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1 MAGNETI C RECORDI NG MEDI UM METHOD FOR MANUFACTURI NG
RECORDI NG MEDI UM AND MAGNETI C RECORDI NG APPARATUS
CROSS- REFERENCE TO RELATED APPLI CATIONS 5 Thi s
application is based upon add clains the benefit of
priority fromthe prior Japanese Patent Application
No. 2004-090670, filed on March 25, 2004; the entire

MAGNEFIGN RECORDAMCGC MERTEM | NESHSr ZOBJ MANPEARTHRING RECORDING

reference. 10 BACKGROUND OF THE | NVENTION 1. FIELD OF
THE | NVEMEPEUMTATD, MBAGHET ICh RERPREA NEe PRESRALYS
magneti c recordi ng nedia, nethods for manufacturing
recordi ng nmedia and a nagnetic recordi ng apparatus,
in particular, to wa% netic_recording nedia having high
CROES SN s BB AR 5ES CABTONEnuT act ur i ng the

recordin

di
e Ry apBL gRrio &%8%5%%%%1%%?4& AAGERET e bebdEle of

oA TR0 S o BB LT 6 oo,

£ 1 1RPAIG Sheis 3Rl CQ:t 'eognti%%p%owl:%%t%h%ff Whikh are

conpu er re atéd app |ca ion to various ot

S LS qfqﬁg Vdedeo recorder and car
nCa rying navigation systen1appllcat|ons as magnetic
recordi ng systens for recording and reproducing
i nformati on. The expansion is due to 25 their

BACGKOLDA0 S Uk asni@totet 2 access speed and high data

storage reliability, in addition to their high

. 'rega(liory TeaP ativiesT ey f or mance with | ow cost.
Requi rements for HDDS with |larger recording capacity

havankephes 8fit ciasethtidrehatespansiagnettict hecdrdiDiy media,
application scope. Replying to the requirenents, |arge
meﬁhﬂ&ﬂimymmauﬁadkng1hgmmuﬂnﬂgngm5db&endaﬂmagneﬂi@yecording
|ncrea5|ng recordi ng density of the magnetic
appacingi Nin peditd.culiar tooeepsitiyg recording mgskisi hyvibig high
the magnetic recording 5 nedia of HDDS, the recording
rednndigig dsnanty eethedme for ndmrfadiur ing tbe regeehing media

reversal units became very small. As the result,
and magnetic recording apparatus such as hard disk drives :Ln which

the high-density recording media are equipped.

2. DESCRIPTION OF THE RELATED ART
Harddiskdrives (HDDs) havebeenexpandingtheir application
scope from the first computer related application to various other

applications, such as home video recorder and car carrying

‘navigation system applications as magnetic recording systems for

recording and reproducing information. The expansion is due to
their advantage such as high data access speed and high data storage
reliability, in addition to their high recording capacity

performance with low cost. Requirements for HDDs with larger

recording capacity have been increased with the expansion of the
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a decreasing of recorded signal magnetization caused
by thermal fluctuation and that results to a
degradi ng of the recording and reproducing
per f ormance becane notable 2or the very small 10
magneti zation reversal units. Furthernore, noise
signal s which appear at_boundary regions, between
HDDy appldicad 1om §CoPCaneREREHENT 98O sthe stpdu bremeRt2ast e
recording bits to a_very small size, and the noise .
capg@ldyl KeFOTOHIduEREEIOIREY PRE SPERaPIVEPREASEY APFEeasing
Therefore, i.n order to attain hi record

R e et i
nandf Lt IAE ATAPG EREPF G408 ERLNOT oyt Lact L red8Fding

ned{annt Hibe R aBoRRgAe LF et RERREhE Tl 1ok che

naghighS A BRIBELLE b YELAL QG JeBy CARTL! 1de Mhe result,

ayer ave pbeen nade up to now.
I ' rY.SE ' L E 5
o oFEECSERTH. o JEARILE S Shobliner 0805 o ey spernas

'flu?ﬁ:@%é:i%dgnﬁn@ﬁét e 244N g0 SR d g 2B 08f tH& ¥ed#ding and

r to Japanese Patent Lai d-‘open plications Nos.

regfeldublintP 33 F AR nde0$=33dR2 Abtanded rBY: RheCkRiriabinayl

nonmagnetic C by heat treating at appropriate 25

nagn¥eLAlibrerevelsal tvh apanese therebirel, ahdi ©9&¥ignals which
Applications Nos. HEl3-235218, and HElI 6-259764)

appeeEcat! YouRBhRr9dseh obnoatwieay ramanting viesobdicage large
| ayers having so called granular structure by adding
as @Xiréealsudh dscbeasihg tbeordimethitd ayera wery small size,
applied. 3 In the granular structured magnetic |ayer,
andbhewgristd gage diargebinfideencemtpondiis: saghat doneghee ratio.
crystalline grains (refer to Japanese Patent . S
Thera fibreperinAppidegatticoas tds, higher0reze3Aingndensity, 1t 1s
2001-56922). 5 These met hods, however, cannot control
requigeast got sthbadizgr thesmal strbhbifretdk-thg aecordedheignal
under -l ayer by going back to the nucleation processes .
magnsit itzed ignyat N9 hangr ditnds glahsequiger-tugeraaRd PhaoLse
magnetic recording |ayer. These nethods control g
chagp&rtegd stdgitedtc Naglhs ERCordd ngr SeRsdityméte thgn g tHEY; Rand-
10 boundary regi ons nerelg 8{ chog;in Qonbinatiog of tic
r awTpgdesegsemagneticrecordingmediumhoise, sizeofmagneti
crystalline grains constructing recording layer have been made
smaller up to now. For example, magnetic crystalline grains of
Co-Cr magnetic layer of widely used magnetic recording media were
made small by adding small amount of Ta or B (refer to Japanese
Patent Laid-openApplicationsNos. HEI 11-154321 and 2003-338029),
and by precipitating nonmagnetic Cr by heat treatingat appropriate
temperature {refer to Japanese Patent Laid-open Applications Nos.
HEI 3-235218, and HEI 6-259764). Recently, methods for obtaining
magnetic recording layers having so called granular structure by

adding oxides such as Si0O; to the magnetic layer were applied.
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the raw material conposition, or by choosing of
depositing conditions. Wen the crystalline grains in
the under-layer are nmde smaller, the crystalline
quality and crystal orientaBion degree of the grains
in the under-layer are degraded, and the 15 degraded

crystalline grains of the under-|ayer influence qun .
In fthe JraniafroftERCchugRet PRIBEYLCal-PYRE, gRQRRgNETIC gralin

Actually it was foynd that the magnetic |aye
boupdagy Bt ¢kt CRC ORI S VBT t@é& %?%1%? Ageter to

di stribution and _broad r.i_ bution u
JAPFIGER. PRkGHE e 1As0BrY %Bpﬁré‘&? 1588, Hae? 8@ 265 52?%(9 and
ze 20 of the magnetic crystalline grains to 5
200& §H3%éd poor thermal fluctuation durability. Very

nonbass apepsha.PolebRoy Ealibe, POUEEST) R HFpSeaqiine
gradigsib EHEUREEDE9D-H20SH Lind U0 il I by TGoing back

