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MAGNETI C RECORDI NG VEDI UM AND MAGNETI C- RECORDI NG

[
- recorsd.].ng densi

APPARATUS CROSS- REFERENCE TO, RELATED APPLICATIONS

“Thi's appllcatlon i's based ‘upon .and. clains the benefit

- of prlorlty fromthe prior Jaganese Patent Appllcatlon _
No. 2004- 090672, flled on March 25, 2004; 'the entire
-contents of “whi.ch ‘are i ncorporated herei n- by

THE I e -present- invention ates t
magnetic recordlng medi‘a .and magnetic recordlng
apparatus i'n which the- recordlng medi-a are. eqU|pped

RAGNERE MBS THond NIRRT 24 %éozzﬁ@%ﬁz;mws

CROSBAREFGRERCE 10 BREASEDC Apeeacdmengedi a havi.ng hi gh

~recording density and nmagnetic recordi ng appar at us

such aniBapgpl1idadisk €5iNLSed updh Ghd itelallnwwﬂﬂwetmeflt of
‘recording medi a are equi pped. .2. DESCRI PTI ON OF THE

. prEATER ARK the grioslaganess z(d-mAﬂs;ayﬁcbemNo 2004~ 090672,

expandi ng their application scope fromthe first

fdarsauiosr Maglcat e@d ,appbigatihen eht iver conseattbenf RMich are

appl i cations, such as hone video recorder and car

inaoryporg tedv hgatiion byy sederapplei.cat i ons as nmagneti c
recording systens for recording and rerproducing
informati on. The expansion-is due to .their advantage

of -hi gh data access speed and hi gh data st orage
BACKIGRIGUNDt PFaRdEs dNgBNITAOAddi ti on to their high

recordi ng capacity 25 performance with | ow cost.
1Re§JEL@n@ﬁt?HﬁoﬁNMBB§Iﬁ§V|ng | arger: recording

- capacity have been increased with the expansion of the

'HDD appFi REETORT s@ﬁ{%ltlﬂéblrﬁ%elsotf’ H&agféﬁ{%}q‘ afsiing media
| ar ge caga0|ty recordi ng technal o K has been advanced

apg Ipfﬁ%r.l% 5F A§C0ECEI G PP AEASTE y”b?’ tRBrdfhEprerding media are

T ecor di_ng. nedi a. VVth i ncreasin recordl de
| eHHéPRE&ngH‘ Padisiiaty RedMoMCHDBECHE hocRaR tp v ing high

Z2854ang; %9?ag %ﬂ&hﬁﬁ%ﬁ?%ecorglng apparatus such as hard

dlskdrlve51nwh1chthehlgh den51tyrecord1ngmed1aareequlpped

2. DESCRIPTION. OF THE RELATED ART
Harddiskdrives (HDDs) have been expanding their application
scope fromthe 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 rerproducing information. The expansion is due to

their advantage of high data access speed and high data storage

reliabilityandsoix1inaddition1x>theirhighrecordingcapacity
performance with low cost. Requirements/for HDDs having larger

recordlng capacity have been 1ncreased.w1th the expan31on.of the

vHDD appllcatlon scope. Replylng to the requlrements, large

7-capac1ty recordlng technology has been advanced by increasing
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. nagnetlzatloh reversal -units became very small."As the

result’, - decreasi ng phenomena of the recorded si gna

- nagnetlzatlon -and the - recordi ng and reproducing
- per formance caused by thermal 5, fluctuation were:

obvi ously appeared for the very small nagnetlzatlon‘

“reversal - units. Furthernore, noise signals which
- - reppeaingt dbAHAEr YT egbonsghetweeretoeal dyngchihs
"~ -became - ['arge ‘10 as a result -of decreasing recordlng o
- bits werh MRIneayTRId r6¢3Edingaensieynof tﬁem&i@tgeordlng- '
- influences upon the. signal:to noise ratio. For the
 mpdipose HODs tthienragotdi hhesibisglzescaaddi hg diemséters for the

it is required to obtain thermal stability of the

‘magnetdedtibgnaévensghatn ziat ibevaxie veeyhsmallands she result,

required to attain |1 ow noise 15 characteristics at

decgeasdéngrphenpnimms Dyt et reherdeteridrmidmagnetidat ivo and the

decrease magnetic recordi ng nedi um noi se, size of

- reggrdting @nﬁsraptpdgcgng|pgrégn@anggtpﬁgsed by thermal

recordi ng-l ayer have been nmade smaller up to now. For
féxngipRré lornyREE ebEigusdy| prPeayed Aerotheovery small
magnetic-| ayer of w dely used magnetic- recordi ng 20
magRrh IRaéOBCERY PRl $WHITS by FRE hﬁgmeﬁﬁwn%%%ml%fals which
Ta-or B (refer to Japanese Patent Lai d-.open

appBAKcati BANPAREY FETI0NS BRiyeen |¥?055653E8§36f9?905W& large

precipltali ng nonmagnetl c heat treatin
aﬁpBrBﬁ?FgFéIféﬁﬁﬁgﬁﬁﬁQQ(?%ﬁ%éa%%ggﬁﬁghggb apYeL tsmall size,

aga gggéaglsﬁe%%%ﬂa%llloagrs%l\bf%%c%&z %S%J%)glwanglg@al to noise

8t o BBy Eat Ay oty B0 R bl Sty ffng densiy,
ﬂ:hf fé@?ﬂ te'd t$ %%ra \QﬁaEhQERgie&aﬂﬂft{f oF ehy! ord:led signal

truct ayer nonnagne gral n poun

<58 RIS AP SRS Lt s ot

'éﬂQEééHéE?EtEEB Berhgph'FQCBBalggaa@hgﬁt r3§tehbla%her hand. -

gralnS (¢} € magne ayers are not
suffi fh%déﬁ%os&@@fééé@%a%%ﬁfﬂf %bﬂérﬁﬁﬁﬁ%é&ﬁhﬂlmo:@e, size

met hod of using under-1layers having small ér grain
o@llnﬁdﬁi{@iﬁ: Wagstalline 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 have been made small by adding small amount of Ta or B (refer

to Japanese Pateht Laild-open Applications Nos. HEI 11-154321 and

2003-338029), and by precipitating nonmagnetic Cr by heat treating

at appropriate temperature (refer to Japanese Patent Laid-open

Applications Nos. HEI 3-235218, and HEI 6-259764). Recently, a

- method for obtaining magnetic recording layer having so called

granular structure obtained by adding oxides such as SiOx to the

magnetic layer was applied. In the granular structured magnetic

layer, nonmagnetic grain boundary material encloses magnetic
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applied to obtain smaller magnetic crystalline grains.

(refer to Japanese  Patent Lai d-open Appllcatlons Nos..

_g_AEI '10- 92637, and- 2000-200410 for exanp! e): _
“addition to the met hods' descriped - 10 above. As the-
- crystalline grains in the under-|ayer are nade small,

however’,. there occurred a problem of decreaSIng t he g

 rystalling g aid oréent atd AmapsiagsRe Badhe Laid-open.

under-1ayer.” The decrease of - under-layer crystalline-

U spEd et iens. otaw.eamnfimegmes; Hpord A0 LS emEgnetic
~crystalline grains . as a decrease of ‘crystalline

ori éntsinen tlegs eemeahddthatrer astl emﬁﬂlcdﬂmea&ss mﬂklng the

‘overwite characteristics and signal to noise ratio - _
- mdghéeicenoysitalyl and gramoducithg sagnatierlayecs.siller and

SUWARY The present inventionis directed to give a

- a0 mcmrsufcfxm]sentprfmf eﬁpaTmrxw posth ofraims praageeftically, a

invention is to present a novel.magnetic recording

" methedmdfaus Aggexmeer ehey overvinying charldaregrsincdlameters was
“si'gnal to noise ratio iSNR) realizing a small 25°

anel g §e dhtdiansret lart hagregder ea¥shg LilHae grains (refer

crystalline orientatjon degree, .and a magneti.c

?%@@mw@eabﬁ‘é?ﬁ?J@Jéhrﬁﬁﬁiéépﬁltlﬁaﬂ:ﬁenﬁ d.Hr?gT 10-92637, and

medi um  The inventorsof the present |nvent|on have

0G0 WAL T X} | Ty AHRSL O hAPE BEENORS described

fol | owing interest finding. The agree S|n1Iar to the
f:layer and very small grain dianeters are

rqned L PECO Y TP i Ghet The “hdghe %"%ﬂféa?%? B s

%? %{J Iatfh%%:?tenggFaﬁ%%%ra%ﬂde go%r %I ns&&aé tg%yénarrxstalllne

grain. orlentatlon degree in the under—layer. The decrease of

under- layer crystalllne orlentatlon degree lnfluences upon the |

magnetlc crystalllne gralns as a decrease of crystalllne

orientation degree, and that results in decreases of overwrlte o

- characteristics and signal to noise ratio of the recording and

reproducing characteristics.

. SUMMARY

The present invention is directed to give a solution to the

- problem. The purpose of the present invention is to present a
-novel magnetic recording medium having excellent overwrite

'characterlstlcs and signal to noise ratio {SNR) reallzlng a small

average graln diameter Wlthout decreasing the crystalllne

orlentatlon_degree, and a magnetLC-recordrng apparatus equipped

. with the recording medium.’

The inventors of thepresent inventionhaveperformedvarious



_-eor mor e and orlented their (100) planes paralla
the substrate surface. After per form ng- further.'

detail ed work for. the: finding, the inventors

~~ conpleted the present i'nventign.: 10 The: nagnetlc
_.recordi ng -nmedi um of 't he present i nvent.ion conprises: a
~substrate,. a |large grain dianeter under-|ayer fornmed:

. cap 1o ngbsEkatand AavRIGEt ithe €oQldiniggl aueéregttmdlng_ The .
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_Wﬂ@ﬁﬁf
O BPHS gnd gpig

o under-|ayer, a protecting layer formed on-the magnetic. =
-ﬂmmdﬂm@I@thaygbpddmysﬁaﬁinatyagnomammﬂnﬂauﬂuEMegages1m11ar

conprising crystal l'ine grai-ns 15 of at |east one-

teeltbet adderelmybe gnduperpnsmall rgraEss etitanedtl - sofar@u ,real ized

'Ni, Rh and Pt, having average grain diameter d0.of do

JﬁmrEﬁénagnahdcamwsma&ﬂgneyxﬁlqﬁan@@aﬁagﬂﬁt;paeqerdlng1ayer,'
~parallel tothe substrate surface. The crystalline
wiesi the Bagnatic a:egerg}mml@ﬁrerreﬁefowdmde? tayeralline gralns

haV|ng broader flat surface at atomc |evel are
Pyer ekpeti fbint Bh pESRIF thawingyaviegagendiameter of 50 nm
desirabl e ‘avera ain diameter of the crystalline

ﬁgﬁiﬂ tI%’éﬂ”g‘”er( 108ndrlapee RieA gl &° the substrate
di aneter is 100 nm or Iarg T4 A single crystal

SHEHARS -noP G el ReBdaadny Tarthex det A ERFE. Ofst%élndmeh

ystalline graing of th rai,n _di ameter
Che S b eny BEsdrahgletrdn rhet Briashtioyast iona

f The . d b t
L R L T e

oPRERIRg %g’r‘%&t&%eﬁ”%tﬂ%%? SR b r B iffetial &l fornea

EVEHQ'JQ 4}% ft'el,m S 1@8@1 Sré’]c:po Si l%#r%%t {;:M ﬁ“\/eeﬂndgr—layer,

aving a certain rou | mcan
SpepLebientiea %??nf%tﬁ%% surﬁﬁéﬂ@&ﬁ?@ﬁr&lﬁ{é Yeyer, the

ers can al ned

-lEQg%n FQni 814 éﬂe rﬁﬁﬁéﬁuiéybssﬁgﬂﬁﬁgé_ YA 1ine gralns

ayers havi ng

'oFaéﬂelgéétnonQ'Q@féé%e@ffﬁghrﬁﬁé” ﬂHHﬁ%cdﬂ§ﬂ§E¥ﬁg‘é%sentlally, |

he procedure previously used to obtain small grain

o aFRL &g s, ﬁtﬁ‘%d@cﬁ@n'zﬁ.ﬂ}ﬂf rae%fazgéﬂggraslrmldlag@é} d. of d. =z

dianmeters’is not clear at present i's consi dered
50 nm, and orienting (100) planes of the grains parallel to the

substrate surface.

