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*166166* 20 March 2006 MAGNETI C RECORDI NG MEDI UM AND
- MAGNETI C RECORDI NG APPARATUS . CROSS- REFERENCE TO
- RELAT, ONS Thi s application is basedpfarch 2006
and ml\mmmm nefit of 5 priority fromthe prior .
Japanese ll:ga‘tﬁg\.nt Appl i cationiNo. 2004- 090672, filed on .
Mar ch. 25, "2004; the entire contents of which are
~“incorporated herei n by reference. ..BACKGROUND OF THE
MAGREINTT GNECORTIGONDOEDIUN AND FAGNETOC RHECQRDING | X3 AIHASTU S
present invention relates to magnet i-c recordi ng medi a
and magnetic recording .'app'ar atus in which the
recording media are -equipped, in particular, to

. CROSSgREFFEBENEEOTAi RELASBPaARBUIEATROYA. . . recording

density and magnetic_ recordi ng apparat us such as hard

15 @hig @ppbb@,athom%rmw HIRAN @&k iclp imec shei hgnefit of
medi a are equi pped.' 2. DESCRI PTI ON OF THE RELATED ART

pr lﬂﬁllGY&%HQ/%{%?aﬁ%@ PetentaRplifatgamie y 2004-090672,

pplication _scope fromthe first conputer rel ated

-fllEHpPPcHPFSH £a-vaPPhastBeneptisg SppreRbei 8hswhigkhass

(0] recorder an car carrvin navi atlon system-
incRRRe 4L EA0nCRERn By B0 8rﬁsssrd|¥g 3 e oY

recordi ng and rerproducing.information. The expansi on

o e 1o e et ags o v e e Y

- encRGoh o SRt FVRRERONCcor i ng Capaci ty 25 g

E‘?E:T[.Br n’fﬁE%WErg@ﬁaﬁOSt Requi rements for HDDs

aVIng arger ng capacity have been increased

Re |O :grfg@@g Frdfnli §eg‘5|PQF 2’?‘8 lll{acgqrét%.% ?:888 ¥ding media

e requirenents capacil

| andrxe&&séﬂuwrtaeska@hgga/pma?seanaﬂyﬂw%ﬂebi/ee&c&fﬁ&Hé%ia are

equip‘ped} in particular, to -magn'etic recording media having high

recordlng den51ty and magnetlc recordlng apparatus such as hard

- dlSk drlves in th.ch the hJ.gh dens :Lty record:.ng mediaare equlpped .

2. DESCRIPTION OF THE RELATED ART
Harddiskdrives (HDDs) havebeen expanding their application
scope fromthe first 'computer_ related application to various other

applications, such as home video recorder and car carrying

_navigat'ion sjstem 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

reliability and so on in addition to their high recording capacity
performance wi_th low cost. Requirements for HDDs having larger |
fec_o_rding eapacity have been increased with the ekpansion of the
HDD application scope. Replylng to the requlrements, large

capac1ty recording technology has been advanced by lncreaSLng
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20 March 2006: recordi ng density of the nagneti.c
recording media. Wth increasing recording density of.
“the magnetic recording nedia of HDDS, the recZﬂhﬂmnh2006
bit sizes and the dianeters-for the nagnetization
“reversal units becane very &mall. As the result, 5
decr easi ng phenonena of the recorded si gha
- magnetization and the recordi ng and reproduci ng
reCpe’dﬂogndﬁaél&iaqu@dtb? mpegnghic regerdindomendae
obvi ously appeared for the very small nagnetization
r ev&m‘s;mmmetfss ing reeerdbng densidy of ¢he @awehc recordlng'
pear at boundary regions, between recording bit

'meda@caﬁeﬂ%ﬁgéheweserglpes*m so‘fZEife@l“é]a§Pﬁgd%@&%F%i¥%gf°r the

bits to.,a very small sjze, and the nois ave a | ar
magRRtAFENAOR ERURTE AL WA Y Sp3T19°Vs Ine ttule,

further densi

aod BRGSO LTS o £ PR A 4808 ene

re ord neti zagl on_at _one ha

redp edn?ig‘i‘spefgfiﬂcﬁaw bE? srmfesshgﬁg&e dPyt el
f1“&5§9§r§§°#&5%895§E§8%¥Vggﬁéggr§fuﬁlno?§% velry, Shddn

na P15 1 £5LB LTS PGB 4101 gt phich

app%)émltebo{fgggﬂrof ﬁn{é(dﬁ% aﬂéﬁ n Q;reaécﬂsdﬂ %. g rl?ec?ge large

magneti ¢ y use magneti ¢ recor

as %Qb@u@@vgft@g@ré@g %éoﬁnﬁ%%f@s sld v@P&u@inanl size,

(refer anese P Lai d- open

'anda‘ﬁ’%le' A8t 5aNgadesa i’ﬂ & Lin ol hip AP A3 38ehI: to noise

precipitating nonmagnetl c O by heat treating

| ratﬁto ap?b@&h@%\ﬁcﬁcﬁ@@f atﬁéﬁnﬁ.ﬁaff%&:tth‘é Eééof’élﬁ&'dens ity,

- open pli cati ons Nos 3-23521 and Hel

it @s 2Lﬁzﬁfﬁed Recaitd in thezmalestusif DEy o ﬂhéljﬂﬂzorded signal

~magnetic recording. |layer having so called granular -
nagidgtieatienohtabnedhiyd adshd gi oXxtapsi med t@atiadn Gow noise
the magnetic |ayer was applied. In .the granular .

'eha&tardt@trlme:d.cmgmehllgh ragerdingndegsdtiyc agr &he bdzham‘ah;md.

mat eri-al encl oses magnetic 20 March 2006
In order to decrease magnetic recording medium noise, 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 have been made small by adding small amount of Ta or B (refer
to Jaéa'nese Patent Laid-open Applications Nos. HEI 11-154321 and
2003-338029), and by precipitating nonmagneticCr by heat treating
at appropriate temperature (refer to dapanese Patent Laid-open
Applications Nos. HEI 3-235218, and HEI 6-259764). Recently, a
method for obtaining magnetic reeording_ layer having so called
granﬁl‘ar structure obtained by adding oxides sueh as Sioy4 to the
magnetic layer.was applied. .In the granular structured magnetic

layer, nonmagnetic grain boundary material encloses magnetic



.crystalline grains (refer to. Japanese Patent . .

- - Lai d-open Applications Nos. HEI 10- 92637, and
2001-569. 22). Since. these met hods are not suf20§&gﬁﬁ2006
for making the magnetic crystalline grai'ns of the
magnetic layers smaller and Zre not sufficient for
separating each grains magnetically, a ‘met hod of
usi ng under-layers having smal | er grain dianeters was

- crpRakling GRS tRefeRrtomipRAnese Batent inidropen

(refer _to Japanese Patent Laid-open Ilcatlons Nos.
AR LG 10 O B AE B Db SR A1 @@i\ﬁpﬁ
addition to the met hods descr.i bed ove _ o
crystSreeet hpaenRetRodRe agfideh %ﬁ’ﬁ?"r“;ng the

however, there.occurred, a pr em of d cre sing the :
magyet 5 FFESLal LR T aHis A N aBer Lo %Yelgs smaller and

under-1| a The decrease of . under-J a er cryst al
ara?.rmﬁ%%@%f%ﬁ%&%&ﬁ% i et {¥ally, a

LNne

nefidH s pindpderTade? ézae\?‘iri%i%f T Eepstangters vas

a%@%@' R b e S o SN
H’% reaEf%‘f%%ﬁ%%@Séé@fF%? %l‘ﬁeﬁee%?%b e/ 99637, and

5‘@496 24 rea%(?ﬁge% ir{wgﬂi dsté Gy ﬁl%ﬁ ‘described -

nov nagne aV|ng exce
mwlte characterlstlcs and signal to noise ratjo
5 real i zing a smal |l average grain diameter wthout

decr ‘(t::ﬂ% c%&&fﬂﬁiébkhﬁlﬁs 9 €H|é %Hd%&-ﬂ%%@‘iearéﬂgdé small,

magneti ¢ rec arat us equ

hdGEPEA] Nh }% Let%Pélﬁ‘ ¥ dEB%eQE?ESnEhe crystalllne
ave per |

|nvent|on varlous 4 20 Marc

lfe%% %%f&z%ﬂgefén adélg e €i YOt hé hﬁ.délelia%ﬂg '1'1{24 dRlease of
under-layer crystalllne orlentatlon degree 1nfluences upon the |
magnetlc crystalllne gralns as a decrease of crystalllne
orientation degree, and that results in decreases of overwrite

characteristics and signal to noise ratio of the recording and

reproducing characteristics.

SUMMARY

Example embodiments of the present invention are directed
to give a solution to the problem. One purpose of-the present
‘invention is to present a novel magnetic recording medium having
excellent overwrite characteristics and 'signal fo noise ratio
(SNR)'realizing a small average-grain diameter without decreasing
- the crystalllne orientation degree, and a magnetic recording
apparatus equipped w1th the recordlng medium.

Theinventorsofthepresentinventionhaveperformedvarious



~finding is that good crystalinity, good orientation
degree simlar to the under-layer and very snall
grain di anet ers are realizedq for the magneti CogmMarch 2006
crystalline grains in the magnetic recording |ayer,
when the magnetic recording layer is. forned on a
ex1¥8iRd Motk hadnBavedist ke Fodllo@ingNntétest fFfinding. The
avi ng- average diameter of 50 nm or nore and oriented
£ihdehg i610MNt gboaeryraalirsity ogbbé cxilesitadtion degfeeeimilar
Exanpl e enmbodi nents of the present invention are based
to OFhé hendérdi aygernrchd wemersmak X grairh e ifametiens. ane realized
-~ accordance with an aspect of the present invention, .
fot ktlemd gt ave desital higegriadnsetotiemagneatiigwecording layer,
conprising a substrate, a large grain dianeter . )
whendde hayret ioreedrdinghlayeubstformed an gggjftalline grains
~recording |ayer on the under-layer, a protectin
undeyelayernefl Gn tle RhgeetBE haé@aqdaﬁgrasyeﬁ,lamg%mf 50 nm
the large grain dianmeter under-layer conprises :
orarozst andi oeiepteddhedr 4100dptanse padiaddedqte i spbstrate
group consisting essentially of Cu, N, Rh and Pt,
sutaderg Exemrdge epbadamanbaeesr the Bre@sntoinyeRtigy are based
orienting (100) planes of the graing, parallel to the
on sthiss tfiiada ngupnd cBur thefe works 8] FRAct IS of t he
| arge grain dianeter underlayer haying broader fl at .
sur fac@agordepaec Widhel aBr @SBRSS r abl &PepRETTFhint fvention,
results show that the desirable ave ,a%e rain -
theremdier PEPVAREH cr3) s MASPEhAC o ERRE S RI5 R BT CQPREHsing a
and nore desirable dianeter is 100’?f51m r _larger., % th
subs At cr st BLIF i PERMAVIHGRESGr o %’31?&'5@ f%me on ©
- further desirable. The cr% talline grains gf the lange a
supstrateli afet®RINSTHder FPEQEIING o 1G¥ET r £ e 'F5 Hipfer—1ayer,
broader flat surfaces. The desirable average grai .
. pratemeing 1aveso SHEA PAr §BF PAARCEEE MCOMHRSagalgge Rerein
- grain dianeter _of 100 nmor Jarger is further . ‘o
thieLRTaI S1a 17D HARERCB00ES SANGTe COPELrS (1R Gaklipg orains

ofngt g]r.ga!ls?t bo%uendsaerl\écxzcsednyggm ree gqr%%lpr %gl'\gisting essentiélly of

Cu, Ni, Rh and Pt, having average grain diameter d. of dc 2 50
nm, and orienting (100) planes of the grains parallel to the
substrate surface.