["ow norsé magnetic recordi ng nedi um having

to i@ lnuc%%aﬁ%ﬂe#) 6oebkekalkbinNengr arhstalisheabannsf of the

magneti ¢ crystalline grains were controlled Using a

unde&lqry%& sheh e MaghetiBuekealiefy hayek.oMridese methods
substrate tor formng magnetic recordlng | ayer (refer

cont@ ol 2R P ﬁlh%ﬁbtliél dropenidnpkl gahliandiameter and grain
2002-22518). To attai n higher recording density

bou&l@idﬁyzrégléﬁ@h@elﬁt@bbhbbﬁ ial comsDiat ten of raw materials,
magneti zation and [ow noi se, however, further

thedd@hi nedriaddvenpesditéehnobeg }byvvehobe&dgd pf5d8PviVARYNg
The inportant problens to be solved in order to attain

conldigliems .r ewheri tige danysital ldame gradesl inetlemindeavdnygy are
grain dianeter of magnetic recording |layer to obtain
madeowmadilse ,midwee tiny sted drigdienguadddivuandng¢rygehl grieptation
di anet er dispersion dimnishing very small 10
deqguzet iof] dheugtadiise imo thige prdierHlayeFapiren deghadgesang the
invention is directed to glve a solution to the
degragisidearys tabl bue gaad ngrot kaepjirdert Laygednfdpepseypon the
present a novel magnetic_recordin rredlumagI E found
forgatdionent m@ﬂﬁ%ﬁ%@’rgﬁﬁﬁ&ﬂlnﬁe‘%ﬁ $ on Aaty a@[ 4 W toun
noi se ratio (S reaI|2|n smal,l avera %} n
thag Ret ’@F%?Eb%r HEE R g T ‘Hiplred broad
grarﬁlggitze distribution and broad distribution of grain boundary
width. Magnetic recording media decreasing the average grain size
of the magnetic crystalline grains to 5 nm showed poor thermal
fluctuation durability. Very small grains unstable to thermal
fluctuation were included at large fraction. Then it was difficult
to attain further high density using this method.
To obtain low noise magnetic recording medium having small
magnetic crystalline grains, nucleation of magnetic crystalline
grains were controlled using a layer of such as Nb for nucleation

layer on a substrate for forming magnetic recording layer (refer

to Japanese Patent Laid-open Application No. 2002-22518). To
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- attgiigr hilgheronerpsdipgedaRghby | €ed

recordi ng nmedi um and magnetic recordi ng apparatus
equi pped with the recording nmedium The inventors of .
the present invention have perforned various
exploring work and have got 4interesting finding that
the nmagnetic 20 crystalline grains of the nagnetic
| ayer can be made small with very small grain size
ﬁ?e%%g rtdlermaﬂersﬁa?lllty of
formed on a fjl mof oxide or carbon deposited Cu,
reqyr g Ragng tpi 2 o 1 AR APy Ry SRt hAWe (R E nERrther additional
i nvestigation, the |nventors coul d solve the problens
advpnssd g&ehasd e Yaf@Sc&F598%d 25 the present
i nvention. The magnetic recordi ng medi um of the
present invention conprises a substrate, an
-l ayer forned on the substrate, and a nagnetic
ding | ayer on the under-layer formed on the 5

S bR B BB A LA i o

SU

rarn er con

t
cls%qgcntdeggﬁgl% ETRES T feaf ik %Hjhfg%vgg%g%t 9£p1f dRfrer of
madg]+5=.'t3_%1 r@@gﬂ:gg.tngaf ér%ﬁ%‘-ﬂtta%_% h8¥%eho Ple %adrfé’t?ﬂfc $ % ding

enent se e group consisting of oxygen

mecﬁ.'?ﬂn §A6R9M 1108+ 5 P8 Bkt H @BEEFs CONWiRlinlid%8hg very small
surface. The method for produci ng nagnetic recording

pax"ﬂ%i.ddllé'ﬁ Rfn i1 PRRS VhermaM e HIWRA LGB SES a process
for formng a grain dianmeter control under-I|ayer

CONMatHeShREs EhY Sratdritiddli 8i disr&dt &l wet glvd & sellectied to the
fromthe group consisting essentially of Cu, NI, Rh

prodiemsdt CheapsupsSée £ the Precesnt ﬁnmﬁamnngs aro present a
deposited atom | ayer depositing atons of at |east one

novalemeghes bt eced dingmddibig hevpngexrs ldtdmgred¢ond yge s ignal
and carbon on the grain dianeter control |ayer

resinftbEics and ¢ ignalooese iberrftorai 8§RA needrietiing small average
recording layer on 15 the substrate having the atom

grajfgpdsameteydiispedisdont areltheds spr nanfaqtaydng the magnetic
Furt hernore, the magnetic recordi ng and reproduci ng
recayshimsg Bedanmy RNbRATRAEiIFRRIAFGHIE SRPRTIEYSte@uiipped with
magnetic recording nedium described above, a

the g@IFHRNSRURr i vi ng mechani sm

The inventorsof thepresent inventionhave performedvarious
exploring work and have got interesting finding that themagnetic
crystalline grains of the magnetic layer can be made small with
very small grain size distribution when the magnetic recording
layer is formed on a film of oxide or carbon deposited Cu, Ni,
Rh or Pt film. After carrying out a further investigation, the
inventors could solve the problems described above and completed
the present invention.

The magnetic recording medium of the present invention
comprises a substrate, an under-layer formed on the substrate,

and a magnetic recording layer on the under-layer formed on the
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20 driving the magnetic recording nedium a recording
and reproduci ng head nechani sm recording information
to the magnetic recording medium and reproducing from
the magnetic recordi ng medi @m a head driving
mechani sm driving the recording and reproducing head
and a recording_and reproduci ng sjignal processin
magepdient eppEeang ihgyzg-Th“éh%rlé%?ﬁ-lréwemt%rm%&%?gsent

remar kapl e advantage in the point

] hat_ th . s
AnvEPSOR! RIS oL AL B HECOREF AL ATARR A ¥E EPBPTLS1ng

orypdaiinelSEafomRd 3 Rl S et AP LR (e |3 U cons isting
tahl [ DSy Th bl em_of 6 enpl gyi 1
cosg R e A oy S5 o b e BRSSP et
R L
i . ans™ g )
on G R R B Pl LB R By % et hani sm

: Cll | . . e : :
0 %Bgahg%@%?ﬁg?g6ﬁ%%$#ﬂg§%§§§£@¥lgufééﬁk&& Medium of the

di anmeter nprising crystalline
Il i t t b5t A8lamet
e Tl il i e L

conRr@iehdeliel Gy ek WeoRPREEI ngCORGEEARU iNkt Brains of a metal
reorientation”of atons such as oxygen or carbon 10 on

selec@al FRbR!tisd RbapCryababt shhfanfem@lint bFdoagdpNGkh and
a conparison between the present invention and the

Pt bWoa RARRN T adleS aJp¥Sfess Famn&otningeapapeycs bpparteth layer
in Surface Science Vol.437 pp 18-28, reqgularly
deposdrrimggetonsrdfice ttasttone edfememposel edtéd Drgmydrive group
atons and carbon atons on N and Rh surface cl eaned up
congis thingo f/ eagugenisnd epobordn the ghaindiemetsyegontrol layer
appeared in Materials Science and Engineering Vol .B96
sunfacks9and7a paecess fnntforming a hagnetéfegecording layer on
arrangenent is given by stress interaction appeared on
thet subsitsate Ravhngkthe ngften cdspasitesd) grade dégmsherngontrol
the present invention with the two papers on ordered
und@raidy@¥ent of the nitrogen atons described in the two

papers, it can be pointed qut that the unger-laggr I, N
t he Fyrébggmore, the magnetic recording and reproduclng

apparatus of thepresent inventioncomprisesthemagneticrecording
medium described above, a recording medium driving mechanism,
driving the magnetic recordingmedium, a recording and reproducing
head mechanism, recording information to the magnetic recording
medium and reproducing from the magnetic recording medium, a head
driving mechanism, driving the recording and reproducing head and
a recording and reproducing signal processing system, processing