The crystalline grains of the large grain diameter

'underlayer having broader flat surface at atomic level are
- desirable. Experimental results show that the desirable average

‘grain diameter of the crystalline grains is 50 nm or larger, and

more desirable diameter is 100 nm or larger. A single crystal
film having no grain boundary is further desirable.

The crystalline grains of the large grain diameter

. under-layer are desirable to have broader flat surfaces. The

desirable average grain diameter is 50 nm or larger than 50 nm.

"Theaveragegraindiametarof100nmerlargerisfu:therdesirable.
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10 that ‘the |nprovenent of the recordlng and

. reproducing characteristics-of the recordlng nedla

according to the present - invention seens to-be.
obt ai ned ‘partially by an i mpr ayvenent of the ‘total
_f|In1fIatness i ncluding protective layer due to .the
~excel l'ent -~ under-layer crystalinity.- Furthermore, the

A@ReLé 617 €L diiNe R Pid §dH S h BdundpRY B8 McRholeeies 1rable'_.'
present i-nvention conprises themagnetic recording: '

403725 )1 mmﬂﬁcimﬁmﬂmy@isalcmecé@rf&lmgemi&dyumém lh\alvﬁglg a.certaln o
“‘'mechani sm  driving the magnetic recording nedi-.um a - ‘

degnered biigranghneps poties g Inhead bhechanilshle etendthg £ilm has
information to the magnetic recording 20 mediumand '
Treapgyeo draicng.ofr ofi the ramgnetir facesotiahgf onedi ting Enlm%uhrface;
driving nechanism driving the recording and

repro&hﬂpﬁpﬂﬁnkuamdntaonesmaﬂmmpt&nﬁstxn@becaugesmallgraln

~ signal processing system processing recording

diagiediey sanain bspebtiacied byl gaang unisy paresathamnenl poge grain
rovi des a novel neans for obtaining 25 magnetic ‘
eﬁavrfnéov@ﬁw%mne:nﬁ@ﬁéﬂf@émysﬂa@mﬂr@eg:hhm@revmusly _
and magnetic recording nedia for high density
W%Fﬁl%%?lﬁglléé@e‘m dARMEEEIERr i t BN FeChendsise @allzmg
and _i ncreased signal to noise BRI EF DESCRI PTI-ONOF THE
SERAN e Cp RehHReer R dor BPhoC hedT ik é’é@@@éﬁtng FB -"a‘~T*1 considered

SRR Toet et Sl B o ebiylog s

elaP PR FA oFoftS s el EheBofBAFELIS cho prosenc
et l%ﬁ%%%ﬁ%ltqé (PR el 30b7 i drfodeneh of che
M b Al KB mcenins
uhﬁ%rﬂi%?%%oEﬁ&sE%ﬁ ng%yfor the tetragonal |attice :

ruc u
Furthermore, the magnetlc recordlng and reproduc1ng .

apéafatusofthepresent1nvent10ncomprlsesthemagnetlcrecordlng:'
mediﬁm described above, a recording medium driving mechanism,
drivingthemagneﬁicrecordingmedium,arecordingandreprbducing
head mechanism, recordiﬂg information to the magnetic recording
medium and reproducing from the magnetic recording medium, a head

driving méchanism, driving the recording and reproducing head and

a recording and reproducing signal processing system, processing

recording signals and reproducing signals.

The present invention provides a novel means for obtaining

~magnetic layer having very small magnetic crystalline:grains and

magnetic recording media for high'density.recording:having

" excellent overwrite characteristics and increased signal to noise

ratio.



’ff*FIG. 4 |s a. schenatlcally shomn cross section V|em10f

~ ‘a-maghetic recording nedi umconprising an orientation.
- ccontrol . ‘under-layer according to an enbodiment of the:
‘present invention. a schematigally shown cross section
view of a magnetic recording medi um having an- '

';fjlnternedlate under -1 ayer accordlng t.o ‘an enbodlnent ofp_ _
" the present -invention. Filg. 6 is a schematically shown -

~_cross section view of a  nmagnetic¢ recording nmedium

;:fﬁRmHFupﬂscﬂjFTjﬂnﬂﬂﬂITHEMDRﬂWﬂNEEer 20 according to an’ p

enbodi nent of - the present invention. Fig. 7 is a

" schematiigcalll y.sshowehemass caddtyi shownewrefssa sevagoet vd.ew of a.

. recording medi um havi ng a‘ bi-asing |ayer fora soft
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- megreEt icrecordiag apdiumecurdidigigt oo an eanifoatiimegTit o Hthe present

the present invention. Fig. 8 is a schematically shown

obrérmjuensd ew of a magnetic . 25 recordi ng appar at us

accordi ng to an enbodi ment of the present invention
showi rfgq heZ2 cighstsahananianl ashpuh| in pdane ngev laf a magnetic
Fig. 9 is a graph showing the relation between the

' léﬁﬁé?l%@g@% laerekonR TRIRAHLE ﬁ"éaQRF'é}Wq figdium showing magnetlc

characteristics of Exanple 1. 10 is a grap
YA it FTEIDS AT Ise9Rsed-t Ff’e ffmof morﬁ Lagapgen, 1attlce

- carbon, nitrogen, sulfur andthe overw i

1L agCoxd ingy teyapppRbediment Oﬁltli‘% pjregereo{'tth invention.

- 5“8%“;'”- : 8 S o i H Sl e S B0y e, Pl pateern
NR Exa > .
£ SRP e Rt R tioe L6 O kRntalbal RPN 48 diificture.

and t@%ﬁRV%r%gl%?s% %&%%H%%hﬁFl%%o&%rcroégnyé%tion view of a
magnetic recording medium comprising an orientation control
under layer according'to an embodiment of thejpresent invention.

' 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 schematically shown cross section view of a
magnetic recordingmediumhavingabiasing layer forasoftmagnetic
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 ShOWlng the construction by partially removing the

- Fig. 9 is a graph showing the relation between the average

diameter of Cu and the overwrite characteristics of Exampie 1.
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. DETAI LED DESCRI PTI ON Her ei naft er, enbodi ments of the

present invention wiil|l be described in detail with
‘reference to the drawings. Fig. 1 is aschemtically
“shown cross section view of a7nagnet|c recording
nedlun1accord|ng to-an enbodi nent of the present .
invention. A large grain dianeter underlayer 12a of at

_”!_IeaStFQqe §e|ﬁ§kﬁ@rb@mnsﬁlehh B, ré&mtf&nlheunggn)_ tofalnf
~ona substrate 11'as shown'in Fig. 1. In the large Ho ..

piraioE b&yQEan&arbbmstahhmDQengraunfuarandrthete@exwmhte
t hat - each (100) plane is parallel to the 20 pl ane of -

"_cmheauméensh3¢srioanﬂxam@ﬂagé di-aneter of the grains

are 50 nmor nore. A magnetic recording layer 14 is

di spo¥ég .ol tilsea drampgesruiingl dyerel2d icandetween the average -
‘protective layer 15 is fornmed on the nagnetic
nugberdpAgnagyet iq £ryriaHempoogaias| DBFi tEmre asﬁe;rtﬂrmter and .
shown in the figure is fornmed on the protective |ayer

the SMR [Eor Erampdepdse of promoting the growth of the -

crystalline grains in the large grain di angter ' _

under Fiigye}2 1Faa quapls §HOVARTE R e 15t Indabetveghehe average

hefore the depositiqgn, in the m dst qf th%ﬁdep05|t|% _

daAmetes; ofniddpGEriroATy thec SYEAMF 1tehelpgarter istics for

treatnent can be executed in a reducing gas atnosphere’
§S4hydrogen gas if necessary. absorption is

allowable. In this case, a small anount of hydrogen

The large grain dianmeter under-layer 12a having

| D%ﬁ%iﬁ@b' DRSCRIEIRICS | on' T dec s bl because ! he

orlenpa Ke“Traghet | ¢ T ecor ayer

o g%%fd 9% %%Qﬁag, iR l%%f%\f%ln]lé%t ed tmeam%‘mgs

tion net periment a results show that

under - ?%erag£ %eaéﬁﬁo&h gnes 1 gmpgggggh% lq%entlon.Will be

~very sigll qgnain gbflgﬁh%ﬁ_c‘ﬂﬁi Ogh@hﬁe@rfo%rs R tiGn view of a

magneti recor din ayer when“t he | ar ge gr ain di amet er
mlé%%rtllcar)’&fordlng mediumaccording to an embodlment of the present’

llnventlon_. A large graln_dlameter underlayer 12a of at least o

one Sel_ected from Cu, Ni, Rh, and Pt is disposed on a substrate
1'1 as .showh in Fig. 1. In the large grain layer 12a, cryétallihe
grains are oriented such that each (100) plane is parallel to the
plane of the under;layer, arnd average diameter of the graihs' are
50_ nm or more. A magnetic recording layer 14 is disposed on the

large grain layer 12a, and a protective layer 15 is formed on the

‘magnetic recording layer 14. Furthermore, a lubricant layer not

shown in the figure is formed on the protective layer 15.
For the purpose of promoting the growth of the crystalline

grains in the large grain diameter under-layer 12a, the substrate

‘can be heat-treated before the depos_ition, in the midst of the

deposition or after the deposition if necessary. The heat



__.'_con'prlsed Cu, Rh or N cryst alli he graifs

“orientedwith (100) crystal = ‘plane. The nagnetic:

crystall|ne grai ns. havi ng average grain dlaneterIOf

20 nmor less are desirable fa- obtalnlng hi gher - 15:

SNR;  and the magnetic crystalllne grai ns haV|ng an

'Vaverage di amet er range ' from 7 t'o 2 nm are nore

- e el e .cathdre telxeca\tedaga agra«incdngn@aeraﬂﬁosﬂﬂéere such as.

20

25

5% PR, AR By

~magneti ¢ crystalllne grains -i's above 20 'nm the SNR . SR
.. liptrepmegas ifutstersant ., 5n¢hﬂ&ma$he&amak@&mguatDfhydrogen.f
. -diraneter of the magnetic crystalline grains is less '
- abeorption 20 allewedlldd uct uation durability

detrioration is substantial. For magnetic recordlng
nedi uilitadprge dtdine dbpmeteT iygldenvdgyeri t2a lhayeng, crystalllne
either one of the layers is required to have the

_-%Fétrlé?g'l@s 4N SRy CriStak Frleﬂﬁ’@é? 888 Y I adisel EO aFé‘»rlreCtlon is .
. |ncrea5|ng grain growh of_the large grain dianeter
' ﬁ?@?seéﬁﬁb

RRde¥-tareoAnchearsgerhe Afgnelirparticle

- at,ons cqnt ai ned -as possi ble. The total ampunt of |ess

A6 1006 b NeIREe LT ABFAraingday6Es (Mg PELCHeR ion degree
m mor. e abl e.. The t hese. a in
%Daﬁb beh 48 aﬁgﬁ-ﬁ e et AL s S0, BeERat  aBpp S jnental

n, he eval léﬁ el ectron

| : sgfééré?fﬁ'f;%g%‘bep"y e ppaipg for the
m%é%l?&%f?%—@%%}lq Fagl JRenshe ﬁf‘a{rﬁeeeﬁ%g%ét oSy ypgr-1aver
R sES o). &b [ P rag&g%mg%@m%@ . anegaat%xa%% crystal

arnn
Iﬂ%ql%r-l ayer form ng plural nunber of crystalline
grains on average on a crystalline grain of the graln _

di amekgfe ‘fﬁljl{é:ﬂlcﬂber SEY1BTRE! E‘Egﬂ%t G vG S Rl d grain

grains in the nagnetic recordi ng [ ayer 14 are for

- diinfRide Of HHIM0 JArNSs Hr A &@sif&ﬁ@@s%grsblgtalliﬁnq hlgher

SNR decreases when the average ar eal densi t
SNR, - and the magnetlc crystalllne grains hav1ng an average

dlameter range from7to2nm ar_e moredesirable. Whenthe average

grain diameter of the magnetic'crystalline grains is above 20

nm, the SNR decrease is substantial, and when the average grain

diameter ef the magnetic crYstalline grains is less than 2 nm,
thermal fluctuation durability detrioration is substantial.
Formagneticrecordingmediumhavingdoubleornmltiplemagnetic
layeré, either one of the layers is required to have the average
diameter in the range described above.