. The crYs_taliine grains of the large grain diameter
underlayer having broader flat surface at atomic level are
desirable. Experimental i:esults show that the desirable average
grain diametei of the crystalline gra.ins is 50 nm or larger, and
moré- desirable diameter‘ is 100 nm or larger. A s_ingl_e crystal
film having no grain boundary is further desirable.

The crystalline grains of the 1a.f:ge grain diameter
'underl-layer are desirable to have broader flat surfaces. The

‘desirable average grain diameter is 50 nm or largexr than 50 nm.

The average grain diameter of 100 nmor larger is further 'de_s irable.



-Even if the filmsurface is not sufficiently even -
having a certain degree of roughness, the filmcan be
avai | abl e when the filmhas [large fraction of a6 RIx&£006
surfaces that formthe film surface. The findings of
the present invention are very interesting because
smal | grain diranmeters can be obtai ned by using under
A sliagdes ryehda Infii 1mhgw iggaiogda inbbandai yis muclomomerdesirable.
contrary to the procedure previously used to obtain
Evendlf thed iimisamréncesis Tiod snéEfhaneshlyfevemhariing a certain
small. grain dianmeters is not clear at present. It is
degueaeiqif memghnes st,h& henfidmecantbeaviakid abdeowliengthedfilm has
reproduci ng characteristics.of the recording nmedi um
laggeofueaion of Heepracensur fisees  thatnfome tWig fided surface.
partially by an inprovenent of the total film
{1 affhesEindengsli a§ phet presert | Apventlion tare Meery interesting
excel I ent under-layer crystalinity. Furthernore, in
begaesn dadd drain dhomeseraseattbeoobtatned dgemsing under layers
invention, there is provided a magnetic recording and
haying odatgngarappadiemete onpr B8 mp @r magret | contrary to the
recording medium conprising: a substrate, a large
prgeedyrali Bretiausdydeisddayee Pbtabe smalhe drsibstdiameters. The
and a magnetic recording :layer on the under-layer;, and
meghasisit eof i palagéngf emedd ofraine dbgmeitars rdsomditngclear at
| ayer; wherein the |arge grain dianmeter under-|ayer
PredeRyt - sﬁtngSc?%%Jedqneﬁletgabime igpravementasit the. recording and
sel ected fromthé group consisting essentially of Cu,
rerodyg ngh Fharackhayisig apy erfageher apeontliagemedivh decgrding to
50 nm and orienting (100) planes of the grains
thePEesAIt tiveREisnbaay dpe oktainede pagtiably dhh@metinnevement
driving nechani s driving the magnetic recording
ofngheufPtal r Ebr dflafness daslodirg nerofestivecBamesndue to the
recording information to the magnetic recording nedi um
exgetlente ppgaticlanpy copstabintiddheti ¢ recordi ng nedium a
head drijving 20 March 2006 5a_ mechanism driving the
r ecSPAFRRIMGG r Pr BECRYIANRe Hth appther aspect of the present

invention, there is provided a magnetic recording and reproducing

apparatus, comprising: a magnetic recording 'm_edium, comprising: a
substrate, a la'rge graj.n diameter under-layer formed on the
- substrate, andl a magnetic recording layer on the.under—layer; and a
protecting layer formed on the magnetic recording layer; wherein
the large grain diameter under—layer comprising crystalline grains
of at least one selected from the group corisisting essentially of
Cu, Ni, Rh and Pt, having average graih_diameter'of de 2_ 50 nm, and
orienting (100) piane_s of the grains parallel to the substrate
surface; a re;ording medium driving mechanism, driving the magnetic
recording medium; a recording and reproducing head mechanism,
recording information _to .the_ magnetic recording Iﬁediwn and

reproducing from the magnetic recording medium; a head driving



recordi ng and reproduci ng signal processing system

processing recording signals and reproduci ng signals.

Exanpl e enbodi ments of the present. invention g ¥df2006

a novel neans for obtaini magnetic |ayer haV|ng

very small magnetic crysta i ne grains and nagnetlc

ecordl nedia .fo [ densit recor n
mech%%%w APLEVRS pBe T Q&Pgr.fﬁq cEoRRoMGIdgRegt and a

naI al n0|sedrat| N? ch 2006, BRI EF SCRIP ON

recof WTRES, E%‘@g flgga a REORERRLTE 2S5 T8 lowProcessing

net | recordlng medi um

recog&léféﬁggg?oq%#ighg ad%ﬁﬁﬂg I e bresent
BBk 8 LT 0P BB

meand ¥ o Sgte Aol o1y ' Bt fogecic

cryoRFRE) "ol RAROEL) PLadbl SRl YR bR ety

recoP@d rﬂ%v#ﬁ %gglféﬂg QR%%@%%ﬁéu%ﬁ%ﬁ%e&8£is{f3§ and increased

tetr gona Ice struc

s1gn§fh§ﬁ%b gal Ly ghown cross section view of a nagnetic
ecordlng medi um conprising an orientation contro
under -l ayer according to an enbodi nent of the present
invention. 15 Fig. 5 is a schematically shown cross
section view of a magnetic recordi ng nmedi um havi ng an
I nternmedi ate under-|ayer according to an enbodi ment
of the present invention. Fig. 6 is a schematically
shown cross section view of a magnetic recording
medi um having a soft magnetic under-layer 20
according to an. enbodi nent of the present invention.
Fig. 7 is a schematically shown cross section view of
a nmagnetic recordi ng medi um having a b|a5|ng | ayer
for a soft magnetic




under -1 ayer according to an enbodi ment of the present
invention. Fig. 8 is a schematically shown oblique

view of a magnetic 25 recordi ng apparatus accxyMafh 2006
to an enbodi nent of the present invention show ng the
construction by partially rémving the Fig. 9 is a.
-graph showing the rel ation between the average

di anmeter of Cu and the overwite characteristics of
‘Exanpl e 1. 20 March 2006 7 Fig. 10 is a graph show ng
the relation .between the. total- ppm of oxygen,
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characteristics for Exanple 1. Fig. 11 is a graph . o
shofilflg fhasr &) SCRSRAbICAEY SHOVE, SEGFS SHian griew of a

IS L D B s SRR Bioene

invh el.ation between the average dianeter of N Al grain
S8 overwrite characteristics for Exanple 4. 10

DETALLED PISCRIEH N Rl NALhELn SIRAdNTEL S, ofe L A gnetic

- preseé invention W described*in

: 'rec{scﬁ{) rn%nfggég f{}fadlﬂg‘@ﬁQG& @&rt{id@m@d&ﬁﬁegﬁ&%fﬁé lr%agnetié_

Wn “crosSs section view of a 1 gnetic recor
-yrgq:q‘j ce IR0 Mdizmantofo ter%qii; .
cr [ nvel%{l:n%n_g}r& n%r gté‘.}agl%al n glijaarreter l?ndtéslt%/er glo attice
tRfcthifi@ShecBRAing E6L & EhBSU Hentl of Rty gﬁ%& t Sinvention.
s.-xglltcspose C_gn gls .bstra-t'e 11 ase-r_slho(\bfm iné 1 g. 1? Ir?vteﬁle lor_l _
| 'argq 4Qr iy laaé’&{exﬂa?@icﬁy%ts%'okdnnéxaﬂ{)%fﬁf &he ring pattern
ori ented such that each (I00) plane is parallel to" the
for?@hBl e pfoddle 1uReae ByErtheadtaugbaad theretelstdhucture.
the grains are 50 nmor nore. A magnetic recording
| ays11Gl4 4i Ssdiaspenethatichalay kaoyh cdodish dettdonlZdew of a
and a protective layer 15 is forned on the
magnetic recording medium comprising an orientation control

. under-layer according to an embodiment of the present 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 recor_ding'. medium having a soft magnetic under-layer

according to. an embodiment of the present invention.

Fig. 7 is a schematically shown cross seétion view of a
magnetic recordingmediumhavingabiasing layer for asoft magnetic
'undér-_layer according to an embodiment of .the present invent_ion .

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

- recording apparatus according to an embodiment of the present

‘invention showing 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 Example 1.
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~ magnetic recording |ayer 14. Furthernore, a | ubri cant
layer not shown in the flgure is formed on the

protective. layer 15. 25 For the purpose of. przummdﬂNQOOG
the growth of the crystalline -grains in. the large
grain di aneter under-layer I2a, the substrate can be
heat-treated before the deposition, in the mdst of -

the deposition. or after the deposition if necessary. | N
- The Rigat 190182 @falUO@ll%mréhle tahabéonxeetivesn ithe total_ o

reduci ng gas atnosphere such as. ._h drogen S - '
STy o ite

. PP @fe O5I9EN [CAIHON rc A LOgiym U

absorption is. allowable. The | arge gral n d| anmeter
chapasdeyigtdics) Zoth BXampi& yIstal line 6 particles in

whi ch cr stal pl anes are orientated to . a direction is. .

desifigh &1t 2USEPRh Shavdad FB?e"re]rach‘Féh?§§W?ﬁé‘ the a"erage -

net i

n@%@ b feBRabar SrrRtofTLit bl BR9REE Gencineter and
a],gsoed % njrf%\ ay di ffracti on nmethod. Experiment al
t-very small grain dianmeter was . _
bt d the 1
r’argﬂ 5 1l 0 TRBENE L8 BEReBHd Mprase

| diaB{} erl.ysolﬁlﬁlﬁﬂgrga%.rpsan%f' g{l{%@é’fﬁﬂt@%h %rc\(:%tﬁ.stlces for

cryst ine grains having avera
EX éqéi 4 diameter of 20 nmor | ess are desirable for
a|n|ng hi gher 16" SNR, and the magnetic crystalline
grains having an average dianeter range from7 to 2
nmare nore desirable. Wen the average grain