The present invention has a remarkable advantage inthepoint
that the crystalline grain size of the grain diameter control
under-layer comprisingcrystallinegrains is not needed tobesmall

for obtaining small magnetic crystalline grains. The problem of




invention is films of Cu, NN, Rh or Pt, and not of a
bul k single 25 crystal. The state having stress in the
thin filmof the present invention is quite different
from thebul kCu single cryst&l surface of these
papers. Therefore, the re-oriented ordered surface
struycture shown in the papers cannot. be ngected for | ded
empl Ry 1pg|sHacl 9Raipsdeendei Ay et - RRepPLRER caphe avolde
nmechani sm_qf the present. invention obtai.ning smal
to gbtRin amAll wapBetif ALy { TRE BHESCT hd MHERIANT R Pents
the_present _invention.,is an inportant proble b .
a nOYEeBeaBoDt: PREPORL I BAEREELEr HPrG O gencdin faving

ni t.r.oge

. ab i f ¥ .
 incf3aged BhcRriags Angn riptdYHbe bRG - AREAREREERLEN.
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In &Hgsdg%gf?%gargg{:hﬁﬂﬂsﬁnof t&%r?daﬁﬂﬁlalglr%&n sizes by

under-1ayer arnrng small crystalline “grains is
.des . e . -
us l&%s‘g%%?ﬁgdnlaﬁe% g)és?}[{ghg ﬁ?%%@lé%% IEtch ulr?d?l' 2?@5 Ibggéir:agl e

graitiaiésdgfca[ mReda séi‘e&@é&,ﬁ%ﬁ?th@o%ﬁ&hﬁ c%fﬂs%gtj{)r@lyﬁgséﬂtially

present 1nvention iIs not o t ai ned possi

of BRCaNSE HN@ndPpe!, bed oty eaRadndtNpiE08RP. araabsabbpdpers
on Nb substrate and not on Cu, NI, Rh or Pt

con'cerneer fRLe, re8¥YafbatiblosE el SidH egeRxyrindibredarbon
magneti ¢ recordi ng medium 15 is described in Japanese

on Raleamt metiad- @Rey1APRIryeahiloBuNfacEEhreSih248iiced and a
Not abl e effect found in the present invention is not

comphirdise@dbetwbbhsttagee dmnadaeemtyganandl| tioe itwe> pagers are
nitrogen are contained in its substrate to obtain an

givefnf.ect simlar to a textured structure and are not
deposited on the under-layer. 20 The present invention
pr oIindeseaofiovke papess fappebted nim§unfagsesicd engpelol . 437
having very small nagnetic crystalline grains and )

pp A28l cagaderdiyngamdpades shrgaceersrugtugeopdi Agposited
havi n i ncreased signal to nojse ratio. 25 BRI EF )

OXYRIESCRE P ARG O TDRAAMKCGEN Ay and R §UEERERTIRFY UP in

~drawn cross section view of a magnetic recording
highe FiaGw@e dér dieR9Tt&dan enbodi nent of the present

invention. Fig. 2 is a schemat.i ¢al | dr i n-pl an
vi edpftihg i paper appeared (in M}/ater%_a S réc%eanc(:“e and

Engineering vol.B96 pp.169-177, an explanation for the ordered
arrangement is given by stress interaction appeared on the clean
bulk single crystal surface.

Comparing the present invention with the two papers on
ordered arrangement of the nitrogen atoms described in the two
papers, it can be pointed out that the under-layer in the present
invention is films of Cu, Ni, Rh or Pt, and not of a bulk single
crystal. The state having stress in the thin film of the present
invention is quitedifferent fromthebulkCusinglecrystal surface
of these papers. Therefore, the re-oriented ordered surface

structure shown in the papers cannot be expected for the film of
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recording |layer for a magnetic recording nmedi um

showi ng nagnetic crystalline grains arranged in a

formof a tetragonal lattice structure according to

an enbodi nent of the present7 invention. 5 Fig. 3 is a

schematically drawn exanple of a ring pattern for the

reciprocal lattice for the tetragonal lattice
thespresentelnvenigion. | dtapseaenbt i mechaaifmaof fhs REesent

view of a magnetic recording |ayer, for a magnetic
inverddiod eptadailag sHeh ngr ¥y riekde 1scppdt Ca‘lﬁﬁﬁe Fraifdgad out

arranged in a formof a hexagonal lattice,
theymeghan et OdotBPnBreeeRh ERBRRFHaRt 1R Hé“Pﬁr&aéW( problem

|nvent|on Fig. 5is a schematically drawn exanpl e of

MegPatadrn for the reciprocal lattice for the

2%"" °”%q$%?§a§ﬁi AhedcEion SRYIPRAYG BRI Patrogen

ard g ﬁb%?ﬁp& & e o Abpdden, -

20d52;02tej]5tn Vlentl ed a.b%v%.t SCES”@B&% h!ﬁ{eg %ﬁPﬁigéélon Nb

ewof a magneti c recor avin
1. {
coﬂ‘c;bntq'L'TFt;g'raglslga Qﬁl%{/egln—t"’}%é er %&q_,or gﬂtgg_nlﬁga%g%aﬁ?ga Rhiline
grﬁ%sﬁrﬁ%ﬁ%@d onpyi §ﬂv &aﬁpl@%ﬁﬁﬂ{@tnﬁréxﬁﬁ%ﬁ' 'foﬁys:.cal

havi ng a soft magnetic under-layer according

abd RN QBdtrﬁQ:n‘Ug%?le’E‘é t'h.'éV@ﬁ‘&é@ Nayerdis Aestrdbed.
sc enatlcally drawn schematically drawn cross section

Tn WHEW Qfas? ,MAgRabie Eeeerdi PGuABIiNMKAWGentbiiasiondion is
| ayer for a soft magneti ¢ under-Ilayer according to an

note B IR pokstibey Becptseethei aventbad. oxdiden Hhd siarogen
schematically shown oblique view of a magnetic

ard geostih8g oamba sty Aucandhoy onCw NEpBhcdin®Ent Flurthermore,
present invention show ng the construction by

oxyapt, Al hyriaemndugithegemeensainEdguadiieti i aegoaghng medium
showi ng the rel ation between the quantity of deposited

is clesyanikadnm aT&patmea\E@'ta?gEt @@momean@wll@fattm No. HEI
magneti c recordi ng | ayer of le 1. 5 Fig. 12 is a

5- I 8dhl -shmtn@heheffec’atf@mcb@t pnésaa‘anmfg/ntmn is not

deposited carbon atons and the average qrain dianeter
obtgfinask in this case, because oxygen, fluorine and nitrogen are

contained in its substrate toobtain an effect similar to a textured
structure and are not deposited on the under-layer.

The present inventionzprovides a novel means for obtaining
magnetic layer having very small magnetic crystalline grains and
magnetic recording media for high density recording having

increased signal to noise ratio.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematically drawn cross section view of a
magnetic recordingmedium according to an embodiment of the present

invention.
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'_cry%taallglr%m@m R E % &t i F B& e R

magnetic recording |ayer of Exanple 1. Fig. 13 is a

graph show ng the rel ation between the average

di aneter of Ni and the average grain dianeter of the

magnetic 10 recording |aye® of Exanple 1. Fig. 14 is

a graph showi ng the relation between the average

di ameter of Ni and the average grain dianeter of the i

magistd.c2 icacschenptigaklvdEwanpheplangivjew gfjamagnetic

graph showing the relation between the areal 15 )
reqa@h:gli ng, layeaipied BagResial 1eonr g Redans shwgppggnetic

of the magnetic recording |ayer of Exanple 1. Fig. 16 .

et rageppl lattice

densi tyof magnetic crystallipe grains and the dPWO0 of .
STRGEE Ry REGOE %ngc&PdP%ge‘P%%%m%gt Bhanpi% Presggt invention.

DETAI.LES_DESCRI PTI ON Herei_nafter, enbodinents of. the

r eddft- PniEr i SIITTId 1AeeH SRR LBCr 5 9 Mg pattern

Fol Sh SR Rt Sel L BB ok rhghal TR Beporure.
red IF%tm 'gn %_%r aq Is@%eﬁ%&ﬁﬁaﬁ?‘goﬂmélrgoﬁ—iptnlg%eo\l}fgﬁ E;fyae %nagnet ic

i nven A grain di aneteér con under
t X ' :
req e, deug o ST aFE "y hihieg e A adnetic

crfsgq{%ﬁsfﬂit 24fs #Sa Qfn & ﬂo%?nstoffo'&e h@z&a%ﬁgﬁmlattice

el ected ffomthe group consisting of oxygen an

st dcorifRd t8Nah NEmGbQIRERE SPNMHO o dRde- liav@htion.
12a. A magnetic ™ recording layer 14 is disposed on the

depasiq.eq & anadpefit 11y ardwh ékéhﬁﬁéidﬂ%r&!ﬁg pattern for
| ubricant layer 15 is fornmed on the nagnetic

thd e Fimabdayeittlitve @eantuney ixddemadenesittied exygenure.
or carbon atons desirable for the deposited atom

| ayarigl2ls di thewibadeadfllyt e agmaicrodisagetetion view of a
control under-layer 12a is in a range from 1x1013
maptenizd ardtdral indgl Gissl ivat eomparniis iexp raes Sad dmradienagentrol
nunber of atoms per unit area. Wen 10 the quantity is
undeassl ayean atx 2@ d3ngt trreicefibodinabt e fatbeagpeesgnt nnvention.