For increasing grain growth of the large grain diameter

under-~-layer, amount of carbon, nitrogen, and sulfur atoms contained

in the large grain diameter under-layer are desirable to be as small

~as possible. The total amount of less than 10,000 ppm is desirable,

and less than 1,000 ppm is more desirable. The amount of these atoms



- of the nagnetlc crystalllne gralns i's Iess ‘than 1x1012
i_gralns/cnﬁ ~and al so when the average areal . denS|ty

i's above:8x1012 grains./cn. Experlnental results of
‘the present inventors showtha the nagnetlc
crystal l.ine grain arrangenent essentially in an

“ordered- structure of -tetragonal-lattice is desirable

L d)aﬁL‘Bé&@valdﬁté&bb&j&ad@ielelef:tfeﬁCﬁphdtgrosndapyepAM}J@rngecondary_. |
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ayen K3ect AVRIEHE e SHk daiedi s of tdeuma

- characteristics can be substantially'reduced conpared
ﬂmnImagmes@eeerbecoﬂySQSINSfuifan'mam@@ﬁent ‘Fig. 2 -

‘schematically shows a structure having a tetragonal S
ar r angemenergf smahhehignedriyst ay btad Lgnai grsa in s it hheZIGigneth_ _

. magnetic recording |ayer of the magnetic recording:
- M aeing hayeenbddrmentt oafech e rpregsicie @fnﬂemngnlarge graln'

Tetragonal lattice structure arrangenent of magnetic

- trameker nndegrdiayerifofming plagivet nempegsridr rgstajéine grains

14 can be eval uatedby image processing and anal ysis

Wt aveRgR 98 ot W Heakbineina it ofcbpe 9uEip didieers control

for the |ayer plane of the nmagnetic recordlnq:la yer

Fourier transformation of a binary figure obtained by

. grRkRRSihE heonegast 161 repRrd ingulay ebr hdiepi Eange from 1x10™

crystallipne gra|n§21 and grai h boundary reglons usi ng
W%%ﬁ@“pr‘&@g@l ng Wn%ﬁﬁp yAhfevitapte. f9heobtalning

TR AT a{“h?%iﬂ%raﬁ?#??c% ol FH 47Erb0eWahens ey

Sl oy e

FhgLRathatythe At nd'en 1 Bret i lein b e o R s g eprpins /on’
1 1/ Va ﬁﬂ]&ngali 21%&11.95 8-+ - ﬁ%é@ﬂ@rlnﬁ%@t&%'%w that

can be ‘perfornmed using Tow energy Electron dif

ﬁcﬁe@‘iﬁa ti@ é sPRINEhECGLEG R Q&:Q’ing@-ﬁ‘(ﬁarn@%sentlally in an
anal yzing t - ffractlon 10 patterns. As shown in

d:rdbréd @Hr@ét@féaéf‘}ﬂeﬁﬁﬂébﬁlaluﬂ.@@&ﬁ:ﬂc@@rs WRhidfgle because.

~increasing (100) plane oriéntation of the crystalline
. tH@hBSse level of recording and reproducing characteristics can

| be substantially reduced compared with the case for disordered

arrangement. Fig. 2 schematically shows a structure having a

tetragonal arrangement of magnetic crystalline grains 1 in the

magnetic recording layer of the magnetic recording medium in an

embodiment of the present invention.

Tetragonal lattice structure arrangement of magnetic
crystalline grains 1 of the magnetic recording layer 14 can,be_
evaluatedby imageprocessingandanalysisof transmissionelectron

mlcroscope (TEM) flgurers for the layer plane of the magnetlc

- recording layer 14. A spectrum can be obtalned as. a result of

a fast Fourier transformation of a binary f-igure obtained by

increasingcontrastofthefigureformagneticcrystallinegrains

gyt ig fcagztstalllne e



in the large. graln dlaneter under-layer 12a is

-desirable to. be: dlsposed bet ween t he: substrate 11 and
- large grain dianeter 15 under -} ayer 12a. For theu
~ practical- naterlal for ori.ent agi on control
“under -1 ayer 12b, ‘| east. one sel ected fromthe. group
‘consi-sting. essentlaliy of NiAl; MA, MO, N O TiN,.

' "1S|ancan@lr&nclaﬁubaaugedegﬁhe urslrefgt atri mnnm]tgsmcessmg and

10

under-layer. 12b need not .be di sposed 20 directly
aauh:apﬂuhgt@ofhearar geTige ahagdeaiet eryumaéflﬂraa/ejrames can be
It is desirable that crystalline grains of the -

: mgaerrdaﬂ itenhaverdn ak-rangemdndyef ttrdgoraih Yat0l)ce structure

ori entation, because higher orientation degree of -Cu,

digemtially m;kmraplartrtergnsaaﬁsslntnwnlw Fargge3 cpmibe recognized .

di aneter under-1layer 12a can be obtained.. 25 In this

- Reagticaller uherageamgem@nércanybeappnﬁergneﬁ kY fgnding two
~orientation control under-|ayer 12b are desirable’

THRQURRE 1l byRP e Ahaings RRVII N IRt® &f the distances

pronot ed. The desirable average dlaneter of the grains
Yo goe neewker atget : LANA the atst R:/des] ﬂ-@bIFégavér)a»geSlmllar

di ameter of the grains is 100 nm sin Ie crystal f.il

.'E}Vﬁr]f%tﬁb“ gRgihe B%ﬁﬁﬂ’é‘i‘?dl%%%‘“i’rﬁp@ gastt ‘F’éonﬁv’réﬁra"tlon

;'fl|ﬂ]ls uneven at_.a certai n degree, the film

R HNBBRINFE dETNREOY HE YR ARASIRLYFNG 506 G fsract ion

' teﬂhace surfaces that formthe filmsurface. For the

*recording nedium of the present invention, a

: magne ecordi Ia er_ 14 havi.n r.any
Struc%ﬁr%hogn:ﬂé éb ézu*ﬁglﬁntﬁadﬁngfgngrai under-layer 12b

f%‘}”'i‘ﬂ?%aéiﬂ' ?GP E%egéigﬂggﬁég&ﬁ%gé llﬁ‘%ecfl%élbglllne grains

magnetic rec ayer ase 1n

trf‘%h%xﬁ'?a %egggﬁﬁr&%hgﬁe?eﬁ%&é{’ Eﬁ?@isi%gﬁ%##ﬁe to be

gral ns an S an.I ncrease tn

 .'Jfgpééga'Bgﬁwﬂéd3ﬂH@”EHEsQ&a&%VQQ %ﬁd large grain diameter
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under layer 12a.

‘For the practical'ﬁaterial for orieﬁtation control
under-layer 12b, at least one Selected_from‘the group consisting
esseﬁtially of NiAal, MnAl, MgO, NioO, TiN,.Si, and Ge can be used.
The orientation eontrol uuder—layer 12b need not be disposed
directly adjacent to the large grain diameter under-layer léa.

It is desirable that crystalline grains of the orientation

-controlunder—lajer12blmve@1(100)orientation,becausehigher
~orientation degree of Cu, Rh, or Ni crystalline grains in the large

_graiu diameter under-layer 12a can be obtained.

In this case, larger average diameter crystalline grains

eof orientation control under- layer 12b are desirable because

o the growth of the Cu, Rh or Nigrains is promoted. ‘The desirable

' average diameter_of the grains is 50 nm or larger, and the more



%'_dlsordered aIons such as Co Cr and Co- Pt' brdeféd 
“al l'oys such "as Fe-Pt, Co-Pt and Fe-Pd, and rulti -
.l ayered f|In1nater|aIs such 15-as Cb/Pt and Co/ Pd can

‘be desirably used. These alloys and nulti-layered -
filmmterials are desirable for their high thermal

“fluctuation -durability becalse these materials: have

' -d@s@h‘ab@.ﬂeyatr@kbg@edﬁme ATy tﬁﬂeggalné/ﬁgmatOIOCnm or.larger. A
_properties-of these: alloy-and nulti-tayered materials -

'-L.gzmqHgbrymuanﬂlbhaaddgngognmfnBauaddryunﬁmmﬂmmeneges1rable.'
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| agReNeii S HRRANH B | AERT ak

- OEEIAL SEATE
o s o e (R Fﬁtﬁé?nﬁfﬁt‘gﬁ' bl $dgfleic
t f
3 %151;@];{ ’?:eang%ae”b%e%ndﬁ\%ggs apalmbr erlR§1 s éaﬁ%’

" such as Cu; B, and Cr. as necessary. The nmagneti.c

WhesotHée rfgﬂlmysruﬂdveﬁaatb@ ceoialien ‘deguee priche Gilmoie available
-multi-layer structure. In these structures, the -
padwaktesigehat thieef gimhalsalaxge deagtd ooapt b@r@rl@pau exifaces that

~ when at- | east one-of the multi-layers is granular. 25
- Emgrms Rdnen fildnFisgrfacean i nt er nedi ate under-1 ayer 12c

for controlling characteristics of netic recording
| ayer Fox %m@an@éwrwwr@%@@%umrgtb?ﬁ%ﬁent invention,
orientation degree can be |¢Proved by us 12 a
t%%v+ﬂge?n%8?gPéar structure is
under-layer 12c. The recordi ng, and reproducin _
Tadtl i sihSs NOIan hit e3E-YD bYORREA HpLGgegns oFf the

crystal orientation degree in spaller e.grain
(ﬁhﬁmﬂ?%ﬁe %,ﬁegaag g l%ge{hé4 causes

desi rafl e begause Lhay sow,geaf haltice BBLENIRY 1dyer 14,

Wi th nagnetlc crys I'ne gral ns e nmagnetic

drl%%(?crcfjéflgj ya"‘}tﬁecfys s 'C%eg:ragﬂ}ﬁec@ngtt heYa&A alloys such

Al nprove cCr orientation egree

as Fe-Pt, Co-Pt and Fe-Pd, and.multl 1ayered fllnlmaterlals such
as Co/Pt and Co/Pd can be de51rably used. These alloys‘and.

'multi—layeredfilmmateriaisaredesirablefortheirhighthermai

fluctuaﬁion durability because these materials have high
crystalline anisotropy energy. Magnetic properties of these
alloy andmulti-layered materials can be improved by adding some
additive elements such as Cu, B, and Cr as necessary.

The magnetic recording layer 14 can be double structure

or more multi-layer structure. In these structures, the

advantage of the granular structure can be obtained when at least -
one of the multi-layers is granular.