Dgﬂﬁ@ Hpsiripergiponetic crystalline grains is above
nm the SNR decrease is substantial, and when the

averr?&eeﬁfa?fﬂbr JdeapBhehentst & mg@&teb@n%r Yibehtidg will be
grains is |ess ‘than 2 nm 20 thermal fluctuation

 dedb¥ alid i 1y 4 i ORAHIPd fersils al ithe dra@ingRgnetic -

recordi ng medi um havi ng double or mnulti pl e magnetic
layerisg. di titera ehenlatiloalllyy siovns credsi sedtionhadew of a

the average . dianeter in the range described above,
magnetic recordlng medium accordlng toan embodlment of the present' '
J.nventlon.- A large grain diameter underlayer "12a of at least

one selected from Cu, Ni, Rh, and Pt is disposed on a substrate

11 as shown in Fig. 1. In the large grain layer 12a, crystallir_ie

‘grains are oriented such that each (100) plane is parallel to the

plane of the under-iaye_r,l a.nd average diameter of the grains a;‘e
50 nm' or mbre. A magnetic recor_ding' layer 14 is disposed on the
large grain layer 12a, and a protective layer 15 is formed on the
magnetic recérding layer 14. Furthe_rmc_)re, a lubricant layer not
shown in the figu_fe is formed on the protective layer 15. |
For the purpose of promotihg the growth of the crystalline
grains in_. the I1a.rge grain-diéme_ter under-layer iza, the substraté

can be héat—trea_ted'be_fore the deposition, in the midst of the

deposition or after the deposition if necessary. The heat
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For increasing grain growh of the large grain

di ameter - 25 under -l ayer, anmount of .carbon, nltrogen

and sulfur atoms contained in the |arge grai n20March20()6
di aneter under-|layer are desirable to be as small as )
possible. The total. amount &f' | ess than 10, 000 ppmis.
desirable, and 1ess than 1,000 ppmis nore desirable.
 The amount of these atoms 20 March 2006 9. can be

‘treafiendt fanpheatigeruteredns dnrepietng urmpy iusEpheye SuCh as

secondary, /i on mass. spectraoscopy (SIM), for exanple.

hydregenga: lgﬁQCPSﬁégﬂetuEn&%%f’r?nesguaéll@nwnwé ydrogen

netic rdi | ayer .14 are formed in spite of-
a@ﬁ&Wﬁggs -di armet er’ under -1 ayer formng

rains on average on

unber .of, ¢ line B
Cry o T3 e Slondke ol aher dd bavios cr{yfar@fnme_
A |
w5 S BB OO 5 VA o 10

aesfEAMLTco 8 ORLAIE AR DI BB iniie particte

or;lgﬁEE@i‘éﬁ%f%%ﬂnﬁ}?eﬁ\éef&g&rﬂr?&# eg ,[S'h ﬁefﬂﬁfgation degree

magneti c crysta ne gralns I'S

canig fS)éla%g\é/m%tel%?%d ar ai n S %?engltfggggylfé{@q? r €s U?i‘ .#lxental :

resh€sPs t?c‘? Nhd 8ROk Ra Eh %&mtdla%%egaﬁgg t 6k§ta1nelq5 for t.he-

crystal ne gral n-arrangemnent essenti

magAE8eE bt HigUl Sy &f wh%hr@ﬂgg%lo Pga(#élc‘? § SmdESk rlﬁl@e%-layer

because the noise |evel of r g an reproducin

with the case for sordered™ arrangenent. Fig
plasebematically shows a structure having a tetragonal
arrangenent of nmagnetic crystalline grains 1 in the 20
maghhel magaeeid kg ylsaydl Oie tdiea IRGNEAV Eng €506LhH8 grain
medi umin an- enbodi nent of the present invention. L
diafetteagofal20 Inat birc @ ests wote idesilrasige Ny dﬁtmgﬂeélwlgher :
...crystalline grains 1 of the.magnetic recording. Iayer
SNR14a@ghuj@ magnetlc crystalllne gralns haVJ.ng an average

dJ._ameter ra.nge from7to2nmaremoredesirable. Whenthe average
grain diameter of the magnetic ' crystalline grains is above 20

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

‘'diameter of the magnetic crystalline grains is less than 2 nm,

thermal fluctuation durability detrioration is substantial.
Formagnetic recording medium having double or multiple magnetic

layers, 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 gfain diameter under-layer are desirable to be as small
as poss_ible-. The total amou'nt.of less than 10,000 ppm is desirable,

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



eval uat ed by i nmage proceSS|ng and anal ysi s of .
transm ssion el ectron 25 mcroscope (TEM figurers: for
~ the layer plane of the magnetic recording | ayeo Mdkch 2006
- spectrum can be obtained as a result of a fast
‘Fourier transformation-of a9inary figure obtained by °
|ncrea3|ng contrast of the figure for magnetic
ystal li ne_grains 20 March 2006 10 1 and in

.' CantRﬁJﬁHaH}aF%@ §“E§Fr@1%ﬁFﬁ%§BeﬁF6%%%%Wld%§b "or sécbndéiy

sof twar e. netic.crystalline grains

B anal yZin -
._lonc%%sg éﬁ?ﬁﬁﬁQﬂQ? ﬁé ﬂ aff frent  of tetragona

10

16

20

25

o by %&%ﬁmiﬁ%ﬁﬂ% el %?J%%&%Zﬁ}hﬁ figgnet ic

B R

atafiptefffitder %ﬁfﬁ% blptain é@%‘%ﬁ%ﬁgfﬁkﬁiﬁé gpeins

on M&&&gs&% la:l:gﬁg 21 &39}1' ?ﬁetﬁcfg 1g ”B@Qﬁle%%r control

recor anal yzi ng I on

1ayB3! §§410S. Aeéﬁgewgréaﬁagnsét 8{1%1(-5?%%159915oaig;elcamne -

under-layer |ncreaS|

gra%m' eEL?ﬁ@ agtinéaf“er el%%yer r@‘ia%&}.l H3 uh'};‘ E%?)g]ezﬁfggm 1x10%

désirab

.gra?{l.n%ggz tqs & der P:% %Jzaﬁgoqﬂas Mphd 4196t ining

e practi cal

inc¥Bh8EHANR OF THd QﬁRQié@fea“é?éE Whlen tREfvdr@fE akdR1 @bnsity
| east one selected fromthe group consisting

of ﬁ?éﬁﬁgh@ltlll‘: é’f‘ ﬂ.ll%'ﬁrai\@@ls’\igs €hhn ﬁbola@@a@‘?xg Jen?,

can used he orientation control under-1ayer

' andneRsb PRbn ek sepa8e e sl gk a86TE §.0:NG e .

grai n di anmeter undér-|ayer 12a. i s desirabl e that
cryEkpbkumengaalmesuﬂt@hefothenpaésent towenbbrs show that
under -l ayer 12b have a (100) orientation, because
thehinggaeticr cmtsa\:taldmmteggmmfaﬂanmemt eNssentlally in an
crystalli-ne grains in the |arge

~ordered structure of tetragonal lattice is des:.rable because

' the noise 1eve1 of recording and reproducing characterlstlcs can

be substantially reduced compared with the case for disordered
arrangement. Fig. 2 s.che_matically shows a structure having a
tetragonal arrangement of magnetic crystalline.grains 1 in the
magnetic recording 1ayer 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

evaluated by imageprocessingand analysisof transmissionelectron
microscope (TEM) figurers for tﬁe layer plane of 'the magnetic'
recording layer 14. A spectrum can'belobtained_as.a result of
a fast EonrierltranSformation of a binary‘figure obtained by

increasingcontrastof the figure formagneticcrystallinegrains
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grain dianmeter .under-|layer 12a can .be obtained.. 25 In
thi.s case, larger average diameter crystalline gral ns
of . orientation control under-layer 12b are: deslzomrehzooﬁ
because the growth of the Gu, Rh, or Ni grains. is -
- pronoted.. The desirable avH}age di aneter of the . _
grains is. 50 nmor larger, and the nore 20 March 2006 -
. 11 desirable average di ameter of the grains is 100
1 amd grdiar gmund;arwlEGQLVBSauSinUnﬁMM@gm@@cwwlng and
. ‘boundary’is rmuch nore desirable Wen the filmis
analiyaidg foftware ai Thiegragnetie ¢ryvatailive asins can be _
- provided that the filmhas.large fraction of terrace
regandest £ haypan arrppgenentRs Jormpk lapd imgyAtrugture

record| ng medi-.um of .t he present |i nvention, a magneti ¢ '
wgwhgyepaiaeﬁam |3 Shajih A Eids 3 Ganpe Fseomized.
desiir: I he nonrrag%?eu C ‘?ral n boundar%( regl ons.
Pragide e griandrmeent, (3R hadrertitrpredoPyi ﬁgndlng two

ca ses 10 a decreas n the exchan
Libétﬂ%@noﬁaﬁﬂrgfjl X 'wgt 31 FALE giabhe dhgtances

ads an. increase in SNR erials for the.
to é@é’(‘?‘hter’edo?d}n]g/‘?zayﬂ&l i‘gd fﬁxZ?sorH%L%agw Boys Simplar
oo R e A Y T oo
T .
o HhePadHkRicale STy B, A58 ARLF e85 end e pract ton

Urddeir high thermal fluctuation durability because

-Pae‘these ‘materials have hi gh cryst al I'i ne ani sotropy

t It
ot PO koD PR 6E5eREat R TORICY Bibroayer 120

for2PnefdidiNg _r(qlo‘i‘ﬂeﬁi§né%é}§ta@iorﬁofame gry%ﬁ:a]bllne grains

necessary.” The rmagnetic recording layer 14°can

in #06bh 8r§ér §EA 1 €11 At B QifRdAiTdyavern st rlléca%@_rabﬁe to be

t hese structures, the advantage of the granul ar
dls@bbledt Beewean bneOBt:asagswhen ahdl tasge graln diameter

under layer 12a.
For the practical material for orientation control
under-layer 12b, at least one selected from the group consisting

essentially of NiAl, MnAl, MgO, NiO, TiN, Si, and Ge can be used.