Fig. 7 is a schematically drawn cross section view of a
Ihagnetic recording medium having an intermediate under-layer
according to an embodiment of the present invention.

Fig. 8 is a schematically drawn cross section view of a
magnetic recording medium having a soft magnetic under-layer
according to an embodiment of the present invention.

Fig. 9 is a schematically drawn schematically drawn cross
section view of a magnetic recording medium having a biasing layer
for a soft magnetic under-layer according to an embodiment of the
present invention.

Fig. 10 is a schematically shown oblique view of a magnetic

recording apparatus according to an embodiment of the present

invention showing the construction by partially removing the
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di amet er decreasing effect on the magnetic recording

| ayer cannot be obtained. Furthernore, nagnetic

crystalline grain orientation of the nagnetic

recording | ayer decreases wfen the quantity is larger

than 1x1015 atons /cn2. The quantity of the deposited
- oxygen 15 or carbon atons is nore desirable to be in a
Covistifge from 5xI1 013 atons/cnR to 5xl 014 atons/cn?.

Nunber and  position of oxide atons and carbi de atons .
canFifie by AR OEAPESHOEHRS EIF, S AT TR BeLHEER, AL gRgRt ity

SI MB). thod. Oh t f I cl

of HERPEAToa GTYAFR IWFIS AN RGOV AT HE CoEt by ik Of the
i 0 s or deutgron i_ons r?g%@tio ai reported in

magpatico respring Laver, ST/EraEBls 1803 1805 and Appl i ed

Physi.cs etters _Vol .6 32 L- J :
sca??-riﬁé}siiPE?Pgﬁﬁgﬁ%gﬁégﬁF&%%gﬁék rggg%%%ﬂcﬁggé?antlty
Auger. ) L Hsadf o
of §epEPEL ErfECh MRARE GHIL RER ek SN0 LRl ML URRLr O the
t 5@%& i [ i ed Physics
maqiéq%ﬁg ofﬁgbggg? 5?§8§%a? %égg'used for the
evalpyali pf.is AP anewify €60e81EtISnON¥EREeAUINS a9Brage
the surface of grain dianeter control under-layer 12a,
dighsTRINSF @fi PHROTHRI afedalel hraiiangtiametet b€l the magnetic
under -l ayer 12a after depdsition to oxygen
redﬂﬁa@%@hq%%frObﬁg@&a@bQ%ﬁq_Or oxygen radi cal s can be
appl i ed. a nmeans for depositing carbon atons, a
met rag .of 4 expasiiph ehettyketite revl aadenybeteeen the average
at nrosphere can simlarly be applied. O her nethods 5
diznfetexpod Mg tamdcahkonvemages deradinndiphetercard lbde magnetic
applied to deposit both oxygen and carbon to the
recandiace lajlesr ofy Exampilee 1gr ai ns desirabl e for the
grain dianmeter control under-layer 12a are grains
havifig -blbaiiera fdzaphs shbadag the vbltakwmdetween the areal
magnetic recording |ayer 14 with better 10 ]
densyijigt af RRapey icAas@ildgIng arakneand khe iy fhe magnetic
di aneter of the Cu grains is desirable. The desirable
recgirslidge lgvarm ofi #¥xef@l<ofl- the Cu grains is 50 nm or
| arger, and, nore desirable average grajn dianeter

S
100 Frih-ot 6| 58 qe g aRIS FRGHE NGy FREaTSEIHHIMARA S the areal
de&%ﬁ%ﬁ EEGQQLXCE%fg%glfgﬁéé§§fﬂgggh%hé@%ﬁ%gé%%ﬁé%gbnetic

recording layer of Example 1.

DETAILES DESCRIPTION

Hereinafter, embodiments of the preéent invention will be
described in detail with reference to the drawings.

Fig. 1 is a schematically shown cross section view of a
magnetic recordingmediumaccording to an embodiment of the present

invention. A grain diameter controlling under layer 12a of at

least one selected fromCu, Ni, Rh, and Pt is disposed on a substrate

11 shown in Fig. 1. A deposited atom layer 12b of at least one
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15 at a certain degree, the filmcan be avail able

provided that the filmhas large fraction of terrace

surfaces that formthe film surface. The grain

di aneter control under-layer) 12a in which the sane

crystal |l ographic face of each grain is oriented

parallel to the 20 sane plane is desirable because
elehieghesehaghed i Tram yWieabicone gens hsbingmhxyyesaangecarbon

obtained in the nagnetic recording-layer 14. For the .
is dgpaimeddpantherdtanetet ¢prliarol rraaeiyildd -cud rpgnetic

and Ni crystalline grains, grain orientation of their
recorddngplavies lddrmidisposed Re e deraeited fdcm Laver 12b,

desirabl e, and for the grain 25 diameter cantrol i
andyp drategidvel 2adnHIb R PRt daysial P i1t IHrRLAON e pagnetic

orientation of their (111) planes parallel to the
recoypdfdatdyeZuldftace is desirable for obtaining

" IBhEnE Gt T oph e RIS o Rk ahh S fftranie
oA har R e oA P TR AR FF2R TSR o 1l ever
cordediruth & la S 84 Uehnd? 33 BT a0 110
ac iR/ SRR 5 AV BulBORRIE GeORE Ut B3t W% when
endhfhRPLERRd FesBob A i AEnERIR RSO Bloralye ovain

diaffeti?ed Feetabh tRe KH&Sid SebBaihfalhyer cannot
la1f1012 gral ns 6%5, the SNR deé?éases and mheﬁ tﬁ%

be SV AR AT galrtdenfioe, 'n&ﬁm\i% PN Lih 9 2h DabeHentation
the SNR decreases again. The experinental results of

of iihe RagRefici p¥estaifgshayer tdwdrddsesmagnat ithe quantity is
crystalline grain arrangenent of an ordered structure

larderac k&t 1ROV tomd VEme. | Théaqi bl €y othaie ddgogitedioxygen

Iameter control under |ayer 12a conprises crystalline

or RAoel atokd ok @oreRAestiabile Thebsoimeal papyeofrom 5x10*°
recordi ng and reproduci ng characteristics can be

atougysimdntbabkyotednond /oén t he ordered structure was
formed conpared when the ordered structure .
ar r npdernendspasitionned. oFide tawhand icegbidesRRESs can

an in-plane ]
be evaluated by a secondly ion mass spectroscopy (SIMS) method.