As shown in Fig. 5, an intermediate under-layer 12c for
controlling characteristics of magnetic recording.layex'14 can.
be desirabiy disposed.'< | |

The crystal orientation'degree can be improved by usihg '



Of-nagneiic'cfysfailine'grains'Of'fhe'nagnétic_f'
recordi ng | ayer -14. As. the: naterlals of the
intermedi ate under-| ayer- 12¢ for 15 conposing graln

"~ boundary regi-ons of ‘the granuhgr structure, chenical

conpounds such as. oxides, nitrides and carbides are

desirabl-e. These: conpounds are suitabl:e for conposing =
 gg@anulbeusthanyt i egd AQny dreasugte ihegraediat of ide B0l ager 12c.

solution with the materials:for formng the nagnetic

Ty stealdridien gy aaldnsel_aﬂodeednlgbehiaahoxzeraed1t:lse<yan de imcreased _

:'.separated easily. Conpounds - such as Si'QO, TiOx; CrCx,
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WY Bhe Ny@rovEaDGrySited, ofi Gt Mon dekee ORI 16N to the

and TaCx can-be cited as materials for formng the
smal her bavedags gegunn51zéhanmaﬁmmhie¥cgrﬁnaniamgter
the under-layer can include nmagnetic el enent when the

Adigleribayeeni s nonmagnetic 25 as the whole. Wen the

magneti ¢ recordi ng medium of ‘the present invention is

appl | dPrasthe MW%ELWCﬁﬁgﬁéﬂﬂénﬁe@@ﬁ@m@]ﬁ'ﬁe&%nﬁhe ' _
a soft _magnetic under-layer 16 can be di sposed -
%ﬁﬁ%ﬁﬂ#ﬁ%%%el%@%%rglﬁYﬁrd 3ﬁeﬁEPW&ﬁdeHrﬁéyéﬁ11§§¥%ﬁ$urer Pt,

' the substrate 11 as shown in Fig 0Si ng

Bt £ melhetie BRaend Bper£an SHatEle nagndt ESfeecorfahtﬁ@e metal -
nmedi um_descri hed, abpoye,, so-cal | pendi c
R e doRb AR e | RSCATas b 8 1o gogﬁffattlce matching

tial function o

der -1
s ”@%bﬁeﬁiﬁﬁwgf@m.gpﬁg%égﬂia{fte naafeetﬁ&uﬁ%%ommq layer

h f d. f |
f&é%%ﬁ%‘f & AP oTRS ﬁfﬁbﬁagrhlwﬁég%ar% LoBPERyRERSn degree
e LyLaA9 1 IRENER, h RS cgﬁ‘%ﬁgtfﬁ e %éfecordmg layer

fy_sposed in the magnetic recording

As‘theznaterials of-the-intermediate under-layer 12c for

dcomp051ng graln boundary reglons of the granular structure,

: chemlcal compounds such as ox1des, nltrldes and carbldes are

desirable. These compounds are sultable-for composrng grain
boundary regions becnuse they do not form solid solution with
the materials for forming the magnetic crystalline grains
described above and they‘can be separated easily. Compounds
such as Si0y, TiO4, CrOx, AlO., MgO,, TaOy, SiNy, TiNy, AlN,, TalNy
SiCy, T:'L'Cx'and TaCy ca'n be cited as materials for forming tho grain
boundary regions. The materials constructing the under-layer
can inclndelnagnetic element when the under-layer is nonmagnetic
as the wholo. .

~ When the magnetic récording'medium of the present invention
isdépplied as_a-perpendicular magnetic_recording'medium, a soft

magnetic‘ﬁnder—layer 16'can be disposed between the large grain



'nediunrpiayS a rol-e for obt aini ng a_shafp and |

- suffici ent. -perpendicular magnetic fiel d with

sufficient magnitude, and for - increasing the.

'_recordlng and- r epr oduci ng eff1§|ency CoZr Nb; FeS|N,
" FeTaC, CoTaC, Ni.Fe, Fe, FeCoB, FeCoN and FeTaN .can be

cited as the soft magnetic under-|ayer 16, for

| a0%AERLe. ufBcshouekn] Phgand, the hivisingatayer o stmwibein Fig.
- di-sposed between the soft magnetic Iayer 16 and the

- gsubstrate 11 :as the b1a3|ng l.ayer in plane hard : -

~magnet filmand antiferromagnetic filmand soon can

be applispds iNggties iso fdommignetaceiedest+layer fedig0he magnetic
the soft magneti c under-1ayer 16, and the magnetic . -
r@@m&uﬂngwmbbsumndesersbemedhdme,n@D&@alIHd'D@ﬂmﬁndy¢Ular

~of rmagnetic domains can be avoi ded by applying.a -
- deagriet-ilaviireldd med iome isadioals tdiucsedi-onThef sehe BRIBEEEC

| ayer 17 and appl ying b|a5|ng field to the soft

- umsignetliayeomdér pllayen praddalofuned ismasing magdetir head of
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95

- LRGSO RRIRPELS @@giﬁratlééfe

_protectlv

FeRASLLRRR @J‘?‘GQ% 3 yl_sx{e dese Ha%%@t%@%er%é&ﬂlG . for example.

The biasing 25 layer 17 can be a nultl-lagered
rsturEtmgemABRREAENEL Y didRa B PYa NSOt PEPYAF P EI RRIRGELC field
-avoid formation of large magneti c dongj .
freemed isdinglsy PedRdigar DRA§ lflﬁehfbﬂa%q"hgaal]axf&hr%&& fppe magnetic
RO PGORR L  A B BP0 b RS PEDGIATRR A fiead . Therefore,
CoCrPt O Si 02 c¢can. be ci.ted. bstrates oxi d '
e oS rRbErE i PR heE 15 coraing

be .used _for the subs 11 .These i.nor aanldc suffi

- IS RIQYSpPatted i lfnc}lnge)?ar%iar GRS e dcient

d ub L
S Y S, v
t
nﬁa'rlb@nec ¥ Hbr N A, serddie A useéyfeé‘%irer |
et erigy l\ﬁ} N’ﬁ"eS%'A ) F%‘]I%CCNEO%%@: bgirel tfd, a}?eébﬁ FeCoN and

ayer ‘erial As t'he net hod’ f .

evapor ati on net , every kind of sputtering net hod

mol eculArhRANERI L axygetNods boAs bRgM ayapoNat icem be disposed
nethod | 'aser

between the soft magnetic layer 16 and the substrate 11 as the
biasing layer in plane hard magnet film and antiferromagnetic

filmand sooncanbe applied. Magnetic domains are easily formed

in the soft magnetic under-layer 16, and the magnetic domain

walls induce spike likenoise. The formationofmagnetic domains

canbe avoided by applying amagnetic fieldinoneradialdirection

of the biasing layer 17 and applying biasing field to the soft

magnetic under-layer placedonthebiasing layer17. The biasing

‘layer 17 can be a multi-layered structure with finely dispersed

- anisotropy fields to avoid formation of large magnetic domains.

As thematerial for constructing thebiasing layer, CoCrPt,

CoCrPtB, CoCrPtTa, CoCrPtTaNd, CoSm, CoPt, fFePt, CoPt0O, CoPtCroO,
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abr asion method and cheni cal vapor dep03|t| oh met hod L
can be used. Fig. 8 is.oblique.view of a ragnetic - =
recordi ng apparatus according to an enbodi-ment. -of - the

- present invention schematically shovm ng the: -
- construction by partially renpving covers: I'n Fig.. 8

t he magnetic di sk 81 according to the present - -
dapsigiign Cscaptashed dmd tctt&?:sRn@}eBHJZ%:arartcé |c:31’tdedven
at a constant rotati ng speed- by a spindle notor:-not
shown GlnsdsheubsguneesThel 2018k siebs 88ahasicngsa single. crystal -
recording head for recording information. and a MR- "=~

shaagk renite s eprhduei dg siuref oy dedtaivitoswhs tpates, and plastic
accessing to the surface of the magnetic di sk 81 is - '
satiisatateetce atan Hee twpedf far shepenbsbna84 ddnst Thesedibprganic
a thin plate shaped flat spring. The suspension 84 is
soUretect ees tpl abhed swilehoNiZn  dom: 8Fampdieng GRIbobDi ks e@b

~hol di.ng a drive coil not shown inthe figure. At the

‘ot her Peicd@cdfivehdarem gbcan bofesmesian fBedta @t ic recording

~ . kind of linear notor, is di sposed. The voice coil

Insteyr 186 i EoFohBErREPEECHYVE HRYAEL} T GHERAR %ﬁd{%‘&f‘d like
of a drive coil rolled 85 is supgorted by a ball
WPERIN G HoPESHBRA -1 nOTRPEUFRTEF X845 a8 Tine Uifher 2BACNx can be

|.onwer sides of fixed, axis 87, andis .drived to sw ng

%%%M%ﬂ%ﬂ&%ﬂf@ LBYPTNBRSLTER L “The voice coil

ot or 106 controlcsi or osi tjon of t
|

he. mdnehEchar Br it e ot Bl aptisBha anove,

BB el R S o Y P ncnon,

20

25

ek B4 b S AL S 8,100
abrasionmethod and chemical vapor deposition method canbe used
Fig. 8 is obllque view of a magnetlc recordlng apparatuS-
accordlng to an embodlment of the present :anentlon schematlcally" :
show1ng the constructlon by - partlally 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

‘rotating speed by a spindle motor not shown in the figure. The

slider 83 having a recording head for-recordi.ng information ahd
a MR head and reproducing the recorded information accessing to
the surface of the magnetic disk 81 is attached at the top of a
suspension 84 constructed by a thin plate shaped flat spring. The
suspension 84 is conﬁected to one side of an arm 85 having a bobbin.
holdlng a drrve coil not shown ln the flgure. | |

At the other 51de of the arm 85, a voice co.rl motor 86 ‘a
kind of linear motor, 1s dlsposed. The voice coil motor -86 is

constructed by a magnetlc c1rcu1t composed of a drlve coil rolled
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Nonmagnetl C 2 5 |nches gl ass substrat es were put into

a.  vacuum chanber of ‘an ‘ANELVA Co. sputteri ng _

appar at us. The vacuum chanbers- of . the sputtering 2
apparatus were 15-evacuated t gs1x10-6 Pa or | ess. Then
t he substrates were heated. .using an: |nfrared heat er

_up to about 300C. Keeping each substrate ‘tenperature - S
P wheubodRAG, o&bautn 200 Fﬁl‘@@iélﬁ\b Iﬁadjmmdjammsmb yokes. L
‘as.a soft .nagnetic under- R
.Cu filmme veasn dEPObs tethbpsrté byr gebdianbear iggainot shown in. o
“under -1 ayer, and then 20 5:nmthick Fe50Pt50 film was

- depdsidierk &5 x@dragnehéappenratidid oayesidesndf fixed axis 87
~furthernore, a 5 nmcarbon filmwas f.ormed for

ayer, -and t hen an- about 30nm.

gt isrtdmigréd |tm foorimpcisuibistirky dy the wdiece coil motor 86.

i deposition of CoZrNo, Fe50Pt50 and C films, the Ar gas ,
'TEiI%S‘SQIl@Elel;dn@tQII 206t OOt YPAS5PAeapasitpen of the slider

respectively, 25 and for the deposition of Cu film
&%@Mé@@smﬁgmtmsdaékf%lrredlmri%ﬁ‘ét%ﬁphérﬁowro% is shown -
Pa Ar-3%12. DC sputtering was used for the sputtering
RRgpos2 BN and sputtering target materials, CoZr Nb,
Fe50Pt 50, Cu and C were used. Power in utted to the -

tar getACNRNAL LRIy (SFAIRIGE Wit GTeCHAAE N SRS O 7111 be

dle%%sﬁ!él on, and va:rél}eegrgro%%rla ra qr{;rf%%{)%t@l eetall

medi um sanpl es were prepared using essentially the

sane depositi.on procedure except that Ni and Rh

é%ifslg’qlv y were used instead of the Cu descri bed
| es havi ng Co50Pt 50, Fe50Pd50, and :

| CO7OON10%rt{a§a r es?ﬁ 1\?6)?/& a@% Gitat%sr %(}red IPQ& into a

l'ayer 'I'ns vvere a rlcated

- ERAAH  Aldabd NS SaIP RIASAIWS denardad, ratus.
Furthernore, sanples aV|ng vari ous crystal I'né grain
di ametge gz]ag:lﬁi; AhanBr 2 Nihe 'SRRSEN MR Yappiiieftus were

. fabricate _
'evacuated to 1><1O"6 Pa or less. Then the substrates were heated .

angi ng the input power to he targets.

using an J.nfrared heater up to about 300°C. Keeping each'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 as the large diameter grain under-layer, and then
5 nm thick FesePts, £ilm was depos ited as a magnetic recording layer,

and furthermore, a 5 nm carbon film was formed for protecting £ilm

for each substrate.

