH%%J&I&%P%@ NYH e EGe CAFCrbd fWPopsd gliantdiiyeofoil rolled

BT AT ek I R S v
L9 600 g5 gLl B0 0. OB hoePREREE T e

Fighed hodi usi RYivés o BeRardENScw@Ng-1reBLOENE I N ce coil motor
characteristics (read wite characteristics, R'W
86. chElraagiositstncsl twfe eadcHenaghedr aher egnsl ivg aiedi 8m is
was eval uated by using a spin stand. The 20 magnetic
confeald egpplvi e wakice condi matdorBof danOtBejlin.t8raekcover 88
., wdth single pole head and a 0.2 humtrack width MR
is sl P?ﬁ@lé %%'nEasuring condition at a constant
g?g eelti%%la&%?enq:f h Qg’r{l gll,legsp io%f t%g };g:]cgsfgnocmitnbrgngfgrg evgi ﬁ_n %e
described to explain the present invention further in detail.

(Example 1)

Nonmagnetic 2.5 inches (about 6.4 cm) glass substrates
were put into a vacuum chamber of an ANELVA Co. ¢-3010 type
sputtering apparatus.

The vacuum chambers of the sputtering apparatus were
evacuated to 1x10™° Pa or less. Then the substrates were heated
using an infrared heater up to about 300°C. Keeping the substrate
temperature to about 300°C, about 200 nm CoZrNb film was deposited
as a soft magnetic under-layer, and then an about 30nm Cu film
was deposited. The substrate temperature was then elevated to

about 500°C, ‘and nitrogen ions were irradiated to the Cu film surface
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Signal to noise ratio for derivative waveforns as an
output 25 of a derivative circuit (SNRm was neasured
and characterized as the SNR of each nagnetic
recordi ng medium The nmeasuged signal S was out put
for linear recording density of 119 kfci, and the
nmeasured noi se was root nean square value at 716 kfci.
in 6N %d'ntiltg? e&%&é“%t%%h éjttl'k 'Qlfg Egﬁ 'aylfatZ'OY)ee_V. After
wavef or ms L%PV\B ) was eval uat ed to obtain as an i ndex
the f@ItAdy@nr €68l L1 a@fi ohhear 8aet Gef@r Janhe bashevsodired.
- average crystalline grain dianmeter dMag and the
st ahdadrthaewd at noncarbof fhem megnelaposliagdr of'oeach
magnetic 5 recording nmedium_ [ Table ;! Magneti c
depag el e %@N@aﬁélﬂec‘g‘ﬁdfh{:}“di%ﬂ%p @M film, the Ar

Layer diVag (a% o(,nm le 1-1FePt4,51. 0 Exanpl e
925 JE5ERY L 1551 Do BR A BEA SUspEAh U1 BRanpFEbeEt fvely, and
tar%éégﬁf @j%é-%angBEEﬁE'V@hﬂ%ﬁﬂvﬁﬁgloﬁﬁﬁx?-%%%}e%%@@?i?.

medi u mpari ng each hegnet’tcPecorditg I'Um o

Thet§ﬁhé%gﬂﬂﬂgew%s Bethothed meang] ine %Eﬁ@ﬁgkﬂﬂgﬂﬁdlun10f

t he Conparative exanple 1 10 for the average

cr yBéwdd iimpugtad ntdi drettatrgddagrandikbd sdanda0dw for

deviation a of the magnetic-layer in Table 1, each
CoZppigndiesd tse aedr@idaporadiiam ofnd hergrdnpren lirslpowsnge from
Si gnificantlg/ smaller |
100 to 1,000 W £or Cu deposition.

Then magnetic recording media having CosPtsg, FesoPdsy, and
Co70Cr1pPtiy, instead of FesoPtsy were fabricated using almost the
same procedure described above. The quantity of nitrogen
deposition to the Cu film surface was controlled checosing the
ion irradiation time. The crystalline grain diameter of the Cu

films was varied changing input power to¢ the targets.

After finishing the deposition, each protective-~layer was

coated with about 1.3 nm thick lubricant of perfluoropolyether

(PFPE) by a dipping method. Then, wvarious magnetic recording
medium samples were obtained,

As a comparable example, conventional perpendicular
magnetic recording media were fabricated by the following
procedure. Nonmagnetic 2.5 inches {(about 6.4 cm) glass
substrates were put into the wvacuum chambers of the sputtering
apparatus and the vacuum chambers were evacuated to 1x107° Pa
or less. After heating the substrate using an infrared heater
up to about 300°C, 200 nm CoZrNb film as a soft magnetic under-
layer, 10 nm Ta film as a seed-layer, 20 nm Ru film as a