Other methods for example, nuclear reactor analysis (NRA) using
high energy hydrogen ions or deuteron ions radiation as reported
inApplied Physics Letters Vol.80 pp.1803-1805 and Applied Physics
Letters Vol.61 pp.327-329, Rutherford back scattering, X-ray
photoelectron spectroscopy (XPS), and Auger electron spectroscopy
(AES) can be used for evaluating the number of the atoms.
Furthermore, atom probe method described in Applied Physics
Letters Vol.69 pp.3095-3097 can be used for the evaluation.
As a means for depositing oxygen atoms on the surface of

grain diameter control under-layer 12a, amethod of exposing grain
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structure of the magnetic recording | ayer of the
magneti ¢ recordi ng 20 nedi um The white subjects
express magnetic grains 1. Tetragonal lattice
structure arrangenent of magnetic crystalline grains 1
can be eval uated by imge processing and anal yzi ng the
transm ssion electron mcroscope (TEM in-plane
didfiere saoft idle wsignetliayerr d@er diffigr] spposisionstospaggen
an i mage processing and anal yzing software, a
atmgsphtenen camgbe phasnmed exygenaadicals gahgbe apmidiest. As
transformati on of a binary Figure obtained by,
ameans Easdeposdingsiarhen at Figyur aetbodalypepeeing to ethylene
crystalline grains and grain_boundary 13 regions.
or AREGHRELPRCCR YBOSPIeTR CaNaf HBLEARI hdS aprlded-t &tm@etheds
an arran&gnent of tetragonal | attice structure

of @¥RRALIGTOCAPRINNBRLF RS THOSPRGRT FoP Pe@P@%t%éePOSlt
rec nized in th ectr Practically, the
P&ﬁ%@iﬁ%’erﬁddcé’r?rg@%gm th!‘r?etf aﬂe:le ngytvvo 5 type
3?2#31&?8?57%%%%@&9%&& PRE DD HOE e g, apgmecer

o, ot e, RS GEAR B v

for.r (an.rﬂ%dlg:)f%( Qﬁ) z?:l X.Ze'c'&dltltl?lg (EI.'f.‘:lf_yfeLe(\1t4I Qﬂth better

er ns resu present
| | t
T

Cu Eaﬁﬁéaﬂg'@sﬂﬁ{ﬂlée Tﬁed@ééiz%fe a“mﬁﬁ etafaﬂﬁaiihmeter of

i ameter cont under layer 12a conprises crystalline

thdahldsd &5 Qs 56 Bfe_l.ah:%eef e&ﬁh%dﬂf‘ dek itrA1eespseege grain
signal is 15 inproved shows a schematically

didnEtdrang ool ee %rgbbe me@mm& dmitdtile film having no
arrangenent. Hexagonal |attice arrangenent can be

grMilibeaingd vy ieehtiolsneteideidablide whsa the fibm is uneven
tetragonal crystal structure, when patterns as shown
at lancérfgaid deqrespand fidlmtoam beavpridabllel providedftimt the
hexagonal structure can be recogni zed. 20 Practically,
filnhédear langenfractannbefcbafracedshyfdceslithat viorm yghe £ilm
peri odi cal spots or rings having a ratio of the
surfiagteances to the center of 1:1/13 (Rl and R1/V3 in
Fig. 4).

The grain diameter control under-layer 12a inwhich the same
crystallographic face of each grain is oriented parallel to the
same plane is desirable because higher magnetic crystalline grain
orientation can be obtained in the magnetic recording-layer 14.
For the grain diameter control under-layer 12a having Cu, Rh,
and Ni crystallinegrains, grainorientationof their (100) planes
parallel to the substrate surface is desirable, and for the grain
diameter control under-layer 12a having Pt crystalline grains,
grain orientation of their (111) planes parallel to the substrate

surface is desirable for obtaining significantly small size

magnetic crystalline grains in the magnetic recording layer 14.
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As shown in Fig. 6, an orientation control under-|ayer
12c¢c for increasing (100) plane orientation of the
crystalline grains 25 in the grain dianmeter control
under-layer 12a can be di sptded between the substrate
11 and grain dianeter control under-layer 12a when
crystalline grains of the grain diameter contraql )
und&hs rawnegzﬁ qryspl e gragns A Ghp mggpeticayecording
material for 14 orientation control under-layer 12c,

layqr |ldadt oherEefett dAL YFIMPYNONS STy SERsiidtq ggain of the
essentially of N Al Al , O NO TiN S, and Ge

9T acidh qa’é“%%%%r q%tﬁ?*eﬁgﬁ?F oh4BoRPr 8V EFAYE- | Ef}gr ﬁff&rable

o G PET S B LSS SO A im0

e 5T A A B B SEERL LTS0S
irable. T ti . of ti [

to PRLPingrainslin’ domapar L8 plcHREE Frerreufie, SRHRGEIor the

rng &jéﬂgng?yerwﬂed‘n :I:Q)Bel £38rh e 4801 BRRE ity éjl]?ﬁ:_he magnetic

Xchange~I nteracti on between"magnetic crystalline

' crﬁ'ta"c;f]f'jfng1 Qfﬁﬁésfsi fe%d{:ﬂaﬁf 1@6['3?;%@%%5‘;/&1[12, the SNR

transition’zone and an Increasée inr

de%r%zagég 101 Uhen' %sz%r H]‘é&rfag{% 4L PANEhEPty is above 8x10%2

acteristics. rials for the magnetic

grd 8/ N0 thay eirldecréasdssagdened al l oys such as
Co-Cr and Co-Pt, ordered alloys such as Fe-Pt, Co-Pt

and Tier Rkperihanitld]l deayieresl 61 | thospeesahs snebntass show
Co/ Pt and Co/ Pd can be desirably used. These all oys
thaand hamlagndtaye ke sfid b imed eyricadlrs alraae goheartt @afesnobrdered
high thermal fluctuation durability because these )
strmtterialin hatethaghnad taytfiakl iselemisvtiepwheanetde grain
Magnetic properties of these alloy and nulti-|ayered
diamettees abotrend welempayesd 2ycondr hgessny staddi ingparticles
el ements such as Cu, B and O _as necessary. CoCrPt, .
of CuGr RhB, 0TI £t The codset Mavebott e b Femdyeproducing
all oys can be cited as_nore desirable materials for
chanpctinigfttias cam pec5HRFkgNtdpdd v1 Lredugod whesy Eheaptdered

for conposin rain boundary regions of
structurgpwas go%med comparedywhe% the ordered structure

arrangement is not formed. Fig. 2 schematicallyshows an in-plane
structure of themagnetic recording layer of themagnetic recording
medium. The white subjects express magnetic grains 1. Tetragonal
lattice structure arrangement of magnetic crystalline grains 1
canbe evaluated by image processing and analyzing the transmission
electron microscope {(TEM) in-plane Figures of the magnetic
recording layer 14.

Using an image processing and analyzing software, a
spectrum can be obtained as a result of a fast Fourier
transformationof abinary Figureobtainedby increasingcontrast

of a Figure for magnetic crystalline grains and grain boundary
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t he granul ar structure, chem cal conpounds such as
oxi des, <carbide and nitrides are desirable. These
conmpounds are 15 suitable for conposing grain boundary
regi ons because these conptiinds do not formsolid
solution with the materials for formng the nmagnetic
crystal line grains described above and these
regisiisounddec M gxeteh Srataden Ehkne yIr THiH oTRHl sPeuERIaEded to
Sio, TioX, 5 Cq,, ALO, MO, Tags, SiNs, TiNs, .
have pl argardesient ofi et ppdonak latdarpatencsgrasessentially
materials for form,ng the_graipn boundary regiqns. Th
WheTBREE PERF &7 BPYE IRdAT - 24 A ReE AL Ae L P dte pRegF rum -
nor e qﬁ%ii-lq¥er structure, in Mhich glther Bnefof t he two
Praghiqatierds Arandrient 189 AP S oM TR gPY 7T 1R 0g tw
I nternmedj.ate under-layet 12d for contralli :
EYRA PRRGE ek SBOSE RACHEPPE PRLEPE Da b P phe gispances
di,sposed as ope, | f the t,.af, under.- | ayers .
to fihe ERLERI© bt g’ﬁlo%‘b‘?i@’@an 58 ?ﬁﬂr'd&gd‘ imilar
evalidt {h ct,'?ﬁ b%?@%%fmgﬁ{g&ﬁ??.n%rfdmpggéﬁgﬁteqre@d%ﬁ §ffraction
onogenerty o e diameter "by 15 usrng a granul ar
u | : [ [ - eq; i
o e e B e o Fear e ng necaiti#docion
atGhay@cteristics can be increased. As the nonmagnetic
crystalline materials of the internediate under-|ayer
12d sshyd i AN Hedh 1%l B¢t the pFisent?A iRéntddrs AQso shows
Cu, RU, and Rh can be used. These netal materials are
thaieshiabh§nbeeausey s PETEiNE Pt a IR eradigentditivegeetit ially in
|attice conpatibility with magnetic crystalline
an @idredesoridadrahof echexangosah 1aptdve tsydeéalirable, when
orientation degree of the magnetic recording |ayer.
the§rad nichiemmat er ahsrbarufde mlayegr b a coopndaes cegsbadline
of the intermnedi ate under-|ayer 12d, conpounds such )
parsiakésiest Ptcaibirdeshamesdlutiles af chegiacaydedisdgnal is
These conpounds are advantageous as the materials for
impooonpedi nd'igr-aidn shomsda wohenedgicedd yhddapdanehsggucture of

conpounds do not formsolid solution with ]
thehexagonal latticearrangement. Hexagonal latticearrangement

can be evaluated by methods similar to the case for the tetragonal
crystal structure, when patterns as shown in Fig. 4 corresponding
to areciprocal lattice of a hexagonal structure canbe recognized.
Practically, the arrangement can be confirmed by finding two
type periodical spots or rings having a ratio of the distances
to the center of 1:1/V3 (R, and R;/V3 in Fig. 4).