For the deposition of CoZrNb, FesPts, and C films, the Ar
gas pressure was controlled to 0.7Pa, 5Pa and 0.7Pa, respectively,

and for the deposition of Cu film, the deposition was performed

~in an atmosphere of 0.7 Pa Ar-3%H,. DC sputtering was used for

3 thesputteringdepositionandsputteringtargetmaterials, CoZrNb,

FesoPtse, Cu and C were used. Power inputted to the targets was



‘ 'After finishi ng these dep03| t| on, prot ect ive | ayer of
- each prepared sanples were coat ed with about 1.3 nm
~thick lubricant. of perf. Iuoropol yet her (PFPE) by a
“di ppi ng nethod and t hen magnejg c recordi ng nedi um
. sanpl es were conpl eted.. As a conpar ative exanpl e,
“.conventi.onal ‘perpendicul ar magnetic recording medl a

- PARIR f:éb]f | €3¢ ed£BY ddEri®) |E@%mgsorﬁrﬁliﬁdﬂé§051ﬁ'h6n, and var_J_ed -

nonmagnetl ¢ -2.5 inches gl ass substrates were put into.
 fiylofh ViaC Wl Parefeartiens 10f0 tee 1S o7 ifeg: @upaepbosd taod .

- the vacuum chanbers were 20 evacuated to 1x106.Pa or
| ess. O%hb&fmmaétirgrteberﬂlihgtmaimn sampgesauenmprap@ﬂed uSJ_ng

 heater up to about 300C, 200 nm CozZrNo filmas a soft

. gmmgmtiad yndae- sayerdedds hin dia fridaadasrea eseept! bat /Ni and Rh '

20 nmRu film as a under-layer, 15 nm :
 rGefERctride 1Rt wérFalsddayes tasdapfm:@@e@m clescadbedi algove Samples
| ayer, and a 5nm protective |ayer were deposited for-
- IpFigariCosulbldor aF@scPatad, tdvedh EoeCrutiitiicantespeC by as the
simlar to the Exanple 1 described above. For
el wgeosAiNg, 1Trer Rinakea €otr Mitea FepiBfsy e fabricated
- gas pressure was O. 7Pa, 0, 7Pa, 0, 7Pa, 5Pa andQ.7Pa,
S R e @@t‘“%réﬁeoﬂ"sr%éjre@%m Ye Ru -
andCo65Cr' 20 Pt 14Tal and the ei
PG QeI Lpe EATHE- 2, bealpsmfia\aéoawﬂé%t JerIg%aﬂra}Jdl dlameter
~noise ratio for derlvatlve veforn%&?’ .an o%tg t? th
of HuriRatiand é‘ulrcﬁ?iipf‘éﬁh"? A Ed© y changing the
char acterized a SNR of the nagnetic recordl ng
IR TRC Wﬁ%%ﬁlﬁ Gl S was 20 for outputs of

e L SR e 5 AR ot
dd'atofefd; samg)g;%rsﬁg fg\é%faﬁ%%@hléﬁoﬁg .sigpal M&%brz_cant

Bt Si gna ore an after
Oevg% é%’:iferg %§ge¥f(t he v age @?ys? illﬂlea%lhgleﬁ’simd ._then magnetlc
"r'_eCOr_dlng medium samples w_ere completed. S

| As a cemparativé example, conventional.perpendicular"
magne.tic recordingmediawere fabricatedbythe following procedure.
The nonmagnetic 2.5 inches glass substrateswere put into the vacuum
.chambers of the eputtering apparatus and the vacuum chambers were
evat:uated to 1x10°Pa or less. After heating the su.bstrates using
an infrared heater up to about 300°C, 200 nm CoZrNb filﬁ as a soft
magnetic under-layer, 10 nm Ta film as a seed layer, 20 nm Ru film
‘as a under-layer, 15 nm Coss-Crzo-Pt;4—Ta; layer as a magnetic
recording layer, and a 5nm protective iayer were depos'ited fo:;__
- each substrate, and.then the lui)ricant was .coated similar to the
Example 1 descrlbed above. | o |

For depos:.tlng CoZrNb, Ta, Ru and CoCrPtTa fllms, the Ar

gas pressurewas 0. 7Pa, 0,7Pa, 0,7Pa, 5Pa and 0. 7_Pa, resPectJ.vely,
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25 gral n d| arreter d, ag, O/Vand SNR of each rragnetl c

recording medi um respectlvely DC sputterlng was used
for the deposition. inputted to the targets was flxed‘
to 1,000 W by a transmi SS|on1;eI ectron m croscope '

o (TEI\/D with The microstructure, the crystalline graln

di ameters-and t'he grain size distribution of each

ahabriagajead nsdERia lee e rev abzated 4ol Ragandl c40X Y. Pt14Ta1, _
- characteristics, R'Wcharacteristics) of .each nagnetic. &

respeictiivg Iyedi ums/pﬂrta:ee.\daigmaedlsjecﬂ rfg:ratheld'epsiﬁ[‘tch.on. : Power" )
Themagnetic - head -appli-ed was a conbi nation of a 0.3 m- o

- itpatited dich thienglargetel waseddxadd ta (.,20M Wrack width

MR head. - The sanme neasuring - Oxygen,. car bon - ni trogen

- and smhmlmaterucstwm,etheam}:ﬁt@dhngmgnleewetrrs and the

Cs'. Recording and reproduci ng characteristics (read -

- - gmeiies 1geabistinilort iofn pifxedchephaticatirshaapps ptyere @ﬁfaluated

20 mmfromthe center Large Magnetic Di ameter

hye gortdiangTd g oONR1OALCRA RicAPSCOR®) (FBMdBith acceleratlng

‘Under -l ayer Exanpl e 1-1CuFePt5.816.038 Exanpl e

vplrageo P 09k 239

- Oxygen, carbon, nitrogen and sulfur contents were

'.'evaluated by usrng SIMS with Cs*.

Recordlng and reproduc1ng characterlstlcs (read write

characteristics, R/W characteristics) of each magnetic
| -r_ecording-medium were evaluated usingaspinstand. Themagnetic

" 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 measurlng

_ condltlon of flxed magnetlc head pos ition of 20 mm from the center

and the magnet:.c dlSk rotatlng speed of 4,200 rpm was applled.
Signal to noise_ratic_for derivative waveforms as.an output of
a derivative circuit (SNRm) was'rﬁeasured and characterized as .the ‘
SNR of the magnetic recording medium. The measured signal S was
for outputs of linear recordingdensityof 119 kfci, and themeasured

noise N, was root mean sqguare value at 716 kfci. In addition,

-~ the OW was evaluated 119 kfci signal output ratio for recorded

119 kfci signals before and after overwritten by 250 kfci signal.
Table 1 shows evaluated results of the average crystalline

grain diameter dpag, OW and SNR of each magnetic recording medium.



. _Cg_np_a_r ed wi th t he-convention nrnf| c _ ] .
~ | recording rredlllﬂﬁgﬁf ‘Exanp| “éaane HSwed -ssral | d’averagegNR N
|grain di anet iP5 &ancrea;ép%cc?% A% and SNRAYRp- (dB). | (dB)
eval uati on shcﬁ'fv"e that no| p&4K  related [to thell arge '
-dianetergraiin ”di. }ayaﬁer_s_mas—i-eund—ot-her—t-han (FO0) el
EKgﬂBl?'iiln'@mn gr a?’ﬁ undelr -1 mﬁﬂ@g}'prn |n'?’19m) 16.2 39
BXeBRt&itli-gn Fln SUushous| the r&B% i on_bet feln’it hk6-0 37
_ E%é%ﬁh%]cﬂystalllngu 10 grain disBfeter of #0%dqu 4Ad? 38
Exameds flo t He FeSBPt 50 nagnet (EePY ecor di ng- ?ayer 1&nH 39
ExarRked railn di aleter under -$FFEE 1t | wAs?f qundi6 -9 39
Exarpihd -OW ilnpr ovBd suf fici ent8Ptwhen tlhebakerlagds-? 38
Brgmpkt 11i-8e drain Bianeter of @EfES 50nm of - hnrle. 15-8 40
Bkanpks Irdsulits weke obtjai ned BeRt Ni_and $ef Rh L&rge | 40
Brampialilaridt dr undRi-| ayer. 15FnRthernore?-%inil &6-3 39
| Enauphls Iwdie |obt aiRied for| each &G&@ipl e havi gl 15.9 38
Er80FA<(0 -1Ror] Fe50Rd50, and f orFegasi7oCr 10Pt 200 magntéi ¢ 37
| Cempactitiyel ayler. Fig. 10 showsverntgonelatfi oh- betjwedh. 4 32
Epdmpleoncentirati on of oxygediumar bon nitrogen, and

10

15

_ExaerI e’ 1 3CuCopt6 016. 037 Exan'pl e 1- 4CuFePd6 015 938
_Exarrpl e 1-5Ni FePt5.916. 139 Exanpl e :
1- 6Ni CoCr Pt 5. 916. 039 Exanpl'e 1- 7Ni Copt.6. 115.938

Exanpl e 1- 8Ni FePd6. 115. 840 Exagp

| e 1-9Rh

Exanpl e 1- 10RhCoCr Pt 5. 916. 339 Exanpl e

[@alay at)i ve: (conventi onal

FePt 6. 016. '240

1- 11RhCopt 6..115. 938 Exanpl e 1- 12RhFePd6. 016. 037

7.115. 432 Exanpl enedi un).

and increase in OW and SNR.

crystallinegraindiameter of Cuis50nmormore.

sul fur Carrp obt ai ned by SIM5

| Compared with the conventional media, each magnetic

"recordingmedimnofExample1showedsmallaveragegraindiameter

' XRD evaluation showed that no peak.
related to the large diameter grain under—layers was found other.

than (100) crystal plane of them, showing that all grains of

'_the large diameter grain under-layers were in (100) orientation.

Fig. 9 shows-the relation between the average crystalline

grain diameter of Cu d¢y and the OW for the FesPtsy magnetic

recording layer and Cu 1arge- grain diameter under-layer. It

was found that the OW improved su_fficiently' when the average

Similarresults

were obtained for Ni and for Rh large gr'ain diameter ﬁnder—layer .