under-layer, 15 nm Cogs-Cryg~Pti14-Taz~-layer as a maghetic
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average crystalline grain dianmeter wwth small er
standard deviation. 15 Fig. 9 shows a relationship
bet ween the quantity of deposited nitrogen O and the
average magnetic crystalling grain dianeter dMag for
Fe50Pt 50 magnetic-1 ayer obtained by a nuclear reaction
analysis NRA. Fromthis Figure, it can be found that
recbP@ifEYBARLT | DA SnspBsLest Pvkflapet assdepds Bnetl apeeach
desirabl e 20 when the O value is in a range from
subd¥LOL8, amimteed tRe YT attowhsn@oat&l ndiarg thewtacedure:
were obtained for the cases of Co50Pt50, Fe50Pd50 and
s inC0ZP G d @Rke26h sBgNEt iekahp)er defor iked bmagnet For depositing
recording nedium the nitrogen atons deposited on the
CoZ@NBifiildi ,ap®ttalm;and falm anddeoCty/Ba fddmprike Ay 9o pressure
crystalline grains was detected by a 20 chem cal
wased eTEmt 0di7®ar,i DufPon TR endedehPa usierPet MY ¢ 1dvaradt FRrISt
depth direction. Fig. 10 shows a relationship between
matekéadwersageZ dNamteor Ru gnAEPcEyst B i4TAer FegPsStavely. The
Cu-l ayer and the average di ameter of = 5 magneti g
sputtgsinglwar pgrforaedons Feg A SoukkEhdPec- |§%?Ts ippgfted to
2x1014 atom cn® deposited nitrogen. FromFig. 10, the
theaterggssgwapnfigednbPel 18P0t He magnetic-Iayer became

of Bheliosha B afhe k3 A58 g 8y haTEE S ana wne
o B o L SRR EIo RO 8P aNEE Eobfys e ggatuated
by S Eirhe Loy P AR ERoh RERHoFSPE, LnBl gatithcBepraing
vorhabclechod f RmS GRERTALE T fuyden M HBRogicod on
the{,ﬁ%%ﬁ { d EE%M g:%rifgﬁ_gieﬁséﬁﬁf%otrﬁ 18O LBy Gl ﬁ§&ﬁgﬂ{+ method

e"value o was I n a range from 1x101

s i3 H OV S Thd %«%ﬁ%r?&%&@f [£o%. tHhHEaln Aupbpbref appeared

magnetic grain a magnetic recording mediumis
at RiB%ele Yt forfde GFYEI A0 | 6. BEELDS0 PNaAdes ags. merHededsing

arrangenent of magnetic crystalline grains was
cst. nvestigated for each in-plane TEM Figures using an

I mage
Recording and reproducing characteristics (read write
characteristics, R/W characteristics) of each magnetic
recording medium was evaluated by using a spin stand. The

magnetic head applied was a combination of a 0.3 um track width

single pole head and a 0.2 um track width MR head.

The same measuring condition at a constant magnetic head
position of 20 mm from the center and of 4,200 rpm the magnetic
Signal to noise ratio for derivative waveforms as an output
of a derivative circuit (SNR,) was measured and characterized as
the SNR of each magnetic recording medium. The measured signal
S was output for linear recording density of 119 kfci, and the

measured noisewas root mean square valueat 716 kfci. In addition,
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20 processing and anal yzi ng software "I mage-Pro. Pl us"
(Media Cybernetics Co., USA). To each TEM Figure, a
nodi fication was given to obtain a pattern expressed
by binary variables by inggeasing the contrast
bet ween regi ons of the magnetic crystal grains and
ot her regions. The Figure expressed by binary Figures
the 30 MRS 1 ANkl el far iR tiw FFavehd rinke (4PBY)) t vasevaluated
ordered arrangenent of magnetic grains in the
to HBEREhI &s| a¥eindes fE&cogm: zessédhut idwe of oriventéamaling.
medium On the other hand, for each nmagnetic recording
medtall dayidlpws Wldleverage caggeaflidnelgtale diameter duag
grains/cn2 to 8x012 21 grains /CM2, the ordered )
and @heasigendantd abvi Be i saenet khemamiat idrlmyar af msichonagnetic
tetragonal lattice structure was recogni zed. (Exanple
rec@ydhogmagdeétime 2.5 i nches gl ass substrates were put
into the 5 vacuum chanbers and the vacuum chanbers
[Tabkeelgvacuated to j X10-6 Pa or |ess. Then CoZrNo soft
raghete—tmtergayer o tu depm>|£¢éyhgeand N $F0087Fd
deposi tion |progess Wer e per flor iRdmEeLPY | h@chBhBosh
descri bed in Eigggte 17 Then angnKhﬁfSOPtSC) h

W%gﬁggtic_h yor—_Was forrred—tstng—fFe50-P quy-igoypll 0
opg et thef a6, pgheticodisks
EXARRIS Gosdpt 5SOCEEE COPPGHEPPo— 7
PRRIS Lrdlly r S9PYci ng Fe5OP 50+ pier—of -the—df sks—
Exafalice 1= lwer £%P8hr i cat ed usingFespect ve tgfgets:
PRI TRHLY © nagﬁ@PPEenB+%%§Lhaving O A1203, “T7C and
Framplesnactli veMPAiUB) o £ abri cated rephaeing—S—02
-layer in Exanple 1 . Then carbon protect ive-|l ayer