As shown in Fig. 6, an orientation control under-layer 12c¢
for increasing (100) plane orientation of the crystalline grains
in the grain diameter control under-layer 12a can be disposed
between the substrate 11 and grain diameter control under-layer
12a when crystalline grains of the grain diameter control

under-layer 12a is Cu, Rh, or Ni. As the practical material for
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the nonmagnetic crystalline materials for formng the
magnetic crystalline grains described above, and can
easily be separated. Chenical compounds such as Si O,
TiOo, GO, ALO, MO ,TaOps SIC., 5 Ti CX, and TaC,
can be cited for formng the grain boundary regions.
The materials constructing the under-Ilayer can include

| oriragreticn coatablpundedetaydntl 2de atndeastayne gelected from

nonmagnetic as the whole. The internediate under-|ayer
thel rtompt koasdgs&nnbaessentdalily of diiibk, dbwsk r dtatd M, TLN,
multi-layer of two or nore |ayers. The 10 |ayer need
Sinendbee plarcbe wepdecertha eorikatakdnat fentrebriidry -layer 12c
| ayer. Wien the nmagnetic recordi ng nedi um of the
negst eeche dispesedshireat Hppiiecerbta ther Fenih dipppter control
magneti c recordi ng nedium a soft rmagnetic
undgigdayedy drla6 can be pl aced between the under-1layers
and the substrate 11 as shown in Fi .15 Di sposin
i % FBeRRRATG

t he FSUt EhARBIRG A SRR TR L) B mefig & ot invention,
3 BAGHRIAS GiRCH T RALE &Y PEy b o HohF uf SEBRRLAE: RYTRREUTe 1s
oo THEIAS. TR ALIS LN ol FRE P Bl rostons
of JH AR IR ATty L8 PR afAbLI8, pRUBEHIAR Taydr 14
1e§c§1%o.rgcd3c{1<%¢§]agsoen {I?ﬂgfggglt%?%%% eIianHEraacsﬂM B i ﬁtgqnetic

passi ng e nmagneti c recor

' d Lng,b h ti . .
cr%%ﬂﬁ@ g%ﬂiﬂ&, aPaekrbask %n”%&'?ﬁ:h‘ ©f Eﬁéﬁglletlza_tlon

ore, e soft nmgnetic under-|ayer aced in

trd e t {BYNELHhE L8GOLAT RecFRAisWMipl A di8lE F@oDIYidE of
a sharp 25 perpendicul ar magnetic field with

redEd gy enhd r@s?i:bad@ihg he rasenraigtaidgscor di ng | ayer
14. For the soft magnetic under-layer 16, for exanple,

CoZrg theFaSithln i F36T afo r Col@GnadhéeicFeecbediRg RegaX 14,
and FeTaN, can be 17 cited. A biasing |ayer 17 can be
digshspesed dEiowensidie anfdo-mmgaatl Co-Phyesrdéraddaltlmys such
substrate 11 as shown in Fig. 9. For the biasing
as [Fayet ,1%o-bPh-pidhFe-rdr, dandgnelt § ilayersd: £iénrmoaeemnisals such
filmand 5 so on can be applied. Magnetic domains are
as eusiRy drot fed Bch can be desirably used. These alloys and
multi-layered film materials have advantages of high thermal
fluctuation durability because these materials have high
crystalline anisotropy energy. Magnetic properties of these
alloy and multi-layered materials can be improved by adding some
additive elements such as Cu, B and Cr as necessary.
CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtNd, CoCrPtCu and FePtCu
alloys can be cited as more desirable materials for the magnetic
recording layer 14.
As the materials for composing grain boundary regions of

the granular structure, chemical compounds such as oxides,

carbide and nitrides are desirable. These compounds are
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the soft magnetic under-|ayer 16, and magnetic domain

wal | s i nduce spike Iike noise. The formation of

magneti ¢ donmai ns can be avoided by applying a

magnetic field in one radi as direction of the biasing

| ayer 17 and applying biasing field to the soft 10

magneti ¢ under-layer 16 placed on the biasing | ayer
suitAblEneotbiamipos tag graidnnobundhayeredionsu s fthese

finely dispersed anisotropy field to avoid formatiaon
comgfounaisyelaragriet fermonel hé. soputine watdr tie ﬂl@rterlals for

constructing the biasing |ayer 17, CoCrPt, Cr Pt B,
fo1@U@rP TamaghEtRCRARGS t e gspinspiagRcr dopd @bove and these

CoPtCrQO, 15 CoPt-Si 2, CoCrPt-Si02 and CoCrPtO S.i
compounsts eAndEe SepadatasheRFales, FPMRPURYS SUGL ?%Fé&?xo?lox'

Si single crystal substrates wi.th oxide s

CrOzerdhPo H98st r Bagx ard Nk adtiber %st?ﬁgéss%%f a@écﬁsa&fl Tacx

can hpcdaas Moseraeas Braioriin *Ehfﬂrséjﬂﬁf? oS5 rnpratons-
ol S TR AL B éﬁlgaﬁtPﬁcture

o BShE L YT O LByt it 00 G of che

anon e Car

mu##%{i? :th QH%P§e0¥$vglP?ye?lﬁgiefrglCNisC?Rebﬁetﬁgd
for A@.eB@ S 19 ﬁigﬁ] haygh g gfhgaﬁaﬁgoﬁﬁdeﬂ% @R 124 for

evapor at'ion net every sputtering method,

coﬂ%cﬁﬁfd’irﬁf I AR B3 é@%@ﬂagh@ﬁlgeﬁgﬂz§¥éﬂﬁ§aléﬁ@r 14 can

aser 18 a raS|on net hod and chem cal "vapor

be PRI P BIAO £38r D6 USRE. seti 8 LHdeg-ablyieqwe12. The
view of a magnetic recordi ng apparatus according to an

criodideidneit ibe Regeeat canvest improsetiereepdalyl yhe small
showi ng the construction by partially renmoving 5

averds grdih kKiamdfer tdral rogn dlomo gdingki th b fadcher diiageter by
the present invention is attached to the spindle 102,

us aifa gy advulvans t atic auced diayetr ant heiing expestii Pye ander- layer
spindle nmotor not shown in the Figure. The slider 103
12davimg themsoraj nghderecénding and reproducing

characteristics can be increased.

As the nonmagnetic crystalline materials of the
intermediate under-layer 12d showing granular structure, Pt,
Pd, Ir, Ag, Cu, Ru, and Rh can be used. These metal materials
are desirable because these metal materials show good lattice
compatibility with magnetic crystalline grainé described above
and can improve crystal orientation degree of the magnetic
recording layer.