‘The orientation control under-layer 12b need not be disposed

directly adjacent to the large grain diamerer under—layer 1_2a.
It is desirable that'erystallinelgrains of the orientatio_n
control uhder-la-yer 12b ._have a (106) orientation, because higher
orientation degreelof Cu, Rh, or Ni crysralline grains in the large
grain diameter under-layer 12a can be obta'ined. _ | |
In thls case, larger average diameter crystalllne gralrls
of orJ.entatJ.on control under layer 12b are deSJ.rable because
the gro_wth of the Cu, Rh,.or Nl grains is promoted. The des:.rable

average diameter of the grains is 50 nm or larger, and the more



10

._15

20

25

one of the nmulti-layers is granular. 25 As shown.in

Fig. 5, an internedi ate under-|layer 12c for

controlling. characteristics of magnetic r.ecor2b March 2006
Iayer 14 can be desirably disposed. The crystal-
orientation degree can be ilirproved by ‘using 20 March .
'_2006 12 a granul ar structured | ayer as the

‘i nt er medi at e under - | ayer 12c. The recording and

-'desxmlcajwar@g@hdnamaéers@f dhe graias Asr bA8an oXjarger. A

i mproved crystal orientation degree in addition to.

singlecryabdl §ilmhavaiqg »e graisibaundarsiamueh npsg gesirable. -

di aneter 5 distribution. For the nonmagnetic
Whertithet 6i1m s wacEeRaAL agferrin .dﬂgéﬁ?ed BPedeH%Iéts pggitable
12c showi ng[1 granul ar structure, Pt, Ir %ggg Cu,
proifdedgharthe Siladamhilerdesdr abc‘eth%'ét?f 1?%%%0 faces .t_hat
- mat eri al s are desirabl e because they show. good
forn ihe LB FRFA0 with nagnetic crystalline grains

B o L S e
2 nqGyer-qarShdatns deePiand bR AR g SR Bre 10
aes FEBLRs “ofhe naoppdimphie: SPAIE PR £ #f%%‘%%gsnahe |
graffifis Sehistise ! Eh@.efnggp@ Y Wl ARy £I87LE 9P Ccauses

S are Ssul conposin

a dgegagéaylhe%%n%h iR a,{@ax% {64 EQE%EB' ing netic

I on ormngt nelc

cry§£¥§l§.‘k1 a%ag_ & %%(qiqé&%crarpeﬂxapgaseam ERRY can ?ﬁ

ara easl npounds such as SiOx, TiCk, C

gll“s_ra%fggﬁnaﬂ_@ﬁalﬁ By ThiXmaghleicTahbeo il {ing iaﬁr 14,

can be cited as materials for form ng the

d158£aé9edb9mm@l9éysﬁ@ﬁl 88scodde dt @o-ats, ogderedchilngys such
t he under-| ayer

‘as Fe-Pt Co-Pt and Fe~Pd, and.multl layered film materials such-

| as Co/Pt and Co/Pd can be des:Lrably used. These alloys and

multi~layered film materlals are des irable for tneir high thermal
fluctuation durability because these materials have high
crystalline anisotropy energy. Magnetic prop’ertie__s of these
alloy and multi-_—_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 structurecan be obtained when at least
one of the multi—l.ayers is granular. |

As shown in Fig. S, an intermediate under-layer 12c for
controlling_ characteristics of magnetic recording Ilayer 14 ean'
be desirably dlispos'ed._\ | |

The crystal orientation degree can be improved by using
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by i diRF e

_ can include magnetic- el enent when the under-|ayer is
nonmagnetic 25 . as the whole. Wen the magnetic - :
recordi ng nedi um of the present invention is apRE&r2006
as. a perpendicul ar magnetic. recording nedium a soft =
magneti c under-| ayer- 16 canlBe di sposed between the

. large grain 20 March 2006 13 di aneter under-layer 12a
and .the substrateé 11 as shown in Fi-g. - -Di sposi ng

a grapuderts wegpered Jnger payde wteﬁmﬁﬁéa ¢g-layer 12c.

recor di ng nedi.um descri bed above,  so- called .

The,&esoGing andsraaaeﬂacnawbaraﬁeﬁywﬁrcgc(%ﬁgnrlm:tl@drreased:_

The sof t naqgetlc nder- I'ayer lay a partijial |,
@%bt%‘%m‘i‘ RFTR AL gl kon to the
i nduced éﬁthe recordin netic fjeld, froma :

smad 1 VST AT oHE phs SLAG AR BHRLITY €7 Hughianecer

et recordi ng medi um and turning back to the
%g%ﬁha? Rhead. Therefore, .10 the soft magnetic

sl MEE ASAIREEEY Loy MR TIN B ;dio“f? the
ntséﬁé%i%@n% WREHET HakEE ,ier BARLRG, g'génﬁ&%structure' Pt

P L TE2 Y ey oo (LRI A RSy dezﬁ@?g Féﬁ*@#\% metal

matfea};rhﬁ] %'rteedeéaréﬂfe Sﬁééaﬁ@& riﬁ"féf g!ﬁ%@:e yfét tchlng

exanpl e own In. Fig. |aS| ayer

- witlfmdynResed PRI VEEN Ad g reails FRAIE kg 'n@é% %@c%ﬂﬁﬂ&q_ayer

substrate 11 ‘as the bi"asing |ayer In plane

14 HBSBEibéd laBo¥0a @ ithkg ¢ AMRApLbLe cxfyslﬁalaaﬁléﬂtaalaﬁaegree
be applied. Magnetic domains are easily forned

of trdae;n%&flt: @?eebuqmadgfahﬁyeéf léne %ﬂé&a&%ﬁqng layer
domai n. I s induce spike |like noise. The formation ~

14 .0of magnetic domains can be avoi ded by applying a
magnetic field in one r adi al direction of the biasing

'l ayers theamdtapphysngf hilesiing:drineddlid e dirléasifayer 12¢ for

composing grain boundary regions of the granular structure;

chemical c'ompounds ‘such as oxides, nitrides and carbides are
desirable. These compounds are suitable for composing grain -

boundary regions because 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 siox, TiOx, CrO., AlOy, MgOy, Tan, SiN,, TiN,, AlLN,, TaNy
S].Cx, TiCx and TaCx can be cited as materials for forming the grain
boundary reglons The materlals constructlng the under-layer
can J.nclude magnetic element when the unde_r-layer is nonmagnetic
as the whole. | |

Whe_n the mégnetic recording medium of the present invention
is applied as. a perpendiculat magnetid.recording medium, a soft

magnetiC‘ﬁnder-layer 16 can be disposed between the large grain
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magneti ¢ under -l ayer placed on the biasing |ayer 17,
The biasing 25 layer 17 can be a multi-Iayered
structure with finely di spersed ani sotropy fi gd)d,@arapzooﬁ
avoid formation of |arge magnetic domains.” As the
material - for constructing 't bi asi ng | ayer, CoCrPt,

" CoCrPtB, CoCrPtTa, CoCrPtTaNd, CoSm CoPt, FePt,

CoPt O, CqPt Cr O 20%m@é§64(ﬁ%3}

diapgeept uadep-iaetot? dr 2y ate dd ag ég@wn in Flg
substrates, Al aIon substrates or Si single crysta

_6- substrates with oxide surfaces ceram c -substrates,

100 g B ASaERE B i I8 TAG Bpensc

cocB BB o e R 1 é;%P%SHggnegﬁ%ﬁular

5
B A
und%gt-%gg‘e?d 1%35EQ§| _ﬁB‘E‘E&hgth%%& Heber Eagagégt% he8d of

g eac ayer eSCI‘I

ret‘ﬁ?ﬂ#d? ﬁé(ﬁogﬁilé'm)g%meﬂ Fynéi &Edﬁ%ﬂﬁdé&c field

ecul ar beam epi taxy net I on beam

fro é‘%qrn%tl'eo o TB R g£§§ €hg Mﬁ%rﬁ%l@ Bﬁgoﬁaﬂ the mggnetlc-_

em c por deposition nethod can be used

| rec'o'%dq g.lnf&&dﬁ\ &4 ehirdi BN €o £RE ﬁ.h@h@mémwcﬁt uq:ner&ore,

according to-an enbodi rent of the present invention
theSderRhghaat L¥ undehaVaderied £opss ed dhitdie Mighet L& #elbbrding
removing covers. In Fig. 8, the magnetic disk 81
medde§0 Ia% o rbhe Foesemtainivignti eharp ahtlash€ditaenle
spindle 82, and is driven at a constant rotating
perpRedd dilaa fpgnet ecbierqd Rdiths bavichehbandgitwde Thend for
.20 slider 83 having a recording head for recording

 indrefasrimgf ithe aedordikB hadd repdodepiogueiffigctikacy .

recorded information accessing to the surface of the
nagﬂeﬁmmbdlEbsaalusFaTaach@dTaﬂ,thFet(ﬂﬁxﬂFeﬂoB, FeCoN and .
suspension 84 constructed by a thin plate shaped fl at

-”Fe'lzam‘ q:a;g beThited as the soft magnetlc under—layer 16, for example. e

As shown in Fig. 7, a biasing layer 17 can be disposed
between the soft magnetic layer 16 and the substrate 11 as the
biasing layer in plane hard magnet film and antiferromagnetic
filmand sooncanbeapplied. Magnetic domains are easily form_ed.
in the soft maghetic- .u_nder-layer 16, and t'he.magnetic domain
walls induce spike likenoise. The forinat_:ion of magnetic domains
canbe avéided by applyinga magnétic fiéld inoneradialdirection
of t'he__biasih_g layer 17 and _applying‘ bj.asing field to the soft

magnetic under-layer placedonthebiasing layer17. ~ Thebiasing

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

anisotropy fields to avoid formation of large magnetic domains.
As thematerial for con'structin'g thebiasing layer, CoCrPt,

CoC_rPtB, CoCrPtTa, CoCrPtTaNd, CoSm, CoPt r 'FePt, CoPt0O, CoPtCro,
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suspension 84 is connected to .one side .of. an arm 85

" having .a bobbin 25 holding.a drive coil- not shown in
the figure. At the other side of the arm 85, a2yd4eh 2006
coil motor 86, a kind of linear notor, is disposed.
The voice coil nmotor 86 i s Monstructed by_a magnetic
.circuit conposed of a drlve coil .rolled 20 March 2006

B e

TR, MR SRR et SR

euBAEEALIE N ORI PSR! T ESpepy B ARG aoesc

&' posi 11 on o

) suxgﬂ%meen@&ﬁesgcuggae'rfg}nag.% st ed 11 2 Taete 88 Yanic

wn. partia ter, exanples of the présen
' Jor gy Np b esGid b n > pLe
skt kabisctesen Db erulas L oo

Nonragiiedd €1 de 1 alydG85 CHIPSS FRRRIT G SRRk n@t’ic'r'etc%rdling
a vacuum chanber of an ANELVA Co. sputteri

lap@par gl UsorT ke’ pEotBctiad e hyeef 1shec§iayéhe<5f Qﬂlamond like

apparatus were .16 evacuated'to x10-6 Pa or Iess.