Furthermore, similar results wereobtained for eachsample having -

FesyPtsy, for FesePdsy, and for Co;oCrioPtyp magnetic recording 1ay'er.
Fig. 10 shows the relation between total concentration
of oxygen, carboh, -nitrogen,_ and sulfur Ci,, obtained by SIMS

and OW for magnetic recording media with FesoPtsy magnetic



‘ffand OW:f or nagnetlc recordlng nedla Wit h Fe50Pt50 -

magnetic. recording |ayer and Cu.large grain diameter

“under=-ayer , ‘As seenfromtheflgure the Cinp val.ue

of 1 ess than 10,000 ppmis degjrabl e to obtain good -

'_TCNVvaIues Simlar results were obtained for CDSOPtSOl J-'

FesoPdso and Co70Cr 10Pt20 magnetic: tecording 1 ayers

© Rdprdinghonen 4ed ati Mshie Peaeenishetavenager- layer. _AS-

magnetic crystalline:particle nunmber.areal density n -

- saferi Ife-omgnet tfﬁ;gulteqotdengmlpav&luema]rm frbem. 'IIEBI\IIOOO ppﬁ\ is

16~
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20

25

~ observation and ON The desirable n values are in a:
fdeymxaﬁlenmdjﬁmﬂalmagmodIew rElBeto. 10i8ilet2results were
-~ parti-cles/cn2 for obtaining higher SNR val ues. Wen- - '

* dtten imed/ dlowe CosoHtio A Freasityds of ainChn A0 2P bay maglnesmmacord 1ng

to 8x1012, plural = nunber of magnetic crystalline |

J{aa»retrraﬂ es on average are held on a Cu crystalline

‘grain. Simlar results were obtained for N and Rh '

| ar ge Fgrdai h1 dikames @rrahaéﬂonayépsbem?@ﬁé%%ﬁérerage magnetic

~.simlar results were obtained al so for sanples_ having

| c@d@dmléolnqce@@pals%l%n@u%ﬁcécarspﬂzé%ﬁdﬁé& i %d‘&%%%gnetlc |

| ayers. Ordered arrangenent of nagnetic stal li

gt sl A% PREA T BFA rAGABL TEN BESAITE H%/érn - The

figure of each magnetic,  recording medl um usi ng an
JafedR i db S8 PR RF A} v | TRPFDFHRRI 00 IRRigeldhes /cm” to

Pl us,; (Cybernetics,Co.,. USA). The TEMfigure for each
8ﬁ‘écé?ne»t Partdedrar Ry |f§3repb%é§%9& FF@BeFog%Rﬁ’aﬂJt"e‘?% When the

expressed b two val ues increasin

_ cg rasi  be mE

Wﬁrail&ﬁslafl FAnge 5 aﬂhéx P@Fﬂé? ?‘Eé?]ﬁn§°h ﬁhenplural
R A L RAER %@tﬁ%ﬁééﬁ%p%g%%' &e hetd

ol %e"c;%dcegns%ag %hg% of.0UBYnfi 9 1 C PRKGAIOAl- B ned for

I"es hand, “every magneti'c recordi ng

1\{19 RjTla\i' 1 q4alit d.a‘m'%t%ﬂ Ange L rl%g‘ehaw nFurtherthore,

12gail ns/ cn® to gai ns /cng, g N,

s’sl@ﬂl%tif w&%rlﬂ@wre éB%&@Le@r ﬁm'slbafo§tééhﬁ]§>yé§%av1ng COsoPtsg,
- magnetic _

. FesgPdsy and Co;oCrloPtzo magnetlc recordlng layers

Ordered arrangement of magnetic-crystalline grains was

‘examined for magnetic recording layer TEM figure of each magnetic

recording medium using an image processing and analyzing software

“Image-Pro Plus" (Cybernetics Co., USA). The TEM figure for each

" magnetic recording layer was modified to a pattern expressed by

two values increasing contrast between regions of magnetic grains

and other regidns and then the pattern was transformed into a

reciprocal lattice pattern by FFT, and evaluated the result. No

ordered arrangement was found for conventional medium samples.

‘Ori theother hand, every magnetic recording mediumhaving n values
- in a range from 1x10'’gains/cm’® to 8x10'*gains/cm®, and having Ni,,

'Rh and Cu under-layer, showed granular structured magnetic



'20 recordlng Iayer FronFFT analy3|s for the TEM :

figure,-an  essentially tetragonal  arrangement of_

crystalline particles was confi'rmed by recognizing
peri.odi cal pattern showi ng-1s44J2 - rel ationship in =

~distances fromthe center spot. (Exanple 2) - .
Nonmagnetic 2.5 inches glass: substrates were: put into

" Hehe raa ey II\a;G{'é%ﬂbeFréﬁdFF‘heaMéﬂylslmsChdffbené '!\Effieflgure, an.

| o evacuated to. 1x10-6 - Pa or. less. Then CoZrNbo soft : R
'-elmﬁtﬂaqwn’detrhguﬁalmrai&;mﬁexttedaflery@taamne particles was .

~substrate and then put out fromthe vacuum chanber to

T 9o A YOS RESLE 1 ZEAGN peltd oAl akREe P BhkiIng a:1/V2

- MBE. chanmber and the chanmber was evacuated to 1x10- 9
.;ﬁéiaﬂ1dnshap amdduheanae30ﬁwn@uthﬂdeenﬂeayepOWas

deposited to each substrate in the vacuum Slntlarly
sanpl es having N deposited under-I|ayer and Rh
‘deposited 15 under-|ayer instead of the Cu

- (Bwearplendy were fabricat ed using' -essentially ‘the

same procedure. The sanples were put out from the
chanb&pnmagasbient - at Fshppe sl asin FUPREFAEEE VATS PHe into the
sputtering vacuum chanber again. The chanber was

| vegaorarbamber2and- sheavaruun ehanbph wiie syasuedofete 1x107°
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et ched by reverse sputtering. 20 Magnetic ecord
RaapErlefs a BrainCosrder RO 2B S B G r ae‘%éﬁposﬂed

substrate usi n OPt % Si 02 co os ite
3 Sk ﬁetgexct%e@b%mqu %ﬂtﬁﬁﬁé&%@. Sber to ambient

-%90 @@ﬁ%@f? Bdn e fnbley G989 DUl 1566, & MEs,SRanpgy and the

PR, YRRy SCURCRY Lo BROCRIFE AL EHGR Pgom Cu under

]_I%%'r}plﬂgs 1deé8§ P{)Qd p{&te%ﬁ-}ﬂ g%tbsﬂ:% eVeR 9 8%&5!5.%\1 an % imilarly

cant yer was coate 0 eacC SUbS rate

SR ARG 10 el g Tdomgol S acpegices

_ u?ﬁl@?:etl'a‘ire&efﬁégégg of the Cu under ~layer were fabricated us:Lng

essentlally the same procedure. The samples were put out from

the chamber to ambient atmosphere, and then put into the sputtering -

-vacuum chamber again. The chamber was evacuated to 2x107° Pa or

less. Then the samples were etched by reverse sputtering.

| M‘agnetic recording layer of a 5 nm Coy,CroPt,-510, was
formed to each substrate using CoyCrisPt,0~10mol% Si0, composité
target. Magnetic recording layers replaci_ng Co70CrioPt,y by
Fesg_mPtso, CosoPtse and FesoPds, respectively, and replacing SiO;

by TiO, Al,0;, TiN, AlN and TaN respectively were depdsi'ted

respectively. Using similar procedure described in Example 1, .

carbon protective layer was deposited and lubricant layer was

coated to eachsubstrate. Then, various magnetic recordingmedium -

 samples were prepared.



medi um eerI oy| ng the cularge: under-l ayer. 1t was:

found that the nmagnetic Iayer havi ng. conposite.

wi t h. chem cal conpounds is ‘desi rabl e for inereasing

the SNRmand OW ' Similar resubis were obtained for:

sanpl es havi ng Ni and Rh | arge. grain diameter

under - | ayer. i nst ead of :Cu. Each magnetic recording : ~ "
layer: Ta@ﬂraom%lhfo@asv\mﬂm the avoupdued ﬁimmdhmagjrmudcarecordmg_
structure and ~ordered tetragonal lattice structure .

) -nﬁidﬁﬂg%’t@lﬁoﬂ_ng %é@ﬂ&faﬂge wmyitrallld yrex gr a]msfasltiound that -

[Table 2] Magnetic recording SNRm OV | ayer(dB)(dB)

- theanplye e2-1HC1 By Birl hia 2 38 g Fxampd 81 Re 2CHih RtheSi DAY cmmpounds is.

Exanpl e 2-3CoCr Pt -Ti OL7. 240 Exanpl e

| RGO R fOor208¢7ed4inExtp| SNR: BAJCPWP: - Aﬂ.ﬁ@l—%ﬂ@f 82@111t5 were

Exanpl e 2-6CoCr Pt - M\yOL6. 742 Exanpl e
abtedo@dt £ 293mp]1 64 1 hEvang éuza@@o@lptlagqﬁ\ma@msdlameter
Exanpl e 2-9CoCr Pt - Al N16. 642 Exanpl e

ndCo@ R e Thna Bedd 10ExEHpl eEach1maanptit NEsOrging layer

10

Exanpl e 2-12CoCr Pt - Ti C16. 842 Exanpl e

| CRIESTHIE P ST B 8 490PRARPAe SROYAD & sianydeE: giaructure and

| e 2- 15FePt 16. 038 Exanpl e 2- 16FePt-Si 021
ordenxped tetragonal lattice sg’%ucture arrangement%f tl%e magnetlc

crystalllne-gralns.

[Table 2]
Magnetic recording SNRm oW
layer {dB) {dB)
Example 2-1 CoCrPt - 16.2 39
Example 2-2 CoCrPt-Si0, : 17.0 40
Example 2-3 . CoCrPt-TiO - 17.2 40
BExample 2-4 CoCrPt-Cr,0;3 17.1 41
Example 2-5 CoCrPt-Al,0; 16.8 40
© | Example 2-6 CoCrPt-Mg0O = - . 16.7 .42
Example 2-7 CoCrPt-Ta,0s " -16.8 T4l
| Example 2-8 CoCrPt-Si;N, _ 16.6 43
Example 2-9 CoCrPt-AlN ' 16.6 42
| Example 2-10 CoCrPt-TaN 16.7 41
Example 2-11 CoCrPt-TiN 16.7 43
Example 2-12 CoCrPt-TiC _ 16.8 42
BExample 2-13 CoCrPt-8icC 16.6 44
Example 2-14 : CoCrPt-TaC 16.6 43
Example 2-15 FePt ©16.0 38
Example 2-16 ~~  FePt-81i 0O, 16.9 41
Example 2-17 FePt-TiO 17.2 41
Example 2-18 7 FePt- Cr,0; : 16.9 40
Example 2-19 _ FePt~Al,0; 16.8 42
Example 2-20 FePt-MgO , o 17.2 . 40
Example 2-21 FePt- Ta,0;5 16.9 42
Example 2-22 FePt- S1;N, _ 16.6 42
Example 2-23 FePt-AlN 16.7 41
Example 2-24 FePt-TaN 16.7 42
Example - 2-25 FePt~TiN 16.8 41
Example 2-26 |. " FePt-TiC 16.6 43
Example 2-27. - FePt-SiC 16.7 43
Example 2-28 ' FePt~TaC o 16.7 - 41
Comparative .| (conventional medium) 15.4 32
Example '

 (Example 3)



-'-Exarrpl e 2-17FePt-Ti OL7. 241 Exarrpl e 2-18FePt-

- Cr20316. 940 Exanple 2- 19FePt- Al 20316. 842 Exanple

2- 20FePt - MyOL7..240 Exanpl e 2- 21FePt.- Ta20516. 942

Exanpl e 2-22FePt- S13N416. 642yFxanpl e

C2- ‘23FePt-Al N16. 741 Exan'pl e 2-24FePt - TaN16 742 Exan'pl e

~2-25FePt - Ti N16.:841 Exanpl e 2- 26FePt - Ti C16. 643 Exanpl e

- 2-27FeRb- $nGHhEAR Beaplsh B Feindafa6i Z4g1ass subst.rates.

-~ Conparative (conventional mediun)15. 432 Exanpl e were

o Mmr@preﬂaaedfarhdnfd&nuiepo phs ivmEargEes fp@mfmd:med ng 1nlgethe same

10

s

20

25 -

_usj.ng the same fabricatin

-same . shown in Exanple .1 up-to Cu,.Ni, or Rh"

- pepesidiors shhensubsExanpse vl tip ttheCdepiﬂ):s; tcedeh Hﬁposxtlon- _
-~ were anneal ed in a heating chanber at 500C in an . :
. Thenweipberatef witiBeke depositad Ailes weleanneglamin a heating

-Pt-Si 02 was deposited as an internedi ate under-|ayer :
clsime P £ 190 i anSiratnospbsireef argd&H; \fax b(]smlnutes . Then
nmagneti c recording nedia were fabricated by

1depB R 1 P nEaRelFRO T Bed disngn | et gned ate under-layer using

- Co70Cr 10Pt 20--Si 02 on the Pt- Si02 | ayer and carban’

Pirdtedoile Sify Fapepsikfdtesdeing Vaﬁrlpeénfﬂasg;%rw recording
condi,ti ons as descri

Mt MeTE TREFARETRY BY égPPS%%H‘@ﬂn@tﬂ&caﬁ&Pﬁgmg layers

B ﬁ%@?&?}“ﬁ{@p@%&ngg thgl Pat:l—. n&l&[ l%fyérheanlcptc%rr 2 %trotectlve

layer, and coating lubricant layer using the same fabricating
conditions as described in Example 2.