15 was deposited and | ubricant-layer was coated for
eachofphitagt esch megnediic recordiing medium offdfie Example 1
shows SNRm val ues and dPWsO val ues f or each magnetic
withethedhagneeik uracarsiimet medismopdi e AampaRdiivey example 1
magneti c recording-layer conposite with the chem ca
forcthpoametsagh awyat-alidmea god isNRiamale undefld dbeestandard
For every filmconposite with chem cal conpounds, .
devgmarivhaw sifr theunegart iesdepeiraliny Tabder 4gogarh magnetic

arrangement of the magnetic crystalline gt I.NS g&
recording medium of the Example 1" shows signiricantly smaller

average crystalline grain diameter with smaller standard
deviation.
.Fig.9showsarelationshipbetweenthequantityofdeposited
nitrogen.e and the average magnetic crystalline grain diameter
dyag fOr FesoPts, magnetic-layer obtained by a nuclear reaction
analysis NRA. From this Figure, it can be found that the
drystalline grains are significantly small and are desirable
when the 0 value is in a range from 1x10%3 atom/cm? to 1x10*° atom/cm’.
gimilar results were obtained for the cases of CosePtses FesqPdsg
énd C0,0,CrioPt, Mmagnetic-layer. For each magnetic recording
medium,thenitrogenatomsdepositaionthegraindiametercontrol

under-layer comprising Cu crystalline grains was detected by a
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the magnetic-|ayer are recogni zed by TEM observati on.
22 [Table 2] Magnetic Signal half recording to noise
width |ayerrati o SNRm dPW0 (dB)(nm Exanple

2-1FePt 17. 198 Exanpl e 2-2Cogr Pt 17. 393 Exanpl e
2-3Copt 17. 099 Exanpl e 2-4FePd16. 897 Exanpl e

2- 5FePt - Si O218. 390 Exanpl e 2-6CoCrPt-Si 0218. 689

chefX&iP| &1 eneh@0 Rl =Srd B4 1090mExeipme Rt iRy SIfS180@80ed the
Exanpl e 2-9FePt - MgOL18. 291 Exanpl e 2- 10CoCr Pt - MpOL8. 290

depgﬁaapfgceiéﬂCth-NbCﬂS.087 Exanpl e 2- 12FePd- MgOL7. 886
Exanpl e 2- 13FePt - A120317. 989 Exanpl e

2- IMCe COr R sMoSB 4 7r OBEt Fomasini e thERoPEhal 2081agg gyiameter
Exanpl e 2- 16FePd- Al 20317. 789 Exanpl e

of Gu bifyeRtzlTiifk8gi8 InSHansie- 12yE8Ca T Feheiaves aggod iameter of
Exanpl e 2-19CoPt - Ti O17. 987 Exanpl e 2-20FePd- Ti OL7. 988
magnetic crystallinegrains for FesoPdse magnetic-layerswith 2x1 o't

atom/cm® deposited nitrogen. From Fig. 10, the average grain
diameter of the magnetic-layer became significantly small when
the average grain diameter of Cu-layer is 50 nm or larger.

Fig. 11 shows a relationship between SNRq of each magnetic
recording medium and number of magnetic crystalline grains per
unit area (areal density of grains) n obtained by TEM observation
for average diameter of Cu dey of 100 nm. As seen from Fig. 11,
the SNR, increases and desirable when the value of n is in a range
from 1x10'2 grains/cm? to 8x10'? grains/cm’. When the value of n
was in a range from 1x10'? grains/cm’ to 8x10%? grains/cm’, plural
number of magnetic grainslof a magnetic recording medium is placed
on a Cu crystalline grains on average.

ordered arrangement of magnetic crystalline grains was
investigated for each in-plane TEM Figures using an image
processing and analyzing software *Image-Pro Plus” (Media
Cybernetics Co., USA). To each TEM Figure, a modification was
given to obtain a pattern expressed by binary variables by
increasing the contrast between regions of the magnetic crystal
grains and other regions. The Figure expressed by binary Figures
was then transformed by FFT. As theresult, noordered arrangement
of magnetic grains in the magnetic-layer was recognized for the

conventional medium. Ontheotherhand, for eachmagnetic recording

medium having n values in a range from 1x10%? grains/cm’ to 8x0'?
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Exanpl e 2-21FePt - Ti C17. 890 Exanpl e

2-22CoCrPt-Ti C17. 892 Exanpl e 2-23CoPt-Ti C17. 790

Exanpl e 2- 24FePd- Ti C17. 888 Exanpl e 2-25FePt - TaCl7. 987

Exanpl e 2-26CoCr Pt - TaCl7. 89Q Exanpl e

2-27CoPt - TaCl7. 887 Exanpl e 2-28FePd- TaCl7. 888

Conparative (conventional 15.4109 Exanple 2nmedi um
gralEX28R! € t3e dr8ekrBahaf AhRgémEntY cMchrandgdeskestiapethlline

nonmagnetic glass 5 substrates were prepared and film
gradgRosht teasausngl peat oLsedst vettgre heapr veesgn bfed.

Exanple 1 up to nitrogen deposition treatnent. Then
(ExAfpilen 2Bt - Si 02 | ayer was deposited using Pt-10 mol %

[ 82 conposite target. On the Pt-Si 02-layer, various
nMagRehinaghetde di riy-inherss glese debstiates arrre e into the
various 10 nagnetic recordi ng nedia were obtained 6

vacafinechamepess tamty ther banu@s qhatleers wereapEpcyaged to 1x10
coating |ubricant-layer using the rocedure described, .