cadben die Halhsldat e@t\mrxemm@trqdlsusmg, a84i.6,)f bakedn, can be
- heat erupt to about 300C. Keeping each substrate

cltem)&satuéeptetébwtveSQQCyexabmﬁeﬁm nm CoZrNo film
was deposited - as a soft magnetic under-1layer, and

t hernarchabmet hddnfoCudépbsitiag eepnslidyst aedditilad above,
di aneter grain . under-layer, and then 20 5 nmthick

vadiedi PeBapbrhinivas medhosi t eveay &impnet i gpuecer thgomethod,
| ayer, and furthernore, a 5 nmcarbon filmwas forned:
mo fecupapbean ewifaxymethodsanin babmtevaperatdort hethod, laser
deposi tion of CoZrNb, Fe50Pt50 and C filns, the Ar
abrasionmethod and chemical vapor deposition method can be used.
Flg 8. 1s oblique view of a magnetlc recordlng apparatus :
accordlng to an embodlment of the present 1nvent10n schematlcally"'
showing 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

-rotatlng speed by a splndle motor not shown in the flgure. The

sllder 83 haVJ.ng a recordlng head for recordlng information and
a MR head and reproducing the recorded 1hformat10n accessing to
the surflace-o_f't_he magnetic disk 81 ie attached at the top of a
suspension 84 constructed by a thin plate shaped flat spring. The
suspension 84 is connected to one side of an arm 85 having a bobbi.n
holding a dr_ive coil hot shown in the figure.

| At the other side of the arm 85, a voice coil motor 86, a
kind of linear motor, is disposed. The voice coil motor 86 is

constructed by a magnetic circuit composed of a drive coil rolled
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.-gas pressure was controlled. to0.7Pa, 5Pa and0. 7Pa, _

" respectively, - 25 and for the deposition of Cu film

“the. deposition was perforned in an at m)sphere Q@Mhralzooﬁ

- Pa Ar-3%12. DC sputtering was used for ~“the sputtering
~deposition and sputtering t]érget materials , CoZr No,
Fe50Pt 50, C_u and C were used. . Power |nputted to the

- | ) 2006 16 fixed to.1 :
up 8 HPOB R T b e aptents Boher 0d- pbebRing, yqkes-

#rarhols 3%?&%@&%%?@ eﬁ?e@??"’%fe"bi%%t Sfibwn in
theeii:%ﬁfe FREegC e hﬁgeii‘%‘é%di@%#té b K E R paia o7

anadlg BEA0AaORS EREY, RURAa TIPSy, s REF o nc.

-The”@%ﬁ% 'anﬁ.cﬁlroct'oq:g 1'0%/%%%1%6%14 aﬁd’helt{:féﬁpéﬁotl‘(\@@llder '

cate usi ng essent| the s procedur e
83 JRSELS %@é}@f@ dléiwetlherweheSﬁ | &g *@\eo%ﬁ/@rsl 94Sshown
crystal e grain dianeter 10 of . Fh, a , :
par%ggggs;lvely, were fabricated by changing the i nput
power “to the targets. After finishing these

dePﬁét&lﬁﬂftEfOt Sﬁbinﬁfesaafrt@é ﬁﬁéé‘en@ffﬂé‘éﬁﬂhéﬁmﬂiifﬁ be
were coated wifth about 1.3 nmthick lubricant of

desBehibklotgpekpehifr thBFBERsBHt aif Rt D6n "BaPeHeRNEnt A8Bail.
magneti ¢ 15 recordi ng nmedi um sanpl es were conpl et ed.
As a conparative exanpl e, conventional perpendicular
magneti c recording nmedia were fabricated by the

(Exhmpllewilng procedure. The nonmagnetic 2.5 inches gl ass
substrates were put into the vacuum chanbers of the
spuNbemagnetppalk abuinahdst Yrasacsubs chavesrwenerpu0into a
evacuated to 1x106 Pa or less . After heating the

vacsuisthambsrueifngn ANELWAr @pedshebtering appabatus300C,

200 nm CoZrNo filmas a soft magnetic under-|ayer, 10
nm Thef vaguas ahembdrsayértheosnwtteringnapeeretus were

- under -l ayer., 15 nm Co65- Cr 20- Pt'14-Tal |l ayer .as a. .. ,
evagugtetli to 1x107° Pa or less Then the substrates were heated
usingan J.nfrared heater up to about 300°C. Keeping each substrate
temperatu.re. to about 300°C, about 200 nm CoZrNb film was deposited

as a soft magnetie under-layer, and then an about 30nm Cu film

was deposited as the large diameter grain underélayer, and then

5 nm thick FesoPts, filmwas deposited as a magnetic recording layer,
and furthermore, a 5 nm carbon £ilm was formed for protecting film
for each substrate. |

For the depos:.tlon of CoZrNb, FesoPtso, and C fllms, the Ar

gas pressure was controlled to 0.7Pa, 5Pa and 0.7Pa, respectlvely,

~and for the d_eposn.tlon of Cu film, the deposition was performed

in an atmosphere of 0.7 Pa Ar-3%H;. DC sputtering was used for
the sputtering dest itionand sputtering targetmaterials, CozZrNb,

FesoPtso, Cu and C were used. Power inputted to the targets was
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recording |ayer, and a 5nmprotective |ayer were

deposited for 25 each substrate, and then the = -

| ubri cant was coated sinilar to the Exanpl e 120March2006

descri bed above. For depositing CozZrNb, Ta, Ru and

CoCrPtTa filnms, the Ar ga§6pressure was 0.7Pa, O,

7Pa, 0, 7Pa, 5Pa andO.7Pa,. respectively, .20 March 2006
CoZr Nb, Ta,

el TP AR AL SRR e, oo

eeof Sl EFRREA T 4P bl
SRR S AR L S B S e

css e B LLENHE, S50 85560 0pBE4 508008 LI Wik wi ana

res%e%%%%%esﬁg%&r ec%or %nlaf Eu c?é’%lzf‘fg&g aBbvis| §9mples

ng a reproauci ng

hav{ gr ac%"ﬁ{"' St 'EC%:?S d8ad Wi £8,,cha@gt erks b@ﬁvaglx,%u the

0
gtl eac mag netlc recordi ng

magfo@E ef/ i gy us @..n%l%ﬁdsé?r\%e ?&%oﬁ@%n%té fispfdcated

appl was a conbination of a 0.3 mtrac

u51ﬁ%n8é§em99$flﬁeﬁ‘i’ea§ﬁné‘ dedair@Chert fivedFabend, The

me neasuring : 15 condition of fixed magnetic head

Fur@ﬁ’éi:xﬁd)@é‘ of a1 SENHAVAM %ﬂ%ﬂhe&ryéﬁdlﬂ.hﬁen@ﬁaﬂhl &iameter
di sk rotati ng speed of 4,200 rpm was applied. Signal :

of d@ R S@n&@tiorfe%rpe@erm\éa VReYBVE{r IBatsd ¥y eHhpdling the
a derivative circuit SNRrr) was neasured and

1npﬁhap@w‘é§rt@edh@st&hget§NR of the magnetic recording

medi um The neasured signal S was 20 for outputs of
| i negter ddoridihigigdenss e ydedoslitd dd cproaadtiie Tmpsmoddeach
noi se Nm was root nean square value at 716 kfci. In

- preparedi mample¢d evedw was tachlwidthe abou® Rf.8i nwi ghatkolwpoicant

ratio for recorded 119 kfci signals before and after
of p@refrl\mqrptp@riylgzyhmO( IRE'R;E) byghglpplng method and then magnet:Lc :

recordlng medium samples were completed.

As a comparative example, conventional perpendlcular
magnetic recordingmediawere fabricated by the followingprocedure.
The nonmagnetic 2 -5 inches glass substrates wereput into thevacuum
'chambe_rs of the _sputﬁering apparatus and the vacuﬁm chambers were
evacuated to 1x10°° Pa oi less. After heating the substrates usihg
an infrared heater up to about 300°C, 200 nm CoZrNb. film as a soft

magnetic under-layer, 10 nm Ta film as a se'ed'lay_er,' 20 nm Ru film

" as a under-layer, 15 nm Cogs-Crzo-Pt 4-Ta; layer as a magnetic

recordlng layer, and a 5nm protective 1ayer were d'eposited for

each substrate, and then the lubricant was coated similar to the |

Example 1 .d_escrj..bed- above. N - |
For.de_positing CoZrNb; Ta, Ru :and CoCrPt‘fa films, the Ar

gas pressurewas 0.7Pa, 0, 7Pa, 0,7Pa, 5Pa and 0.7Pa, respectively,
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o and & ERaRpPE HateF Fabs vele, GQbT ._
S - 6N Co 916. 9 1- CoPt 6. 115. 9
 resgropb TR R R LR R i 1Y %é@@?@ﬁgf@nmo?wer

: 0 5.916_339
. %“P‘E‘é%%h&ﬂ%‘?l %r%%gt és%%ﬁpfféxid%ﬁhngeﬁ% B16. 037

- Table 1 shows evaluated results of the average -
crystalliné 25 grain dianmeter dmag, ONand SNR of _
~each magnetic recording medium 20 March 2006 ﬂ@March2006
[ Tabl e 1] Large Magnetic Dianeter recordi ng dMag SNR
OW Grain. |layer(nm(dB).(dB7 Under-|ayer Exanple" -
.1 1CuFePt 5.816.0. 38 Exanple 1- 2CuCoCrPt5.9.16.2 . 39

npl e 1-3CuCoPt 6. 016. 03, 7§X | e 1- 4CyFePd6. 015. 938 :
&n% Ru and C055Cr20 PtuTa],,___'

COHP}% A b‘f%s%%%‘é%% ,%}?é crystalline grain dJ.a_meters and th_e.

; grain size distribution of each fabricated sample were e\}aluated

by a transmission electron_microsc0pe'(TEM) with accelerating
voltage_of 400 kV. |

Ooxygen, carbon, nitrogen and sulfur contents were.
evaluated by using SIMS with cs*.

Recording and_reproducing characteristics (read write.
characteristics, R/W characteristics) of each magnetic |

recordingmediumwere evaluatedusingaspinstand. Themagnetic

" head applied was a combination of a 0.3 pm track width single

pole head and a 0.2 pm track width MR head. The same measuring -

- condition of fixed magnetic head position of 20 mm from the ceénter

‘and the magnetic disk rcta'ting speed of 4,200 rpm was applied.