As the materials for forming grain boundary regions of
the intermediate under-layer 12d, compounds such as oxides,
carbides and nitrides are desirably used. These compounds are

advantageous as the materials for composing grain boundary




10

15

20

25

10 recording informati on and a MR head and reproduci ng

the recorded information accessing to the surface of

the magnetic disk 101 is attached at the top of a

suspensi on 104 constructed 16by a thin plate shaped

flat spring. The suspension 104 i-s connected to one

side of an arm 105 having a bobbin holding a 15 drive
regdoinls hetashewvrhése tdunpiupde doppot Heon IFexl ish gelsfipRawith

arm 105, a voice coil motor 106, a kind of |inear .
thempoomaghetdicspogetal Theevmi ter tals Gayt dprrdeg ghe magnetic

constructed by a magnetic circuit conposed, of a drive
crysdiall ligld ggainpg desar Hupbrhoue A4 £68 et aheeparated.

magnet and opposi ng yokes. 20 The arm 1]85 i S suppo teg.C
Chemyica loaPmPeRRAs HJGibes $Hmn TP 1 HePxm P ¥PQegtqPxr S1txr

o1 R S0 UL 025 O T Aefc it s ROLn ) JSgions.

onel 95t 508 k5K AL B L RSRILETS A4 R bt
w8058 Sl D ndOP2uTt U bbb €383 g none.

|, BB PR G2 U O AU IS I beructae
corf R YIPLAE JET 00 Pifok 1 Spyoguum ehabgersl mhe

t he ' . : .
lay\fﬁcﬁ'é'%%l g%%p%@%;itggg e%gj a;draéifﬁ £6tHE ARPARERE BT edtEing layer

evacu ess. Then substrates were

hea%ﬁ@nl’?}%@&aﬁ el A S aR) AEdYAmiSOE tABGkesiiCinvention

Keepl ng e substrate tenperature to about 300C, about

is égé@@eant@q%r &Jéddmdmmdﬁ\agﬁét@d BScar&vhy waiinet) @ soft
under -1 ayer, ‘and then an about 30nm N film was

nagiRRAY LRdel01egeh 3Bbsinate. pldwah uthstaratthevasdelredayers
el evated to about 500C, and exposed to oxide or

aneith e sairmsphar es shawnarige Fafy.1810-5 to | x10-2 Pa.

After the oxide or ethylene exposure, a 5 nmthick )

Fe50Risposfingnthasdft degosttiedizden hageretlicc inddyy gagget1c

| ayer. Then a 5 nm carbon fil mwas deposited. For the
redbaphisig imedicfin described above, so-called perpendicular
double-layered medium, comprising the magnetic recording layer
14 disposed on the soft magnetic layer 15, can be constructed.
The soft magnetic under-layer 16 shares a partial function of a
magnetic head by returning magnetic flux induced by the recording
magnetic field fromasingle pole head passinghorizontally through
the magnetic recording medium and turning back to the magnetic
head. Therefore, the soft magnetic under-layer 16 placed in the
magnetic recording medium plays a role for giving a sharp
perpendicular magnetic field with sufficient magnitude to the
magnetic recording layer 14.

For the soft magnetic under-layer 16, for example, CoZrNb,

FeSiAl, FeTaC, CoTaC, NiFe, Fe, FeCoB, FeCoN and FeTaN, can be
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CoZr Nb, Ni, Fe50Pt50 and C filnms, the Ar gas pressure

was controlled to 0.7Pa, O,7Pa, 5Pa and 0. 7Pa,

respectively, and as the target nmaterial, CoZrNb, N,

Fe50Pt 50, and C, respectively was used. DC 15

sputtering was used for the sputtering deposition.

Power inputted to the targets was fixed to 1,000 W
citfest. CoZr Nb, Fe50Pt50 and C deposition, and varied

fromin a range from100 to 1,000 Wfor N .

depddh taning saysres’ Gard oA tprregdigtitpeniheisagtapagnetic

deposition procedure 20 except that the N des ribgd .

;q& gasing

layaiob ans thepfuRsEr e &1, aRFhoGn ARF 1% 2 - FufPh

LRSS B ST IR S AR BRI 10 ana

o RO R0 P TR SRR 19 rormon s
it b ) . .

en SR Ko BIFD G- LY D2R oL AP SR P sncuce

. h . ' En dj . . n be
sp NS o 1 J00 LA Tfol’ Bt IndLALRLE! dBnalil® dan b

was varil e power to t

avcfl yletbgyf @Ia[%%l pc%; Nl S N0t NESLi1 SEROSHT R, rQHQEECED{'t@ction

ayer epared sanpl es was coated wth abou
: ' | ¢aninQf ehd | BI04 vetded HdPlelle) soft
of %Q%ABEFEEP%515 ?Epgaéﬁggﬁgégg?icé recording medi um 50
maéﬁgﬁié*hﬂﬁéﬁLP§§étnﬁé-pfﬁcEE”BﬁrﬁthBiEéiﬂg!Qa&er 17. The
conventional perpendi cular magnetic recordi ng nmedi um

piaARY eanMBEeea fmdlrt Lat e byd therdr vt ¢ @ity finedgdaiepersed

- Nonnmagnetic 2.5 inches (about 6.4 cm gl ass
an iSRSt sy &5 o] €opdboli 8t fo tiet Yan wimlchayd engneft ichdomains.
sputtering apparatus and the vacuum chanbers were
As eacnateditad fdXlOefisPAuotihgssheAbiasimgataygr tive CoCrPt,
substrates using an infrared heater up to about 300C,
CoGIEmNCEOZPNDaf, i Cof it Tarshf Codl, maftet FePtndeeRtQy £0FPLCro,
10 nmTa filmas a seed layer, 20 nmRu filmas a
CoRfnd6iQ, I afOF rPES SR, G - Ce ORI 4SILC s Famke ited -
magnetic recording |ayer, and a 5nm protective | ayer
ver &lagspevbesy ateseadth addox s et rapestHefi ithiqgle crystal

| ubricant was coated simlar to the exanple describeg ,
subgjgates with oxide surface, ceramic substrate and plastic

substrates can be used for the substrate 11 as nonmagnetic
substrates. These inorganic substrates plated with NiP, for
example, can be used.

Protective and lubricant layer 15 can be formed on the
magnetic recording layer 14. For the protective layer of the
protective and lubricant layer 15, carbon or diamond like carbon
(DLC) can be used. Other materials SiNy, SiOx, and CNx can be
cited as the protective layer material.

As the method for depositing each layer described above,
vacuum evaporation method, every kind of sputtering method,

molecular beamepitaxymethod, ionbeamevaporationmethod, laser
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30

15 For depositing CoZrNo film Ta film Ru film and

CoCrPtTa film the Ar gas pressure was 0.7Pa, O, 7Pa,

0, 7Pa, 5Pa and 0.7Pa, respectively, and target

material was CoZrNb, Ta, Rugand Co65Cr20 Pt14Tal

respectively. DC sputtering was used for

t heseUdeposition. Power inputted to the targets was
abrdd9680méOho2And, 80 VA1 TS A LS IUChUh&hddN8an be used.

crystalline grain dianeters and the grain size

di skigbut o ons ofb kiaple falav oot ed neryRta Ve ordyabuat ed

by a transm ssion electron mcroscope (TEM wth
appatekeherat¢mpivg ttagenokmiodiksnt Thie tuamrietygnsf 1oxgyeion

and 25 carbon atons deposited on the each filmand its
schepa¥Gpiiy GhovEafaract RN H 1Y &3t PERThWAsL bt EITedd

using a nmethod simlar to the nethod described in

cov 5%anese Pat ent Lai d-open Application 2003- 338029,

fro r ti of - r iL.an_of
L ! 508 SRR RS SRR gl wne

pre S NrOidrdn oinf Kadkat hee Dt NWHOEPINAlel 008, 0dnd is driven
deuteron ions to the oxygen and carbon atons of the

at sanplsEsnt Tecaanagyspesecdvdsy @ efodmadd absor byotSIB®wn in
met hod using Cs+. Recording and reproducing

the chigrura er iTOEi €dideeatldvhaeina Raracrapingikead oy

charact.erjstics) of each netic 5 recordin di um
recGHU AR oyn Jer i ML AR LBt rERRehaL Nt T
[ i_nat.j o f rac i dth.
recdiiith MARAIBN Ao e B o b P Al o
disBalP iNPATWLEAGICORGiLd Al :CaNshant i FRINGE | Gli3dicted

position of 20 mmfromthe disk center and the

by aragnet ipd.atieskhapéat f g spaechoafl Thi0s4s2600s 14N MBS is
applied. Signal to noise ratio for derivative

conngptesforues oas andeurhuan afm 4 0dehiavangve kdblein thqlsNRg) a
.was neasured and characterized as the SNR of the
drivR ditetl @ote8BPURNYR B Frh9UHFe neasured signal S was

out put. .f or ginear recordi ng_d ity of 119 kf.ci, and

Und eRELPEHCTES 1o &5 S THbt Jreaf SGUGT v IBTRE 106 2
kind t& Kfifibar I fb@ddi §508; sihe g hakh oW, 1 e Ao itiNRoror 106 is

d b

derlvatlve wavef of s % PWo) was evaluated to obtaln
conAFudReNEEXa fignthecr esftuitd @Bmgbstfieof @CAdiBdeoil rolled
up to a bebbin of arm 105, permanent magnet and opposing yokes.