Pa on IBswplfhed. CoFrRl¢afitonagnalaetyrdeFekd¥el nFudapastion
having Pd, Ir, Ag, Cu, Ru and Rh under-|ayer,. hod

andr pépregen el§pos Heteh Proresfe WPL S PRIEF 0T G2 1S igy the metho
magnetic 5 recording nedia having Ti QO Al1203 QO . Ti

desgnabFECiD mrannls dr, Thespe& PWe#g?f;DPitﬁ%‘t%’a%u ’BP%/?ﬁElc'faYer
Si O2under -1 ayer were obt ai ned uysing,. rescg“?ctive

wasc §epBet: é‘stl_ﬁﬂgéFgSO"IB_aq:ﬂDé‘éosﬂB %S %r%za %B?f%?rget :
I LR T e L
regggggf%éﬁy replacing FesoPtsp-layer of the disks in example
1werefabricatedusingresPectivetargets.Similarly,nmgnetic
diskshavingTiO,Alﬁh,TiCandTaCrespectively,werefabricated
replacing Si0O,-layer in Examplel. Then carbon protective~layer
wasdepositedandlubricant—layerwascoatedforeachfabricated
magnetic recording medium.

Table 2 shows SNRm values and dPWs, values for each magnetic
recording medium. Magnetic recording media having magnetic
recording-layer composite with the chemical compounds show
increased SNR, and aredesirable. For every film composite with
chemical compounds, granular structure and essentially

tetragonal arrangement of the magnetic crystalline grains of

the magnetic-layer are recognized by TEM observation.
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signal to half Under |ayernoise ratio wi dth SNRm

(dB) dPW0 (nnm) Exanple 3-1 Pt-Si02 19.6 80 Exanple 3-2
Pd-Si 02 19.6 81 Exanple 3-3 Ir-Si2 19.3 79 Exanpl e

3- 4Ag- Si 0219. 078 Exanpl e 3-pCu- Si 0218. 979 Exanpl e

3- 6Ru- Si 0219. 877 Exanpl e 3-7Rnh-Si 0219. 777 Exanple 3-8
Pt- MO 19.4 81 Exanple 3-9Pd- MgO19. 480 Exanpl e 3-10

[TabiaMP 19.0 77 Exanple 3-11 Ag- MO

Signal half

Magnetic to noise width

recording ratio SNRm dPWsg

layer (dB) (nm)
Example 2-1 FePt 17.1 98
Example 2-2 CoCrPt 17.3 93
Example 2-3 CoPt 17.0 99
Example 2-4 FePd 16.8 97
Example 2-5 FePt-Si0,; 18.3 90
Example 2-6 CoCrPt—-51i0;, 18.6 89
Example 2-7 CoPt—-5i0; 18.0 90
Example 2-8 FePd-5i0; 18.0 89
Example 2-9 FePt-MgO 18.2 91
Example 2-10 CoCrPt-MgO 18.2 90
Example 2-11 CoPt-MgO 18.0 87
Example 2-12 FePd-MgO 17.8 86
Example 2-13 FePt-Al,05 17.9 89
Example 2-14 CoCrPt-A1,05 17.9 86
Example 2-15 CoPt—-AlLZ205 17.7 87
Example 2-16 FePd-AlZ20; 17.7 89
Example 2-17 FePt-TiO 18.1 87
Example 2-18 CoCrPt-T1i0 18.2 90
Example 2-19 CoPt-Ti0 17.9 87
Example 2-20 FePd-TiO 17.9 £8
Example 2-21 FePt-TiC 17.8 90
Example 2-22 CoCrPt-TiC 17.8 92
Example 2-23 CoPtL-TiC 17.7 90
Example 2-24 FePd-TiC 17.8 88
Example 2-25 FePt-TacC 17.9 87
Example 2-26 CoCrPt-TaC 17.8 90
Example 2-27 CoPt-TaC 17.8 87
Example 2-28 FePd-TaC 17.8 88
Comparative {conventional 15.4 109

Example 2 medium)
(Example 3)

2.5 inch (about 6.4 c¢cm) hard disk shaped nonmagnetic glass
substrates were prepared and film depositions were performed
using the process of Example 1 up to nitrogen deposition
treatment. Then 10 nm Pt-Si0; layer was deposited using Pt—lO
mel % Si0; composite target. On the Pt-8i0.~layer, various
magnetic recording-layers were deposited and then various

magnetic recoxding media were obtained after depositing carbkon
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19.0 81 Exanple 3-12 Cu-MgO 19.3 81 Exanpl e

3- 13Ru- MgO19. 579 Exanpl e 3-14Rh- MgOL19. 577 Exanpl e

3- 15Pt - A120319. 477 Exanpl e 3-16Pd- A120319. 682 Exanpl e

3-171r-A120319. 280 Exanpl e,»3- 18Ag- A120319. 479 Exanpl e

3-19Cu- A120319. 582 Exanpl e 3-20Ru- A120319. 775 Exanpl e

3-21Rn- A120319. 478 Exanple 3-22 Pt-Ti O 19.6 73 Exanple
protedfivd=Th{l19aRd8Robxamp aubriédnt-lidydd. Bsi8y the