Signal to noise ratio for derivative waveforms as an output of
a derivative circu'i't (SNRm) was'nieasured and characterized as the -
SNR of the 'magnetic recording medium. The measured signal S was
for ou_ﬁputs of 1iﬁear recordingdensityof 119 kfj‘ci., and themeasured
noise N, was root mean square value at 716 kfci. In addition_,‘

the OW was evaiuated 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 dp.g, OW and SNR of each magnetic recording medium.
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7.115. 432 Exanpl enmedi um) Conpared with the

conventional nedia, €ach magnetic recording medi um of
Exanpl e t showed smal’| average grain diameter 2®Mch 2006
increase in ONand SNR~ XRD eval uation showed. that no
peak. related to the large 1%i anet er grain
under -l ayers was found other than (100) cryst al plane

t showi ng that all grains of the large
[TagﬁSnESer grai n under-layers were in (100)

orientatiofrarfeq. 9 sHowsehacr el ati gn fg] Mensthe -o_w
average crystahbtee 10 gsirdidganeter @hm§u|(dcwdmnd | (dB)
the ONfor [Ghaife50Pt 5( 1m@iietic reccrdl ng llayer ang
Cu | arge gl @nBedi-papéer| under-Ilayer. It was|found

Exadplle 1h¢ OV1 nprewed SyUTTT1Cl gy Wher) 131 ayereg® | 38

Exaipid ALbi N¢ gr aidy Ui amgt ef PoCobt] SHUNM 9 MPT €16.2 | 39

Examplld 437 €30I TS cger € gbtai negpeor N [argl, d o RE J@T§€37

Ex&igiidlidgangt er Rper-Tgqyer. FepaUr TNy & $ M8y | 38

Exdnpld G55VEl e Obtygg Tedfjor eaggpganpl e [MayIgig| 16.1 . | 39

Bxaik [ orFeppPUST | and dggh pe0 T OO TOPILU TR TR T ¢ 35

ExAGd Lji_f;lg frayer- "Ni Q. |10 St@agect e Tyt & Ton uel[gvtgen 38

'Exéﬂﬂ];é 1CRICETICT leJ{_)II of OXYYEThepgaT | bom Tyt OYETh5 F a0

Ex Tl _9 p Um ORHICU by—St IVDF%IPlé ON-Fgr A gm*t Lfﬁ,zm 20
Exaiple 1-1 : R ;X greti g2 g eh g 396159
T N L WM a3 N 1 93 G W T
Ex3 %SHH 1(,811)(}0. BHA+S Eggi?eh!l t“’ &b a'}g e;r‘ 37 0
COWV‘H Simlar resul(tcls;)ﬁ'\ﬁl?gloaﬁai ned‘lf ol ? 32
?n)&]r?bf L_\r\ LoabNDPAEAN ‘and. iCo 20 nna celrecor r‘ll
AT ITUT U \JU, LEAE"AYA A" LAY TCATTU AT SaAaA WA U L\ llby TS C Av2 "q'g'_—
5 layers. Fig. 11 shows a relationship between t he '

average magnetic crystalline particle nunber areal
den€pmpanedf wiilth rdgnatonvenebonall nged dger eabhamagaetic
from TEM observati on and ON The desirable n val ues

' recgrd ing med by o ffExamp ke 028 pawed smad/lcripexage grain diameter

and increase in OW and SNR. 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

gr'ain diameter of Cu dey and the OW for the FesoPtso magnetic

recording layer and cu large grain diameter under-layer. It
was foﬁnd that the OW improved sufficiently when the average
crystailine graindiameter of Cuis 50nmormore. Similarresults
were obtained for Ni and for Rh large grain diameter ﬁnder—layer .

Furthermore, similar _r-esults wereobtained for eachsamplehaving

' FesoPtso, for FesoPdso, and for Co,CryoPty magnetic recording layer.

Fig. 10 shows the relation between total concentration
of oxygen, carbon, nitrogen, and sulfur Ci,, obtained by SIMS

and OW for magnetic recording media with FesoPts, magnetic



10 8x1012, particles /cnR2, for obtaining higher SNR
- values. Wien the n value is in a range from 1x1012 :
- particles/cn2 to 8x1012, plural = nunber of rragmaMag;chz()% y
~crystalline particles, on average are held .on a-

cryst alline grain. -Simlar esults were obt ar ned for.
-~ Ni "and. Rh large grain di ameter. under-layers.

Furthernore, 15 sinmilar results ,were' obtained al so

| recpsfingahpyes Rad iy EFTTR walmmse%n*ander layer. A"s

10

20

25

. Co' 70Cr 10Pt 20 netic recording ers
See&rfﬁﬂ’@eﬁ’éﬁtfbguﬁ%gnte‘i? gy q |° §F§| ﬁga%aés 000 ppm is

.desgggg]l%%ﬁggb&a Hods W%ﬁ%ﬁ?h?ﬁﬂfhﬁ%%ﬁ Wil were
ObtRaREE: FaF e Ehser P i LRI th o brSbeEhe elording

1 netlc r.ecordl ng Iayer was nodified to a pattern
ay&’fgr’essed by two values increasing contrast between

{ﬁgi’gﬁﬁtﬁ #TRR0°E e el fien PR AEln 50 805200 et
c‘ry%%tat ﬁrlrﬁe a'iﬁzlc]fa%u r.ﬁ?(l?éf’aéfgai h&eﬁ@%#!y n 87 ehdene g;net ic

rra convent 1 onal “nmedi um sanp

reco%ﬁrg;e I;,h{i S n&Y e Yo tb5sE8GREIbAI AMBdIOWD The

ues L n a range from 1x1012gai ns/cn2 to

des%?a%ﬁ%g%' B3 R aclv'x% ¥ frontil A002 artlcles/c to
r-layer, gran ar structured magne c 2

s I
8x1f he’CQEﬁ?? é]gérgééﬁz%queggg%Q?‘%P?yf%%gg%&lg%mgss ihlen the

n vg&h@nﬂs@pt e £l 191309?1![551*&@:?%)'@@2 tsom(rmedplural

y recogni zi ng eri odi cal pattern showing 1:1/V'
nunib@xanOﬂt% et it E1SisaCiesidd @atitec Tent e @\B@i‘agé are held
(Exanpl e Nonmagnetic 2.5 inches gl ass substrates
on &eca puystaldinkegraanuunsthabberrasdlthewsneuobtained for
chanbers were evacuated to 1x10-6 Pa or |ess.. Then
Ni @odr Rh slatgerrgg;aam diandter| apdernhaydeposi 'en‘thermore,

'51m11ar results were ohtalned also for samples having Cosoptso,

FesoPdsg and Co—,oCrmP_t'zo magnetic recordlng layers.

- Ordered arrangement of maghetic 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 itol a patter'n expressed by
two valﬁes increasing contrast between .regions of megnetic greins
and other régions 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.

On the other hand, every magnetic recording mediumhaving nvalues
in a range from 1x10*’gains/cm® to 8x10'*gains/cm?, and having Ni,,

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



10 to each substrate and then put out fromthe vacuum

. chanber to anbient atnosphere. Then the sanples were
put into a MBE chamber and the chamber was evagngBka2006
to 1x10"9 Pa or less, and then.a 30nm Cu. under |ayer

- was ‘deposited to each substd0ate in the vacuum _
SI mlarly sanples having N| deposi ted under-layer and

deg ited .15 under-1Ia i nst ead of the Cu
rec%%? i@rlé‘?rmerFéf%kﬁ"rF%é’t }iﬁs‘r% Ol I {HEM Ifyl‘iq%r an

10

.15

20

26

ure. The. ut .qut. from ‘th '
essERETRLIY i LhAoAL a7 ROBERBEET G PNl Ang Regtirdes was
uttering vacuum charrber ai n The chanber was

cong{Emed  BY TeFOdnIE BPDoF 1ofEeal BRERETRCSRaWRGS! whil2

rerfLEREPY 18§l ottty (BhoR0e R oot of el o' Bl

' subst rate using CO70Cr 10Pt 20- | Onol % Si 02 conposite
target. Magnetic recording |ayers replacing .
(Exg}aé %.)OPt 20 by Fe50-Pt501 CO50Pt50 and FesoPdso
reSpecti'vely, and replacing Si02 by TiO A1203, TiN,

AN G L TP Lk Rk HERESUERESEE #bSere put into the

respecti Usi ng siI procedure descri

vacﬁ@%@ﬁeﬁ £ R RLBLER gl’lﬁmﬁo@fgrw&@% %?&’c?éé'{%ﬂ t‘?‘c?‘d1x10'6

ayer was coated to each su

Pa MY TREACEHENBCS LY i | 1My nSi@rh g ewzss deposited
prepared. 20 March 2006 21 Table 2 shows SNRm a (RN

to ewahUAfbhdtiatRAshd FREAYUICoT € ERbgi tHE v&@@mwhsﬂaé@)tu&nb ient
the Cu large under-1ayer. It. was found that the

atmoBphetec Imear théV$ resmesid puvi il s AEMBE dhamber and the
conpounds. is esira Ie for increasing the SNRm and

chafMér S8 éaacﬁ@e@a D YRIE°PHbdl &, hal wRPhes iR ¢uNghder
Ni and Rh |large grain dianeter under - | ayer instead of

layé€un.wdmclepmsgrietd tor egohdswigs teyee i dimeoghteumi t IBiMikElarly
conmpound showed a granul ar structure and ordered
sampbes ag@wammmmmosxtmtmeeml@wem R} detpaas:xted
~.magnetic  crystalline grains. o
under-layer instead of the Cu under —-layer were fabrlcated 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.
Magnetic recording layer of a 5 nm Co7,CrioPt,,-Si0, was
formed to each substrate using Co4¢Cr;oPt;-10mol% Si0, composite
target. Magnetic recording layers replacing Co7,CrioPt,e by

Feso~Ptso, Cos50Ptse and FesoPdso respectively, and replacing SiO;

by TiO, Al,03;, TiN, AlN and TaN respectively were deposited |

‘respectively. Using similar prdcedure c_le‘scribed in Example 1, .

carbon protective layer was deposited and lubricant layer was
coated to each substrate. Then, various magnetic recording medium

samples were prepared.
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- medEym,gRBlOYiBg,Ehe; CY; hisgmn

10 [Table 2] Magnetic recording SNRm OV | ayer (dB) (dB)
Exanmpl e 2-1CoCr Pt 16. 239 Exanpl e 2-2CoCr Pt-Si 0217..040
Exanpl e 2-3CoCr Pt - Ti OL7.240 Exanpl-e - 20March2006
2- 4CoCr Pt - Cr 20317. 141: Exanpl € 2- 5CoCr Pt - A120316 840
Exanpl e 2-6 . CoCrPt- MgOL6. 74 2' Exanpl e
- 2-7CoCr Pt:- Ta20516 841 Exanpl e 2-8CoCr Pt - Si 3N416 643
Exanpl e 2- 9CoCr Pt - Al.N16. 642
Exa'ﬁ?)'PlseZ gmwmmgwwﬂl%ﬁﬁp:eeach magnetlc recordlng '
2- 11CoCrPt Ti N16. 743 Exanp éﬁlz Cr Pt - Ti C16. 842 -
5n§gger. It was found that
theé&%&t&%’ggt Las ag{df’xtszxfga éé %glgegg.%al compounds is

Ti.O17. 241, Ex 18F 20316. 940 .. '
desaaﬁ-gﬁ OF QA5 5 TE SHB s P" C% “Ffenlts were

obth1y837 B Wniy i il 70884 ﬁé O bR, fameter
unda‘éﬁgg_/%r ;%é'i%Ptd W&, 7 42&:&@??%&@\:3& FP&oI&E‘%S gég}er :

composite with the compound showed a granular structure and 

ordered tetragonal lattice structure arrangement of themagnetic

cryétalline grains.