Furthermore, various magnetic recording media were -

‘obtained replacing Pt of the intermediate under-layer by Pd,

- Ir, Ag, Cu, Ru and Rh respectlvely, and the S$i0; by TioO, A1203,._

TiN, AlN TaN TlC, and TaC reSpectlvely, preparlng and using.

frespectlve targets.

Furthermore, magnetic recording layer having Fesg-Ptsg,
CosePts, and FesoPdse respectively instead of the CosoCrioPt10-Si0,,

and Cr,0s;, TiO, Al,0,, Mg0O, Ta,0s, SiN, TiN, AlN, TaN, SiC, TiC,

-and TacC respectively instead of the Si0,, were deposited,

_ preparlng and using targets for each deposition..

Table 3 shows SNR, and OW values for eachmagnetic recordlng
medlum employing the CoCrPt-Si0, magnetic recording layer and
the Cu large grain diameterkunder—layer. It is found that the

SNR, and OW increase employing intermediate under-layer having

'compositewithchemicalcompoundasanunder—layerofthemagnetic

recording layer. Similar results were obtained for magnetic

recording media employing Ni and Rh large grain diameter



l[artice STTUCtre arr gngePEdy&y nagnetli C guryst af 11 Neow
~grains was observed for every nagnetic |reqasdi ng | ayeds]
FRERYES N U O Rh rarge grain diafetery, ; 44
rl._@;gﬁfnph_éy_?lz L Table o]  UNGEy - I ayer SNRM{OWqdB] | dB] 473
E@&gﬂ Ee°3%ft1 144 Exanptg 3-2Pd17. 743 Exgisl € Y
9 ‘E?:'ainﬂaie%*‘b; . Ag 17.4 45
Example 3- Cu 17.4 45
Example 3-6 Ru 17.8 44
Example 3-7 Rh e 17.7 43
Example 3-8 Pt-5i0, : 18.6 47
Example 3-9 Pd-5i0, o 18.5 48
Example 3-10 . - .- Ir-8i0o, . . - 18.4 48
‘Example 3-11 '  Ag-8i0, | . 18.3 - 49
Example 3-12 Cu-5i0, 18.4 49
Example 3-13 : Ru-8i0, 18.8 46
Example 3-14 : Rh-5i0, 18.7 47
Example 3-15 Pt-Ti0O - 18.8 47
Example 3-16 Pd-TiO 18.9 46
Example 3-17 Ir-7io - 18.7 47
Example 3-18 Ag-TiO 18.7 47
Example 3-19 : Cu-Ti0O 18.5 438
Example 3-20 Ru-TiO : 18.9 46
Example 3-21 | _ Rh-TiO 18.8 49
| Example 3-22 | Pt-Cr,0; - 18.6 48
Example 3-23 PA-Cr,0; - 18.7 . 47
Example 3-24 ' Ir-Cr,0; 18.6 49
'Example 3~25 Ag-Cr,0; - 18.5 49
Example 3-26 Cu-Cx,0; 18.6 48
Example 3-27 Ru-Cr,0, 18.7 47
Example 3-28 Rh-Cr.04 18.6 49
Example 3-29 Pt-S1i:Ny ' 18.4 49
Example 3-30 Pd—- SisNg 18.5 47
Example 3-31 : ‘Ir- Si;N, 18.3 48
Example 3-32 | Bg- S1i;N, 18.3" 49
| Example 3-33 ' Cu- SisN, 18.4 49
Example 3-34 ' Ru- Si;N, | 18.7 49
Example 3-35 _ Rh-~ SisN, 18.6 48
Example 3-36 : Pt-TiC . 18.3 49

Ir, Ag, Cu, Ru ‘and Rh- respectlvely, and t he S|02 by
T|O A1203, . 15 Ti'N, ALN, TaN, TiC, and" TaC :
respectlvely, prepari:ng and using respective targets
Furthernore, magnetic recordifng |ayer having

Fe53- Pt 50,  Co50Pt 50 and Fe50Pd50 respectively |nstead
of the Co73Cr10Pt20-Si:021 ~and Cr203, Ti O A1203, MO’

| FARGE. 147k TedbedliveTaNinBt6adTol (20 wnibridGyer. 1t vas

respectively instead of the Si02; were deposited,
fanaphring: addetgi mgghet get setordéagh m;zaswtncbm_ntermedlate
Tabl e 3 shows SNRm and: OW val ues for each magnetic. -
unﬂﬂr{ﬁagprme@agmammﬂmymmmTMMp@maéﬂnﬁbﬁbnﬂgrmdtetragonal”
recording |ayer and the Cu |large grain dianeter ..

liaidered ay@ructure saf vamgendnt ¢hen@gneiikm anysoml line grains

. increase enploying internmedi ate under-|ayer having

vmr@mamrwtfpx:r@mmlmmﬁ@mdrggomlugdéayeayémpépyed Ni,

t hemagnetic recordlng layer. Simlar results were '
Gbtati iy ¥a¥gaagheincd lﬁ@@ﬁ?é‘l H§deEdilRYat oyi ng. Ni

and Rh | arge graln_dlaneter under -1 ayer respectively

i nstead of Cu under-layer. found that every magnetic -

'_recordin? | ayer and intermediate . under-|ayer were

and TEM patterns of ordered tetragonal

-] Example 3-37 P4-TiC 18.5 48
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3 3-FpEople; Pndd oap Exanml | el TR r=TiOL8 747 Jpesmﬁml 49
- 3-Freaplei Pndd 747 Exanpl A% Ti 018548 Bedmle - 49

-
3-eearativg18| 646cmuanilionsl ouediwm20318. 47 Exanpl e32

- 3-Bx@mpler 20318(649 Exanple 3-29Pt - Si 3N418. 449 Exanpl e

' 3-30Pd- Si3N418.547 Exanple 3-31lr- Si3N418. 348 -

._Exan'pl e 3 4Agl7 445 Exan'pl e 3 5(:ul7 445 Exan'pl e
3- 6Rul7. 844 Exanpl e 3-7Rh17.743 Exanpl e

-_3 8Pt.- Si 0218. 647 Exanple 3-9Pd- Si 0218. 548 - Exanple'li"'
- 3-101r-Si C218.448 Exanple 3-134g- Si O 218, 349 Exanple *
- 3-12Cu- Si 0218 449 .Exanpl e -3- 13Ru- Si 0218. 846 Exanpl e

-14RN--Si-0218. 47 Fyamaj_:e 3-165Pt-TiO18. 847 Exanpl e-

Brompl ¢ 140 046 Exanpl eCR=DMRN- Ti 018449 HWedhpl p - 47 |
-Exempler 3044 8] 648 ExanRerTiO3pd- r 20318 ¥84A Exanpl 47
Exgmpler 30428| 649 ExanpReTEO5Ag- Cr 20318, B Exanpl 27

Exanpl e 3-32Ag- Si 3N418. 349 Exanple 3- 33Cu- Si 3N418. 449

-@(ﬁﬂ%pe34§4l?u- Si 3N418. 749

2. 5 inch hard dlsk shaped nonmagnetic glass substrates.
were prepared and a soft magnetlc_under—layer was deposited to
each subst:ate using the fabricating procedure similat to the
procedure of Example 1. Then 5 nm NiAl leyer was deposited to
each substrate in 0.7 Pa Ar atmosphere prepariﬁg'and using NiAl-
target. Similarly, MgO,‘NiO,'MnAl, Ge, S8i or TiN layer
respectively was deposited instead of the NiAl layer.

" The deposited substrates were put out from the chamber,

-and.Cu: (GI‘Nl, Rh) film was MBE depOSlted. ‘The substretes'were :

put back to. the sputterlng chamber, and- evacuated the chamber :

"~ to 2x107% Pa or 1ess, and annealed at 500°C for 10 minutes in

'Ar-B%Hgatmosphereinaheatingzoneofthechamber. Thenmagnetic

recording medium samples were obtained after depositing a

_intermediate under—-layer, a magnetic recording layer ‘and a

protective layer subsequently and coating lubricant to each

substrate using the method described in Example 3.
Table 4 shows recording and reproducing characteristics
of each magnetic recording medium sample employing a Pt-SiO,

intermediate under-layer and a CoCrPt-$i0, magnetic recording

layer. It was found that SNR, and OW values further increase

by'disposing an orientation control under-layer. Similar

‘results were found also for other combination of intermediate -

under-layers and magnetic recording layers.



Exar‘rpl e 3- 35Rh Si 3N418. 648 Exar‘rpl e 3- 36Pt Ti C18 349

 Exanpl e 3-37Pd-Ti C18. 548 Exanple 3-38Ir-Ti C18.349.

Exanpl e 3-39Ag- Ti C18. 449: Exanpl-e  3- 40Cu-Ti C18.547

 Exanpl e 3-41Ru-Ti C18. 547 Exampke 3- 42Rn-Ti C18. 647 -

10

Conparative (conventional nediun)15.432 Example - "
(Exanpl e -4) 2.5 inch hard di sk shaped nonmagnetic

gl ass mupstpadleses Waker §1EPEs e hoanden S@éf:agagn@neter of le-- :
~under -1 ayer was deposited to each substrate using the
. dabr bndt ORgfpronagdneeisi netardingtinedmaoemgmogmg NiAl' as

~. Exanple 1. Then 5 nm N Al . [ ayer was deposited to “each
s tratt Bon nednhtfrdla viad et -noesypdey e(:tpraﬁ)a]car@e a;mlam|dugameter

Ni Al target. Simlarly, MJO N O MAl', Ge, Si“or TiN

| e -laspectlangy mmmawlm%&wexh@wwoz as

| ayer. .10 The deposited substrates were put out from-
e hedbate wrtpC ysT [Mnd ROCAt-HikasasBrgnetic recording
deposited. The substrates were put back to the

- L3R er iligvah zepad, thatd tBesblva s d wideahimpee ved M increasing

2x10-6 Pa or |l ess, and anneal ed at 500C for 10 m nutes
ihe Aveyagp dipRespRe?E the FiAdal ARG Ane &P pHem or more than
chanber. Thenmagnetic 15 -recording nediums

a
%rrénob%weraff@éplaewsm Shbakned, EPﬁeaFla%Jé"gombmatms o

under - | aye eti cordlng
BRI | ST u%ﬁ% T LT r%rﬂfbr%%?t%
A T 5 TR PR b fcorain
haracterlstlcs 20 of each magneti ¢ recordi ng medi um
T enpl oying a Pt-Si 02 internedi ate under-1|ayer
and a CoCrPt-Si 02 magnetic recording :

[Table 4] _ 7

Orientation Large ‘ SNRm | OW
‘| control diameter "{dB] [nm]

Under-layer {grain L - -

' - | under-layer

Example 4-1 " None cu - - 18.6 47
Example 4-2 NiAl Cu 19.6 52
Example 4-3 MgO ' Cu 19.7 52
Example 4-4 NiO Cu 19.5 53
Example 4-5 Mnal Cu 19.3 54
Example 4-6 Ge Cu 19.3 54
Example 4-7 Si Cu ©19.5 53
Example 4-8 TiN ' Cu 19.7 53
Example 4-9 None Ni 18.5 48
Example 4-10 NiAl _ Ni 19.5 53
Example 4-11 MgO e Ni 19.4 52
Example 4-12 NiO Ni . 19.6 52
Example 4-13 MnaAl Ni 19.4 54
Example 4-14 . Ge Ni . 19.3 55
Example 4-15 | si- ' Ni 19.3 54
Bxample 4-16 TiN o Ni 19.5 55
Example 4-17 None Rh : 18.4 49
Example 4-18 NiAl Rh 19.5 52
Example 4-17 MgO Rh 19.4 52
© | Example 4-19 - NiO Rh 19.3 55
Example 4-20 © MnAl Rh . 19.4 . 55
Example 4-21 . Ge Rh . 19.5 53
Example 4-22 Si Rh 19.6 54
Example 4-23 - TiN : Rh 19.6 53




layer. It was found that SNR and O/Vval ues further g
increase. by di sposi‘ng an ori ‘entati.on control -
~under-layer. Simlar  results.wnere found al S0 for

ot her” conbi nat| on of. lntermsdg@te 25 under -1 ayers “and -

: "_rragnetl c. record| ng- Iayers Fig. 12 shows the retation '
- 'between:average di aneter -of N Al dNi Al andOMfor = - _
'-.'_-rmgnettlla:hbaghrthmgrména Jett:térny.tcnghhlsAbeas shown: and descrlbed_ R

“orientati.on control under-layer,:Cu as- large- gra| n.