Exanpl e 3-25Ag- Ti O19. 574 Exanpl e 3-26Cu- Ti O19. 079
pro&XanPkedds3 Ryl Q20 Ekémpeamnpl e T3 28 -t BRHetic

Exanpl e 3-29Pt - Ti C19. 379
recording media having Pd, Ir, Ag, cu, Ru and Rh under-layer,
respectively, instead of the Pt under-layer, and magnetic
recording media having TiO, Al.0s, MgO, TiC and TaC under-layer,
respectively, instead of the 5i0; under-layer were obtained using
respective composite targets.
Table 3 shows SNR, and dPWs, for each magnetic recording

medium having CoCrPt-Si0, magnetic recording-layer and various

under-layers.

[Table 3]
signal to half
Under layer noise ratio width
SNRm (dB ) dPWse ( nm)
Example 3-1 Pt-8i0, 19.6 80
Example 3-2 Pd-510, 19.6 81
Example 3-3 Ir-s8i0, 19.3 79
Example 3-4 Ag-81i0; 19.0 78
Example 3-5 Cu-510, 18.9 79
Example 3-6 Ru-51i0, 19.8 77
Example 3-7 Rh-810, 19.7 77
Example 3-8 Pt-MgO 19.4 81
Example 3-9 Pd-MgO 19.4 80
Example 3-10 Ir-MgO 19.0 77
Example 3-11 Ag-MgO 19.0 81
Example 3-12 Cu-Mg0 19.3 81
Example 3-13 Ru-MgO 19.5 79
Example 3-14 Rh-MgO 19.5 77
Example 3-15 Pt-Al.0; 19.4 77
Example 3-16 Pd-Al,0; 19.6 82
Example 3-17 Ir-Al,0; 19.2 80
Example 3-18 Ag-Al,0; 19.4 79
Example 3-19 Cu-Al,0; 19.5 82
Example 3-20 Ru-Al,0;s 19.7 75
Example 3-21 Rh-Al,0; 19.4 78
Example 3-22 Pt-Ti0 19.6 73
Example 3-23 Pd-Ti0 19.9 80
Example 3-24 Ir-Ti0 19.3 78
Example 3-25 Ag-TiO 19.5 74
Example 3-26 Cu-T10 19.0 79
Example 3-27 Ru-TioO 20.0 76
Example 3-28 Rh-Ti0 19.8 78
Example 3-29 Pt-TiC 19.3 79
Example 3-30 P4-TicC 19.3 75
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Exanpl e 3-30Pd- Ti C19. 375 24 Exanple 3-31lr-Ti C19.577
Exanpl e 3-32Ag- Ti C19. 078 Exanpl e 3-33Cu-Ti C18. 974
Exanpl e 3-34Ru- Ti C18. 974 Exanpl e 3- 35Rh- Ti C18. 980
Exanpl e 3-36Pt - TaC19. 079 EXﬁan e 3-37Pd- TaCl19. 077
Exanpl e 3-38lr-TaCl9. 373 EXanpl e 3-39Ag- TaCl9. 274
Exanpl e 3-40Cu- TaC19. 278 Exanple 3-41Ru-TaCl9.175
| EExappt e B=APRh- TaCI9-T¥9 | ncr ease b%.-BNRm vas f dind
Efamphagnet3Z [recor dgnfifedi um di sh®si ng an 78
Exinael e | aye33 conposctieTwct h chém cals conpound under
Exdep LoCrP34H1|02 magaetric recofdingisayer. Simlan 5
rkeepld s yere [foundrhorigagnet|c recorsl ng predi upy
ERaMpNg oieg | nagnetLegEecording-Tayef. Each nagpetic
EXGROTIT TREJAYeT angy_gnder - rayer sfigw graniiar ;7
EQ&I&I’Z&’ UI§4381U a—t IIEI!I:IH?Q@[ I'C CT yblflg I 3 e g :i| llb-?gllUW

E 3 ilé' |3’ Ul. I d.g d..t. 6| 1 allg.,llb‘lll.l Mor © 4}]4J.U
g Iﬁﬁ Lall3_l %L tt—6- };a é haro—¢h-sk % ed f1 ﬂﬁ"&g;’?gll €
E£qpls 3"b"f;,q}rat es Wi £2Gr epar ba_ant t1aced the

B MR eturs oF | Exanp E‘_fl‘—:‘&lexceh t har- ohe—orjentalPon
E%‘Fﬂpﬁ)l%l —a4r?nr \Was %hQT@\gnd he \Annr\lg'Q] ft m i

under -1l ayer and grain d| aneter control layer. Then
~various magnetic recording nedia were obtained. As the