[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
‘Example 2-4 CoCrPt-Cr,0; 17.1 41
Example 2-5 CoCrPt-Al,05 . 16.8 40
| Example 2-~6 CoCrPt-Mg0 - '16.7 | 42 | .
Example 2-7 CoCrPt-Ta,05 ©16.8 | .41 |
Example 2-8 CoCrPt-SiiN, 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-TicC 16.8 42
Example 2-13 . CoCrPt-SiC 16.6 44
Example 2-~-14 . .CoCrPt-TaC - 16.6 " 43
Example 2-15 , ' FePt 16.0 - 38
Example 2-16 ' FePt-Si O, 16.9 41
Example 2-17 _ FePt~TiO 17.2 41
Example 2-18 . FePt~ Cr,0, ] 16.9 - 40
Example 2-19 FePt-Al,0, .16.8 42
Example 2-20 | - FePt-MgO . 17.2 | 40
Example 2-21 FePt- Ta,0s : 16.9 42
Example 2-22 | . FePt- Si3Ny 16.6 42
Example 2-23 "FePt-AlN 16.7 41
Example 2-24 | . FePt~-TaN - 16.7 42
Example - 2-25 FePt-TiN o 16.8 41
- Example 2-26 "~ FePt-TiC 16.6 43
Example 2-27 |- FePt-SiC 16.7 43
Example 2-28 “FePt-TaC 16.7 41
Comparative (conventional medium) 15.4 32
Example '

.(Example 3)
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Exanpl.e 2-26FePt-Ti C16. 643 Exanpl e 2- 27FePt - Si.C16. 743
. Exanpl e 2-28FePt - .TaCl6. 741 Conpar.ative (conventi onal
medi um) 15. 432 Exanpl e (Exanpl e 3) 20 March 2001&)191&02123)06
~inch harddi sk shaped nonmagnetic ‘gl ass substrates -
. were prepared and fil mdepo%?tlons wer e perforned
.'using the sane procedure as shown in Exanple 1 up to

L aang phe same procedure a nin -
depsPt 2h Ehﬁgmlka:ﬁ%gﬁl"éﬂe’?‘?swﬁjlggﬂ’ré%ﬁis%g‘}\ﬁéﬁﬁnﬁBPsé'-FateS_ -

verdFrent sl D BB Undhi fLaRa Vet pstt ot faind Ee same
' g 1% S o t
- Proegﬁ%%&sa e EntPh T B Y Mo P RSl B aon.

%é{#@i%@ E?%%rl&e@géﬁg ﬁge)fg% ann aled inaheating

fchaﬁé%%egﬁhe&saclng n el FEngBpisEeR A2-pae '@3”%% Hises ; proen

10 xﬁﬁ?ﬂllseioz gé” J & a%h QL%&JEE}Q%W{% €e upediy B‘grer using

were’ I ned replacing Pt e interne

' Pt—lir(‘)dﬁbll%a}éibz bd/o gosﬂ:é t@ﬁge@u RHr.aLBQSPJﬂagrllgtgrchecordlng

respectively, the SI Q2 Ti O Al2Q8
med@ane-'r_éNfaE!cha%'é‘él b}aﬁebsga%thg\/ﬁ%ogne%%péébwd%@ layers

using respective targets. FurtRernore, magnetic

- of CS%U b8, ]2, BAVERE E@B%ﬁpqay&o%@ efrBBf protective

Fe50Pd50 respectively instead of the

1ay©a7,06h#0Bb3Q15ig R dbraed n® 269erTueinyl 268, sbie £AB28Bating
SIN, TiN, AIN, TaN, SiC TiC 20 and TaC respectively

condistieas ofs thes& {Pedein Brpmpileed,. preparing and
using targets for each deposition.
Furthermore, various magnetic recording media were

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

- Ir, Ag, Cu, Ru and Rh respectively, and the $i0; by Tio, A1,03,
TiN, ALN, TaN, Tic, and ‘TaC reépective'l.y, pfepar_ing'-'a'nd using’

- respective targets.

Furthermore, magnetic recording layer having Fes,~Ptsg,

CosoPtso and FesePdsy respectively instead of the Co;0Cr10Pt,0~-Si0;,

and TaC respectively instead of the $i0,, were deposited,
preparing and using targets for each deposition.

Table 3 shows SNRy and OW values for eachmagnetic recording

~ medium employing the CoCrPt-SiO; magnetic recording layer and

the Cu large grain diameter under—layer.l It is found that the
SNR, and OW increase eﬁuploying ihtermed_iate under-layer having:
composite withchemical compound as an under-layer of_the magnetic
recording -layér. Similar results were obtained for magnetic

recording‘ media employing Ni and Rh large grain diameter



Tabl e 3 shows SNR, n.and ONval ues .for each magnetic.
recording. medi um enpl oyi ng the CoCr Pt - Si Q2 magneti c-
recording layer and the Cu.large grain dianet
under-layer. It i's found that the 25 SNRmand. (%%hmHChZOO6
I ncrease enpl oyi ng ‘i'nternedi3at e under -1 ayer havi ng
conmposite wth chenical compound as an under - Iayer of
the_magnetic - recording layer. Sinilar results were
undgpripKes FePPesdistaly Jrfl:?c‘b‘??b‘il n@f nedi BndaErdayRg -Ni It was
- and Rh large grain diameter. h 2006. under-|ayer -
- foupdspBati GYPFYI Haadet it T&FS §9g¢r ppdydatermgdiate

onethFE T S o AT A hfigones
1ath 66 PP RRE U PanAE Sng AR to 5o FAGTEIE GUSISF HaEHae | grains
Rh | ar

e S Sy Pl R e .
R e e

3-5Cul7. 445 Exanpl e 3-6Rul?7. 844 Exanple 3-7Rh' 17.743
Exanpl e 3-8Pt-Si 0218. 647 Exanple 3-9. Pd-Si 0218. 548

Ie 3-10.1r-Si O218. 448 Exanpl e 3- 11Ag- Si O218. 349
[Ta@%%l e 3-12Cu- S 0218. 4. 49

‘Under-layer SNRm ow
: . [dB] [dB]
Example 3-1 Pt : ' 17.7 44
Example 3-2 Pd ' 17.7 43
Example 3-3 Ix ' 17.5 44
Example 3-4 Ag 17.4 45
1 Example 3-5 Cu 17.4 45
Example 3-6 Ru 17.8 44
Example 3-7 Rh - ' 17.7 43
Example 3-8 Pt-510, 18.6 47
Example 3-9 . Pd-S10, .“ 18.5 48
Example 3-10 . . Ir-§8i0, e - 18.4 48
"Example 3-11 " Ag-SiO; | 18.3 49
.| Example 3-12 ~ Cu-Sio0, - 18.4 49
Example 3-13 : Ru-SiO, 18.8 46
Example 3-14 Rh-5i0, 18.7 47
Example 3-15 Pt-TiO’ ' 18.8 47
Example 3-16 "~ Pd-TiO 18.9 46
Example 3-~17 _ Ir-Tio 18.7 47
Example 3-18 Ag-TiO | 18.7 47
Example 3-19 | Cu-TiO0 18.5 48
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; . -1 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-Cr,0; 18.6 48
Example 3-27 ' Ru-Cr,0; ' 18.7 47
Example 3-28 Rh-Cr,0; 18.6 49
Example 3-29 - Pt-SisN, . - 18.4 49
Example 3-30 Pd- Si;Ng 18.5 47
Example 3-31 | Ir- Si;N, 18.3 48
Example 3-32 ' Ag- Si;N, . 18.3 49
Example 3-33 ~ Cu- Si,sN, " 18.4 49
Example 3-34 Ru- SiiNg 18.7 49
Example 3-35 Rh- Si;3N, - 18.6 48
Example 3-36 ' Pt-TiC. : 18.3 49
| Example 3-37 Pd-TiC 18.5 - 48
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Exanpl e 3- 13Ru- Si-0218. 846 Exanpl e 3- 14Rh- Si 0218. 741
Exanpl e 3-15Pt-Ti O18. 847 Exanpl e 3-16Pd- Ti O18. 94, 6-
- Exanpl e 3-171r-Ti O18.747 Exanpl e 3- 18Ag-Ti O18. i()dflzdarch2006
Exanpl e 3-19Cu- Ti O18. 548 Exanpl'‘e 3-20Ru- Ti O18. 94
Exanpl e 3-21Rh-Ti O18.849 Ex#hpl e 3-22Pt- Cr20318. 648
Exanpl e 3-23Pd- Cr20318. 747 Exanple 3-24.1r-Cr20318. 649
EJ@({W 8-3829A0- O 20318 549cEXanpl € 3] 26G4- 67 20318, &48
Eﬁ%ﬁﬁﬁf@-@gz RU- 203 T8gl#{cEXanple 31 Z8Rg- &T 24818649
E I 8 —3029Pr- a|5N41@u4§gctxanple s«duq@ SDI N418f54/-
Eke ém;g 33T DIJN4§Q_§&§‘ExaﬂpIe B- 54@95 I~ a7
E
c
E

T 4438:gd| Fe— A7
418 E%%’F Ifmédiﬁhﬁ' |of”1g 648
. Pt T OVE8 548 Exanpl e 3. b7pdTrc1g, 548 %o
VU.I CUTI LUUO l:)(d.llpT [ S J JOI I - TI \/J.O \343 ]

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

anpl e 3-41Ru-Ti C18. 547
(Example 4)

2.5 inch hard dlSk shaped nonmagnetlc glass substrates
were prepared and a soft magnetic under-layer was deposited to
each substrate using the fabricating procedure siﬁilar to the
procedure of Exahple 1. Then 5 nm NiAl layer was deposited to
each substrate ih 0.7 Pa Ar atmosphere breparing and using NiAl
target. Similarly, MgO, NiO, MnAl, Ge, Si or TiN layer
respectively was deposited instead of the NiAl layer;

' The de9051ted substrates were put out from the chamber,

;and Cu- (OI‘Nl, Rh) fllnlwas MBE deposited. The substrates were -

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

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

Ar-B%Hzatmosphereinaheatingzoneofthechamber. Thenmagnetic

'recording medium samples were obtained after-depositing a

lntermedlate under-layer, a magnetic recordlng 1ayer and a
protectlve layer subsequently and coating lubricant to each
substrate using the method described in Example 3.