'=..'vﬂ1t@rr&tesrpecumdter bleaycempdbaegbogumentsu ahetenf, it should be

. under-layer, Pt-Si02-as: intermediate under-layer.and B

. updertosdoly ashqm;aétuedeunadrtn’ghataa}@rforegmsgfmuarmus :

~. . . that the OWwas further inproved by increasing . the _
. okberagbaggsfeierthd fidre RA dehgdl wiEeut slemutang from: the

nmore than ~50.nm “Similar. resuls were obtal ned for -
ﬁs@tlﬁéﬁ: @@ﬁblsﬁmeoﬁi &heg @I@ﬁ?&t‘il éﬁv@ﬁﬁtlpéil '
under - | ayers, large grain diameter 10 under-l ayers

~intermediate . under-layers and nmagnetic recording

| ayers: Orientation Large control dianmeter SNRM OW
Under -l ayergrai n [dB] [ nn] under-layer Exanple '
4- 1NoneCul8. 647. Exanpl e 4-2N Al Cul9. 652 Exanple

4- 3MgOCul9. 752 Exanpl e 4-4Ni OCul9. 553



10

5

20

25

. prevent inventi'on has been shown and descr

Exanpl e 4- 5MhAl Cul9. 354 Exanpl e 4- 6GeCul9. 354 Exanpl e

~.4-7Si Cul9. 553 "Exanpl e 4-8Ti NCul9. 753 Exanpl e
"4+9NoneNi 18. 548 Exanpl e 4- 10N AL Ni 19. 553 Exanpl e

4- 11MgONi 19. 452 Exanpl e 4-12Ni ONi 190652 Exanpl e
4- 13MhAl Ni 19. 454 Exanpl e 4-14GeNi'19. 355 Exanpl e

@“%’?i% éﬁ%@“iﬁ xgrpl e 4-16Ti NN 19. 555 Exarpl e
29 BXanpl e 4- 18Ni Al R119. 552 Exanpl e

4- 17MyORN19. 452 Exanpl e 4- 19Ni ORh19. 355 Exanple

4- 20MhAl Rh19. 455 Exanpl e 4- 21GeRh19. 553 Exanpl € |

4- 2251 1195056 JREATR! & ool NS 66, 2o housl: { he

ed wth
respecf igpboesitapde enbodi ments thereof, it should be
under st ood by those skilled in.art that the f other

changes liardehgra o Bianetdat andew-lagelr fiepaedongthemsnbstrate;
the spirit "and scope of the present invention. 27 WHAT

| S CLAA MEiyh&eid. récob@beyi Layecood nhemaddem-layer; and
conprising: a. substrate; 5 a large grain dianmeter
under -a ayertefoarinedl aperhfo smbdtomttdie magnetic reéording layer;
wherein the large grain diameter under-layer comprises
crystalline grains of at least one selected _from the group
consjssting essentially of Cu, Ni, Rh and Pt, having average grain .
diameter d; of d. = 50 nm, and orienting (100) planes of the grains
parallel to the substrate surface.
2. The magnetic recording medium as set forth in claim
1, whereln the magnetlc recordlng layer comprlses magnetlc
crystall:me gra:;.ns hav:.ng average dlameter dn of dn = 20 nm. .
3. The magnetic recording medium as set forth in any
one of claims 1 or 2, wherein the large grain diameter under—layer

has a éleanliness of 10,000 pem or less as total ruber of atoms

- including oxygen, carbon, nitrogen and sulfur.

4. The magnetlc recordlng medlum as set forth in any
one of clalms 1, 2 or 3, wherein the magnetic recording layer
comprises magnetic crystalline grains held in ‘plural on a crystalline'
grain of the large grain diameter under~layer in an average areal

density range from 1x1 0*? grains/cm’® to 8x10* grains/ cmzT

5. The magnetic recording medium as set forth in__claim

1, wherein the magnetic recording layer comprises magnetic -

crystalline grains arranged in-a form of a tetragonal lattice

structure. .



‘a nagnetic-recording |ayer on the unhder-layer; and a
‘protecting |ayer formed.on.the magnetic recording .
| ayer; - wherein the |arge grai ?Sdl anet er under.- | ayer
conprises crystalline grains of at |east one selected _ :
from t e g prammeldns irgdong ieys erdiah \sofse@U foich R any one
anq_: F%HF havi ng average grain diameter d. of dO z 50
nm- and e Clgomsp| aferedh tihe grgimesicpai@ldréling layer

t . strate surface. 2. The magnetic recording
n%gﬁg%l%gselgrﬁﬂ’iﬁri n SEFECHIre, Wediaon teememdeet icrystalline

r EdLng yel conprises. magneti ¢ 15 crystalline
grgglangghaeillﬁg %ﬁg&o&rﬁ?ﬁ’grrﬁﬁﬁﬁﬂsdﬂcmm Fach of the

The t4d rdi diumas set forth in any one
of %-Iliglg?réél‘f%é % lquwé;%é:{gﬁr’tghe | arge grain di aneter |
under - FayEhe mhgsetd.cclreamtdingshiedifuml 8508 FRMARIid 89% one of the
as total nunber of atoms including oxygen, carbon,

nPYeesgeng andadns f uwhezind. thEhenamgneti cdcoe@inlf Nayer comprises
medi um as set forth in any one of clainms" 1, 2 or 3,
VIFRESTEAC t FlevSaghing redosr of nat | bsest onenpelieaged from the group
magneti¢c crystalline grains held in plural on a

c?‘??&lﬁl:?i?gn Essgplgiad Ly ok Ke-Far §o-§Eaife-8t aamst @e-Pd.

under -1l ayer in an average areal density range fr?m

1x1012 &r dPRsPRAREtEE B3crrding meediuh Am sepSEGLtHThe any one of the
rec:ﬁr.di ng nediymas set forth in claim 1,

V\rrﬁgggt _ L he® et i"@qrgé%_r dieg Fagretigomecrsding medium  further
 EsRe & Sepull s bl A etncaatm sndagrinies comprising
e e T P Sl AEt . HEuEOrEY (Epgipe enclosing
BB G A e S UL LES AL B CROBEILE 1 bt the aroe
M Sy RO b LU R Tl

of the

‘9.  The magnetit:‘ reéo'rding mediﬁm' as set forth in claim
8, whefein the granular structured intermediate under-layer
' éomprises nonmagnetic crys'talline-grains of at least one selected
from t’he_ group consisting essentially of Pt, P4, Ir, Ag, Cu, Ru
Cand Rh. |

10. The magnetic recording medium as set forth in any of the
preceding claims, wherein the magnetic recording medium comprises a
soft magnetic under-layer having soft magnetic characteristics disposed
between the large grain diameter under-layer and the substrate.
| 11. The magnetic recording medium as set forth in any one of the
preceding claims, wherein the magnetic recording medium comprises a
Egrain orientation control under-layer having primary a chemical

‘composition of at least one selected from the group consisting



,PréCedihg,étaihs,_mherefn the_naghetic recOrdingiLayer
- conprises magnetic crystalline grains of at |east one
~sel ected fromthe group consii‘ing-essentially.of
Co-Cr, Co-Pt, Fe-Pt and Fe-Pd.“8. The magnetic _ _
recording medi um as set forth:in any one of the .~ .
RIS Cé%qlllg 1 85?%11&%%1%&11, tlﬂg), REt Gy €g rghthGe between the
medium turther ~conprises’ a granuldr stfuctured
LRl ate undes e§EngnaBOABgRStic -
é?%%%gﬁgkgg-aﬁgi%?ea%,%%rggﬁﬁggaﬁdaﬁy regiggé_ - -
encl oshdg FRE adpddife NAUBENA] Gl 3 Ald 1A FRHU in clain
di sposed bet ween %e arge grain dianmeter under-|ayer :

and {hergranald Gr86¢iBethaY8h: cShtAdE viRIIelifyer comprises
‘recording nediumas set forth in claim 8, wherein the

?x%‘i‘r‘xlsaﬁa\*?iﬁn% AR d §HeE AR Al 8Y8 50nm and orienting
onprises nohmagneti c crystalline grains of at |east
gtrm 03epeahed offr efet heagheu gammsbst tbgthesenbisgrhyeokurface.

, P.d, Ir, Ag, Cu, Ru and Rh. 10. The nmagnetic
recording nedi ufagieset fretblrdingamndfrépeodpengdrpparatus,
clai ms, wherein the nmagnetic recordi ng medi um
conprisénga -soft nagnetic under-|ayer having soft
magneti c characteristics di sposed between the |arge
grai n dimaghetiondecordyrg medivhe compriaing:11. The
magnet.i c. recordi ng medium as set forth in any one of
the precedi mgubk&irate,whbaryagrasnddgnetios urder dlaipr formed
medi um conprises a grain orientation control :
andde suhstirate, and pmagnet is cerer g lapapest theonnder-layer;
at | east one selected fromthe group consisting 29
@sdentially of NNAl, MiAl, MJO, NNO, TiN, Si and Ge
between the wunder-1ayer _and the soft magnetic . )
under - | ayer .2 proteg g dayies £eEBRdi Ry magned igepecording
forth in claim 11, wherein the grain orientation
&8HEF®l - under-| ayer conprises grains havi ng average
grain dianeter do, of do 50nm.and. orjenting . (100). - _
pl anes of’tH@h§¥%}ﬂ.t%%r§?¥%$ ?%P%?mé%ﬁmﬁf?gl%ﬁée;"layer _
S ESE ad Sl ROLE S 9 A LRSI M cod £rom the

group.consisting essentially of Cu, Ni, Rh and Pt, having average

grain diameter of d. = 50 nm, and orienting (100) plénes of the
érains parallel to the substrate surface;

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

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 réproducing signalVprocessing.systemg

proceésing recording signals and reprdducing-signalsL



- a magnetic recording medium conprising: a substrate,
~‘a large: grain di-anmeter under-1layer formed "on-the
substrate, and a nagnetho;rebogding'Iayer'on”the,
under- lrayer; and a protecting %yer fornmed_on ‘t he
magnetic recording |layer; wherein. the large grain. ‘ _
di anet er, under-| avet .connrising. cr I e Lns of .o o
34. Cf{na gg?éﬁ?é@éfcf%rg&aédyl%ﬁdd%% ?hggg{:us as set -

at | east one serec rom. rou consr

ey ‘gt?ig'é’i&% ??d l}lgeg '-na.teﬂ.éﬁgma@&&ﬁgngﬁgrl.gggmaumg héad i

grain draneter ( o0 nm - and ortent
H.'e%?a%%i% S0 rﬁg@sné E'?{hg'ilee‘ ol8 hBggsubstrate
surface; - a reCordi ng nedi dm driving nechani sm driving

the magnetic recordi-ng nediunm a recording and
reproduci ng head mechani.sm recording information to
t he magnetic recordi ng nmedi um and reproducing from

t he magnetic recording nmedium a head driving
mechani sm driving the recording and reproducing
head; and a recordi ng and reproducing signal _
processi ng system processing recording signals and
reproduci ng-signals. 14. A nagnetic recording and
reproduci ng apparatus as set forth in nclaim 13,
wherein the recording and reproduci ng head nechanism
conprises a single pole head.