15 pidedAd 10N Qe kak Fayusa, rorNMhbhéds & aySEoM@Sng medium
deposited in 0.7 Pa Ar atnosphere preparing and using

dispb#ing argeirsie -l ayaddiddnpio,s iregmetthc chemardilngonmpdiad
having orientation control layer of MgO, N O MAI
undege tig CofrPtriN Ox mgpeetivergcondéngf hdyeEat effimilar

results were found for magnetic recording medium having other
magnetic recording-layer. Each magnetic recording-layer and
under-liayer show granular structure, and the magnetic
crystalline grains show essentially tetragonal arrangement.
(Example 4)

2.5 inch (about 6.4 ¢m) hard disk shaped nonmagnetic glass
substrates were prepared and traced the procedure of Example 3
except that one orientation control layer was disposed between
soft magnetic under-layer and grain diameter control layer. Then
various magnetic recording media were obtained. As the
orientation control layer, 5 nm NiAl-laver was deposited in 0.7
Pa Ar atmosphere preparing and using NiAl targets. In
addition, magnetic recording media having orientation control
layer of MgO, NiO, MnAl, Ge, Si, and TiN, respectively, are
fabricated.

Table 4 shows recording and reproducing characteristics

of each magnetic recording medium having CoCrPt-5i0; magnetic

recording—~layer and Pt--5i0, under-layer.
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20 Table 4 shows recording and reproduci ng
characteristics of each nagnetic recording nmedi um
having CoCrPt-Si Q2 magnetic recording-layer and
Pt--Si 02 under-layer. 25 [Egble 4] Orientation signal
to Half width Controlling noise ratio DPWO(nn) Under
IayerSNRn1(dB) Exanpl e 4-1nonel9. 877 Exanpl e
TaglgNu 20.576 Exanpl e 4-3wyQ20. 375 Exanpl e
4- ANi. (0. 076 ;%anp%pﬁﬁé;;hﬁl723%;%écégnhl é J ®Hﬂt
Exanpl e 4-71 1762 b 48P 'N20,476 As 3] |
Tabl e 4, SNR, QOﬁl&i'f@é%Je%gfu @ g iBosi %’ )
orientatian mdieﬁl ﬂﬁ‘%/rpr g ultis we f oun
Examplses Apdnetic rs dl ng T‘Pdl uni?m&u ng—o her 77
Exampichatiirér of uH8@¥Llav9r and ndlrdt i c 76
Exampkali #g3llayer . MEPhough he nr%%%r i nvention has |
Exemplashdwd land de¥éPibed with re@pdct tol best Hbde
Eeahpds nénby t her @Al it should ba%-3inder st ood b{/ t hos
Eskipled4rf lart thati the folegoi nd%ahd varlous 103 ot her
Eglmpiges 4 it he for@e and defail w®hbut departinf®from
ExfweplespidrBt| and s@éfe of the pred@nt invention 796
CLAIMS: 1. A magnetic recording nedium conprising:

As shown in Table 4, SNR, increases further by disposing
the orientation control layer. Similar results were found for
magnetic recording medium having other combination of
under-layer and magnetic recording-layer.

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.
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a substrate; an under-layer fornmed on the substrate; a
magneti c recordi ng-1ayer on the under-layer; and a
protective-layer forned on the nagnetic recording
| ayer, wherein the under-| r including a grain
di aneter 10 control layer conprises Cu crystalline
grains, and a deposited |ayer of nitrogen atons
CLA&ﬁgned on the grain dianeter control under-I|ayer
surface. 2. The magnetic recording nediumas set forth
inclaiml, 15 wherein the deposited |ayer of
nitrogen atons conprises nitrogen atons in a range
from 1x10 hta ateanik/ ealokaidy 1ddd ungt aenprdBEngn t he
average of areal density . 3. The magnetic recording
medaupvlstisdtef orth in claine 1 or 2, 20 wherein the
grain dianmeter control under-|ayer conprises 50 nmor
| ar §Rr B R dgesdi drePer e Er§ st HI55 ¢ Sdrai ns. 4. The
magnetic recording ;nedi ym as seHonr%%eEngnX . one, of
t he® pradddiitg "Sar M 9whaY &t ot e Graios “aitanet &r
cong r ol 4indarilaygle CONPELRES AP EHeCI Y84 id€ recording-
gralns orienting each (100) plane parallel to the
laysgpstrate surface. 5. The magnetic recordi ng nmedi um as
set forth in any one of the preceding clains, wherein
t hewhageiet i ther eqoed-hgyenyenclwhiprd segraagneéfapetS
grains at average areal density in a range from 1x1012
conbror A YRy CRRPESSER 104 X HFHidst MEnraang, adtyy @ deposited

crystalline grain of . the diameter contr,ol under-
Laygiblofs YA AGREE ] £OTRES Sifh  THn @ g AL DR Sh ST 0
una&r—1he magneti.c recording mediumas set forth in any

2. The magnetic recording medium as set forth in claim
1,

wherein the deposited laver of nitrogen atoms comprises
nitrogen atoms in a range from 1x10'? atoms/cm? to 1x10%°
atoms/cm’ on the average of areal density .

3. The magnetic recording medium as set forth in claims
1 or 2,

wherein the grain diameter control under-layer comprises
50 nm or larger average diameter Cu crystalline grains.