Table 4 shcws recording and reproducing characteristics
of each magnetlc recordlng medium sample employlng a Pt-8iO0;
lntermedlate under—layer and a CoCrPt Si0, magnetic recordlng-
layer. It was found that SNEnand QW.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.
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[Table 4] _
Orientation | Large _ SNRm oW -
'{ control - | diameter [dB] ~ [nm}
Under-layer ' {grain’ L o '
' . |under-layer o
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 Ni _ 19.4 52
Example 4-12 NiOo Ni ~ . 19.6 - 52
Example 4-13 |- MnaAl Ni 19.4 54
| Example 4-14 . Ge Ni 19.3 55
Example 4-15 - Ssi- - Ni 19.3 54
Example 4-16 TiN Ni 19.5 55
Example 4-17 None Rh : 18.4 49
| Example 4-18 NiAl "~ Rh I 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 Ssi - Rh 19.6 54
Example 4-23 TiN Rh 19.6 53

Exanpl e 3-42Rnh-Ti C18. 647. Conparative (conventional
medi un) 15. 432 Exanple (Exanple.4) 2.5 inch hard dISk
- shaped nonmagnetic gl ass substrates ‘were pre

a soft magnetic under-|ayer was deposited to |[%(;eac
substrate using the f abri caS ng procedure simlar to
the procedure of Exanple 1. Then 5 nm N Al layer was
deposited to each-substrate in 0.7 Pa Ar atposphere .-
pr elbhg rlg? ﬁhﬂwﬁﬁhﬁjrﬁiLAltlOPalP‘%;j’é‘t’eelSlar‘ﬁqréﬂ%/dl%@eN@ NlAl'_

Si or TiN layer respectjvely was deposited

de ﬁ@@e% &pLt n@gneﬁdlq ﬁ%’Prd]!@gTH@ddép@é‘}Ptle’lng NiAl as .

substrates vvere out _-fromthe

| cha .
oriegtatipn ean FP%n?Rﬂ%rNéEY@Epogptéﬁ Tgﬁeesasgﬁpaggemeter
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the rel ation between average di anmeter of N Al '
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- Exanpl e 4-10Ni Al Ni 19. 553 Exanpl e 4- 11MgoN 19. 452
. Exanple 4-12Ni ONi ' 19.652 Exanpl e 4- 13l\/hA| Ni 19. 454
Exanpl e 4-14. GeNi 19. 355 Exanpl e 4-15 ' Si Ni 19. ﬁﬁmarchzooﬁ
Exanpl e 4-16Ti NNi 19. 555 Exanpl e 4- 17NoneRh18..449 .
Exanpl e 4- 18N Al Rh19. 552 Exanpl e 4-17MyORh19. 452
" Exanpl e- 4- 19Ni ORh19. 355 Exanpl e 4- 20MhAl Rh19. 455
m'ExEEpCBAIMEmGERhw 553 Exanpl e 4-22Si Rh19. 654 Exanpl e
"4-23Ti NRh19. 653 20 March 2006 26 Although the prevent
i nvention has been shown and described wth respect
to best. node enbodi ments thereof-, it.s.ho' uld.be
undkF st d’odlwet%er%q@qulb’dgl medium, { GAMPLAS igrtegoi ng
and various other. changes in. the.,form and detail
wi tdoBubgEFaEeing from the ‘spirit and scope of the
present i nvention.. 21 WHAT. IS _CLAI MED IS 20 Marc
209® JATge GRARB AR ST e LrdRYRH TeREH R ﬁ&e Suastrater

ForvehSuies e STl oL A Moy e
o A nder i e 00 AR Sh i RAohBSL FREBEAIA 1ayer;
wherein the large grain diameter under-layer comprises
crystalline grains of at least one selected .from the group
censjssting essentially of Cu, Ni, Rh and Pt, having average grain
diameter d; of de = 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 magnetn.c recorda_ng layer comprlses magnetlc

crystalllne gralns hav1ng average dlameter dn of dm < 20 nm.

3. The magnetic recordlng medium as set forth in any

one of claims 1 or 2, wherein the large grain diameter under-layer
has a cleanliness of 10,000 ppm or less as tdt_al nurber of atams
including oxygen, carbon, nitrogen and sulfur. '

'4. The magnetlc recordlng medium as set forth in any

one of claims 1, 2 or 3, wherein the magnetlc recording layer

comprises magnetic crystalline grains held in plural on a crystalline'
graJ.n of the 1arge grain diameter under-layer in an average areal

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

5. The magnetic _re'c_prdi'ng 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. .



wherein the Iarge graln di anet er -under -l ayer conprises
crystalline grains of at |east one sefected fromt the
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magnetic crystalline gralns arrange
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‘layer conprises granul ar structure having nmagn

noomggnetiici weysgridine gralirgs aind Reund abFui@dO0R8gions enclosing
encl osi ng each of the magnetic crystallinée grains. 7.

eaTheofregee nbwmageetidi aystelilinme asafel diepbled beder? e large
of the preceding clains, wherein the magnetic

graiR sHEPREET apderclaveri awt theemapret te aretoirdihg Neysrai ns

“of at | east one selected fromthe group

9. * The magnetid reeording mediﬁm'as set forth in claim
8, whefein the granular structured intermediate under-layer
h eomprises .nonmagnetic crystalline grains of at least one selected
from the group conSLStlng essentlally of Pt, Pd, Ir, Ag, Cu; Ru
_:and Rh. ’

10. The magnetic recordiﬁg medium as set forth in any of the
precedmg claims, wherein the magnetic recording medium OG’(pI‘lS% a
soft nagnetlc under -layer having soft magnetic characterlstlcs disposed
between the 1aqxagmaln;dlameterlnrkﬁ=layer and.the substrate.
| 11 The magnetic recording medlum as set ‘forth in any one of the
| precedlng clalms, wherein the magnetic recordlng nedlum comprises a
,grain orientation control under-layer having primary a chemical

"composition ‘of at least cne selected from the group consisting



conS|st|ng essentially of Co-Cr, Co-Pt, Fe-Pt and .
Fe-Pd. 8..The nagnetlc Jecordlng nedlun1as set-forth .
. in-any one of the  preceding clainms, wherein tiU%Amwh2006
- magnetic recording medium f@other conprises a . .
- granular structured internediate under-|ayer :
conprising . nonmagnetic crystalline grains.and graln- ' S
esdenintekly odyNdAd ,eMoRdsi MgO, LD, dlrlt{hénwnh@eebetween the.
. crystalline-grains disposed between the large -air -
undennkayer anibrtheyaefmagnet imgmdex-tayerdi ng | ayer.
- 9. The magnetic recording mediumas set forth in claim_ =~
wherl& n il‘?n@ granetir secosdipgdnediemnag ges forth in claim

under - | ayer conprises, nonmagneti c crystalline grains

11 of"hﬁrellé‘a‘é%‘eo?\’éa%%l%lt%a‘ﬂr%??ﬁ@rﬁ BBdEE mdAYEF rigPMPT ises
-+ essentially of Pt, Pd, Ir, Ag, Cu, Ru and-_ Rh. 10. The .
grafih aawenge%wmwa mmﬁ#a&%er 400@1‘- ild & 2nm apdiopienting

ecedin , Wherein th rec rdin
QGG e ghEm b 03X hs At dhe smptace.
- sof t ragn %IC characterlstufs dis sed b ween the N
Jarde grait BPIREEC Jritfd: drﬁﬁ’g dfdygpparatus,

11.. The magnetic recording nedlun1as set forth in any
co s
MRS *he  precedi ng cl ai ms, wherein the magnetic

cont SSheRa MRASRNT Wb lantt Bl o
consi <t i ng B yFanErE LSR8 AREHAR %Fg%@%r%%@r formed
on E8pbe b Gyl B R L0 he et gver

andragnetic recordlng medi um as set forth in claim 11,
- Wherein the grain orientation control under - | ayer

conpri ses, gFat8st RAY bai Bhdi £ 6 recdicd
d, a 50nmaagd orlgn?%fnjéwy@%ll(%%dgnes gfg ltﬁﬁgﬁgrlé, feocoraing

R lay;all el to the substrate surface. 13. A magnetic
'recordlng and reproduci ng apparatus -conpri.si ng:
- wherein . the large grain dlameter under-layer

comprieing;crystalllne grains of at least one selected fromethe
Qroup._cons_isting essentially of Cu, Ni, Rh and Pt, having average
grain diameter of d. = 50 nm, and orienting (100) plenes of the
:érains parallel to the substrate surface;

'Ia recording med_ium driving mechanism, driving the magnetic
recording medium;

a recording and reproducing head mechanism, recording
informatipn to the magnetic recording mec_lium and ;eproducing from
the magnetic recording medihm; | |

a head driving mechanism;-driying:the;recor&ing'and
reprodu01ng head; and | |

a recording and reprodu01ng 81gnal proce531ng system,

proceSSLng recording 51gnals and reprodu01n9181gnals.



. a magnetic recording nedium. conprising: a substrate,
a large grain dianeter under - | ayer. formed. :on the
substrate, and. a nagnetlc recordlng | ayer . on tﬁ@hmuchZOOG
: under-layer ~and ‘a protectipg |ayer formed on’ the -
. magnetic recording layer; wherein the large graln
“di amet er "under-t.ayer -.conprising crystalline.grains of

at ldast Ibmagnetectmbcirdamg laad pepopducing mgpaxgitus as set o

essentially of ‘Cu, N, Rh and Pt, having average:’ =
fOIQZITBIJm -dilavimt éa,owhmewotm\ mr@mnmtamb Hepd®ducing head
pl anes- of "t he” grains -parallel to. the substrate = . .
meqh@mnamecompregesdanglmad@ummie\haqg smechani sm driving
the magnetic  recording nmedium a recording and - :
~ reproduci ng head nechanism fecording information to
t he magnetic recordi ng:- medi um and reproduci ng from
- the magnetic recording nedium a head driving
mechani sm driving the recording and reproducing
. head; and . a recording and reproduci ng signa
" processing system processing recording signals-and
reproduci ng signals. 30 20 March 2006 A magnetic
recordi ng and reproducing apparatus as set forth iii
claim'.l 3, wherein the recording and reproducing.
head .nmechani sm conprises a single pole head.