4. The magnetic recording medium as set forth in any
one of the preceding claims,

wherein the grain diameter control under-layer comprises
Cu crystalline grains orienting each (100) plane parallel to
the substrate surface.

5. The magnetic recording medium as set forth in any
one of the preceding claims,

wherein the magnetic recording-layer comprises magnetic

grains at average areal density in a range from 1x10%?
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5 one of the preceding clains, wherein the magnetic
recordi ng-1ayer conprises magnetic crystalline grains
arranged in a formof tetragonal lattice structure.

7. The magnetic recording mpdiumas set forth in any
one 10 of the preceding clains, wherein the magnetic
recording-layer conprises granular structure of

gragﬁgﬂgyl%ocﬁ¥§églékgfn r@#pﬁ %ﬂg gral ICPgryS #ﬁ ﬁraln of

regli ons encl osi ng” eac t'he magné
the 98 8iMSte8-cot@oTRAUARLLCT S @LPKH NG NRIYM Asgaetiforth
in any 15 one of the preceding clains, wherein the
cryfaghkine gredesdongal-ayete conpri ses nagnetic
crystalline grains of alloys selected fromthe group
conSi st i tiep meswenticakpgopflitp-1Grdi@o-aRt seFefPrthndn any
Fe-Pd, and grain boundary regi ons conposed of at
Onel%%s?hQnR¥@ﬁﬁdéEEe8 ft+8f t he 20 group conS|st|ng

IN id d
ool e Tl mRtaS Bl Lo Bt AL e BRPRRRER (faanet ic

cry@fé%%%ﬂé“bfélﬁ%”érrﬁﬁ é&'fhti“%d¥%9%%tké a?gﬁginﬂbttice

medi um conpri ses at [east one |nterne
strudelere | ayer di sposed between the nagnetlc 25
recordi ng-1ayer and the deposited |ayer of nitrogen
at ohs. Tk nEgeefragnetcordengrmBdigmed setasoseh fordidy one
in claim9, wherein the internedi ate under-1|ayer
of %Qﬁnﬂﬁ%ﬁﬁglég Féasks, one granul ar structured | ayer
ic 30 crystalline grains and grain

ri sin nonma ne
UM OO RESBRbF BT FECHICH JF Y28 CREPRoRRRGHETT HLar

| str&&ylfilealolfflopr%%ﬁg @E_QSCr%%‘l‘l%lTﬂ‘\}kerel nh‘ Caﬁﬁcg Jrﬁ‘goé{?r{jda‘{'?

as set I'n clai
regSSfdIcdidned ingt eLRRd) At €ndl m%ﬁjnét%eeryétgpﬂpﬁé se?%lns

nonmagnetic crystalline grains of a netal at |east

8. The magnetic recording medium as set forth in any
one of the preceding claims,

wherein the magnetic recording-layer comprises magnetic
crystalline grains of alloys selected from the group consisting
essentially of Co-Cr, Co-Pt, Fe-Pt and Fe-Pd, and grain
boundary regions composed of at least one selected from the
group consisting essentially of oxide and carbide.

9. The magnetic recording medium as set forth in any
one of the preceding claims,

wherein the magnetic recording medium comprises at least
cone intermediate under-layer disposed between the magnetic
recording-layer and the deposited layer of nitrogen atoms.

10. The magnetic recording medium as set forth in claim
9,

wherein the intermediate under-layer comprises at least
one granular structured layer comprising nonmagnetic

crystalline grains and grain boundary regions enclosing each of
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one selected fromthe group consisting essentially of

Pt, Pd, Ir, Ag, Cu, Ru and Rh, and the grain boundary

regions consisting of at | east one selected fromthe

group of oxide and nitrideyg 10 12. The magnetic

recordi ng nmediumas set forth in any one of the

precedi ng clains, wherein the nmagnetic recording

' cQnprise oft _magnetic under-Ilayer having

thegﬁg%ﬁgn%ﬁﬁgﬁ Eﬁgﬁggécﬁg?i%¥?%h§' di sposed between the

graip, di apgd Qﬁag%@"ktircolreléeggiﬁéq ayed: @dd et ¥3rth in claim

substrate. 13. The magnetic recordi ng nedi um as set
10,forth in any one of the preceding clains, wherein the

magnetic recordi ng medi um conprises a grain

or i ehe¢rptinrlcomnegiulandet rhayered avi gy mediggey under—layer

chem cal 20 conposition at |east one selected fromthe
COmBE oS dEHEIAsetd C es¥ehtt ity wrigsACE mhEptalyd Mot
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conprising: a process for formng a grain amet er
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substrate; a process for formng a deposited |ayer of
nitnide.ogen atons depositing nitrogen on the-grain
di aneter control under-layer 30 surface; and 29 a
protess fGre MHOHeHg Car ARGHINE nestordiasgSeay EProh 1heany

' sqgstrate havi n tEe,nitrogen-Iayer deposited grain
one Cﬁ)

ﬂgﬁéﬁrefﬁﬂﬂp | “GAd&?« | ayer. 15. The nethod for
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mag@t YIRS -layer having soft magnetic characteristics
disposed between the grain diameter control under-layer and the
substrate.

13. The magnetic recording medium as set foxrth in any
one of the preceding claims,

wherein the magnetic recording medium comprises a grain
orientation control under-layer having primary chemical
composition at least one selected from the group consisting
essentially of NiAl, MnAl, MgO, NiO, TiN, Si and Ge between the
grain diameter control under-layer and the soft magnetic under-—
layer.

14. A method for producing magnetic recording medium,
comprising:

a process for forming a grain diameter contrel layer
comprising Cu crystalline grains on a substrate;

a process for forming a deposited layer of nitrogen atoms

depositing nitrogen on the grain diameter control under-layer

surface; and
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areal density range from 1x1013 atons/cn2 to 1x1015
atons /cn2 on the grain dianeter control under-|ayer
surface at the process for formng a deposited |ayer
of nitrogen atons. 10 16. The nethod for producing
magneti c recording medium as set forth in clains 14
or 15, wherein the grain dianeter control under-|ayer

For e St The br acogd; kel Id SR LIROdI BUE 37 ere

subSORL O h NGRS thay 8k + ragehnt he,hd iddsagen ghomk & freter
deposited on the grain dianeter control under-I|ayer

constwf aoeleat-ltalyerpr ocess for form ng a deposited |ayer
of nitrogen atons 17. The nethod for producing
maghet i ¢ Teeoredihng edi prrdasingtndgratiid regeydone pedium
the clains 14 tqQ 16, 20 wherein the Cu crystalline

as 3R ifESF h&LGrR hidi aneter control under- 1 ayer
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18. The rrethod for produci ng nagnetic recordi ng nmedi um
the 29r#ich Shlande@kirh cont ebai wadsl- Mhgreistirfheemagneté @rocess
crystalline grains are arranged essentially in a form
for of oxmeitnrcagodi@ipolsateficeaser uek uridriogephetomagnet i ¢
recordi ng-l ayer plane at the process of formng. a )
maghet i ¢ Teedihingt FayeProducimy MESHchE§CPEFLNg medium

rooduci ng .magnet.i c cording nmedium 30 as set forth in
as §%§:%ﬂgjbfjkggaéwﬁi %&qF% 18, wherein the nagnetic

Cryﬁl’%@}éﬂrpethgsr %Jrﬁini Hiéﬁ&é@%diﬁl h&%%&dhgg%%g%!n&ﬁprising

are forned in an average area ensi t range
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for formng a nmagnetic recordi ng-layer. 20. A magnetic

forreooridiong amd inept adercé Nng-apparatmwsler-topprj Samd):the
nitrogen atoms are deposited on the grain diameter control
under-layer surface at the process for forming a deposited
layer of nitrogen atoms

17. The method for producing magnetic recording medium
as set forth in any one of the claims 14 to 16,

wherein the Cu crystalline grains of the grain diameter
contrcl under-layer orienting (100) planes of the crystalline
grains parallel to the substrate surface is formed at the
process for forming a grain diameter control layer.

18. The method for producing magnetic recording medium
as set forth in claim 17,

wherein the magnetic crystalline grains are arranged
essentially in a form of tetragonal lattice structure in the
magnetic recording-layer plane at the process of forming a
magnetic recording-layer.

19. The method for producing magnetic recording medium
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10 a magnetic recordi ng nmedi um conprising: a
substrate; an under-|layer forned on the substrate; a
magneti ¢ recordi ng-1ayer on the under-|layer; and a
protective-layer formed on fge magnetic

recordi ng-layer; wherein the under-|ayer conprising a
grain dianmeter 15 control under-layer conprising Cu

as SBYSEALLA NG, OIA) R3ARE Bnedeposid ed layel of nitrogen
atons fornmed on the grain dianeter contro

undehelayertha mepetdicng ryeda um sk i ytdihsreehankeSihgnetic

driving the nmagnetic recording nedium 20 a recording
recandingplakiciang Heanedetham saveraporadiead densbdtymtrorme

to_the,magnetic recordi ng. nmedi um and reproducing from
froppgxhRgnet 2 g fr EIPn%Xh‘géi GRS Wew ff iWihgrocess for

nmechani s riving the recording and reproducing
Forydn ;aa.%gﬁéiﬁf F§g8Fg?ﬂ%_ M T epr oduci ng si gna
proggssi ng »syst . pr ' r rdi [.gnal s
reprgducing ;ﬁgnatgfp2€§g%§%gg%egﬁg %g ongggggnééggratus’
compEPsDEYICi ng apparatus as set forth in claim 20,

wherein the recording and reproduci ng head nmechani sm
30 sompyneses: aasiongliegpokditreactbmprising:

a substrate;

an under-layer formed on the substrate;

a magnetic recording-layer on the under-layer; and

a protective-layer formed on the magnetic
recording-layer;

wherein the under-layer comprising a grain diameter
control under-layer comprising Cu crystalline grains and a
deposited layer of nitrogen atoms formed on the grain diameter
control under-layer,

a recording medium driving mechanism, driving the
magnetic recording medium;

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

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

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

21. A magnetic recording and reproducing apparatus as
set forth in claim 20,

wherein the recording and reproducing head mechanism

comprises a single pole head.