The arm 105 is supported by a ball bearing not shown in

the Figure fixed at the upper and lower sides of fixed axis
107, and is driven to swing cilrcularly by the voice coil
motor 10&. The wvoice coil motor 106 controls the position of
the slider 103 on the magnetic disk 101. In the Fig. 10, a
cover 108 is shown partially.

Hereinafter, examples of the present invention will be

described to explain the present invention further in detail.

.(Example 1)

Nonmagnetic 2.5 inches (about 6.4 cm} glass substrates were

put into a vacuum chamber of an ANELVA Ceo. c¢-301 type sputtering
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Table 1 shows the average crystalline grain dianeter
dMag and the standard deviation a of the magnetic

| ayer of each magnetic 20 recording nmedium [Table 1]
Atonms Di aneter Magnetic Exgpl eDeposited Control
Recordi ng dvag a Layer Under Iayer(nn)(nn) -l ayer
Exanpl e 1-10OxygenCuFePt5.01. 3 Exanpl e

ool O TINA B P Sk PUYORIOIS

werd - SfanonQuikePt416%. 84 Edﬁnlés%.l 6C&r bonCuCoCr Pt 5. 01. 5
Exanpl e 1-7CarbonCuCoPt5.51. 2 Exanpl e

1- 8GmsibenbuEeeds 3trd el esing @ty denhifePhbabdr dip to
Exanpl e 1-100xygenN CoCrPt4.81.1 22 Exanple

about BOOKSg&elp OoPtthel $112s Hedp tempe daOrpgenNieaRd804°C, 2 about
Exanpl e 1-13CarbonNi FePt5.01. 4 Exanpl e

200 nm £eaF o iNilo e PtBrPEigetdad oft magnetic under-layer,

1- 15Car bonNi CoPt 5. 31. 4 Exanpl e 1-16Car bonNi FePd5. 11. 0
and then an about 30mm Ni film was deposited to each substrate.

Each substrate was then elevated to about 500°C, and exposed
to oxide or ethylene atmosphere in a range of 1x10™ to 1x107? Pa
After the oxide or ethylene exposure, a 5 nm thick FesoPtsy £ilm was
deposited as a magnetic recording layer.

Then a 5 nm carbon film was deposited. For the deposition of
CoZrNb, Ni, FesPtsp and C films, the Ar gas pressure was controlled
to 0.7Pa, 0,7Pa, 5Pa and 0.7Pa, respectively, and as the target
material, CoZrNb, Ni, Fes;Ptsy, and C, respectively was used. DC
sputtering was used for the sputtering deposition. Power inputted
to ﬁhe targets was fixed to 1,000 W for CoZrNb, FesoPtspand C
deposition, and varied from in a range from 100 to 1,000 W for Ni
deposition.

Samples were prepared using the similar deposition procedure
except that the Ni described above was replaced by Cu, Rh, Ni and
Pt. Furthermore, magnhetic recording medium samples having CosoPtsg,
FeggPdsg and Co7CrigPtip instead of FegPtsy as the magnetic recording
layers were fabricated using similar procedure described above.
Quantity of deposited oxygen or carbon was controlled by the
partial pressure of oxygen or ethylene exposure atmosphere. The
crystalline grain diameter of the Cu, Rh, Ni and Pt was varied
changing input power to the targets.

After finishing these deposition, protective layer of each

prepared samples was coated with about 1.3 nm thick lubricant of
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Exanpl e 1-170xygenRhFePt5. 11. 1 Exanpl e

1- 180xygenRhCoCr Pt 4. 91. 3 Exanpl e

1- 190xygenRhCopt 5. 41. 5 Exanpl e 1- 200kygenRhFePd5. 31. 4
Exanpl e 1-21Car bonRhFePt 4. 93y 4 Exanpl e

1- 22Car bonRnCoCr Pt 5. 01. 5 Exanpl e

1- 23Car bonRhCopt 5. 21. 3 Exanpl e 1-24Car bonRhFePd5. 21. 1

Exaopd o 1kreA2@Qey qerBh FeRY 5a 1d: mh8od and iy
perl 26O(I§Dge%;1pt COQPtS 11 aEXaln'E-:%)leE?@ O arn mag’ne ic

recdr@ifx ygelikiCephbldd. Ve X atipl£ink280xygenPt FePd5. 2
Exanpl e 1-29Car bonPt FePt5.5 Exanpl e
1- SawmﬂdﬂePﬂgaQPIExéM@ﬂerﬁﬂi@raﬂoplét:@@ptiSQ@lar
| e 1- 32Car bonPt FePd5. 8 Conparati ve (conventi onal

nagBS SR EBELERe B LR ASTBKh 1T oTSBPELELBRchy The

t di di f t
roL (RN (S d-B0Rd MOERR IO 1S 1RERER, Sabalfre-4 om)
glaS&ed gy shandaed dgyi athoh GUMRALLW-H L, be n@ﬂnﬁ{é C

recording 5 nedium of the conparative Exanple

spuflde ity RHpparkZushens ﬁhée*éﬁddﬁ“ﬂﬂaﬂb@@b“@@ﬁeté&hcuated to
quantity of deposited oxygen 00 and carbon 0.,

1x19 ésgrecty delsy, ahftéhecheaiggehenmaghetirates yssald iame

. _grain dianmeter dMegobtai ned by a nuclear reaction

mf%fr‘]%@%/é?e@tﬁmupoiiol:@]%lﬁ w%gnéppcmpa%ﬁ’fr%cfwm as a soft

aneter 10_control unde yer sarrpl es. Fromthis

magfs SR 2al b U T 1 R gt AESH bt 140 e &

£i1d A0S WODLXIOLE, af oMy LocX g 5 | OMLGRE aLhg
crystal ine grains were sigh

magrdﬁ:slcclrj AR raShfl L aef £Sald S WREE Qeftebeﬁaefp£yémqe%ses

, and Pt diameter control under-1 ayer
depdﬁﬂﬂﬁdﬂio 8anhl| anbsesatd, s and then the lubricant was coated
similar to the example described above.

For depositing CoZrNb f£ilm, Ta film, Ru film and CoCrPtTa
film, the Ar gas pressure was 0.7Pa, 0,7Pa, 0,7Pa, 5Pa and
0.7Pa, respectively, and target material was CoZrNb, Ta, Ru and
CoesCrag PtysTa;, respectively. DC sputtering was used for
theselldeposition. Power inputted to the targets was fixed to
1,000 w.

The microstructure,lthe crystalline grain diameters and
the grain size distribution of each fabricated sample were
evaluated by a transmission electron microscope (TEM) with
accelerating voltage of 400 kV. The guantity of oxygen and
carbon atoms deposited on the each film and its distribution
toward the depth direction was obtained, using a method similar to
the method described in Japanese Patent Laid-open Application 2003-

338029, from NRA reaction spectra of each reaction of m(d,p)”

80 (p, o} °N, and 12C(d,p)BC by synchrotron irradiation of hydrogen
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15 were al so obtained for the cases of Co50Pt 50,
Fe50Pd50 and Co70Cr10Pt 20 nmgnetic |ayer. For each
magneti ¢ recording medium the fact that 23 deposited
oxygen and carbon atons wergi found on di aneter contro
under -1l ayer surface region and not exist insides of
the dianmeter control under-layers was confirned by a
iomhentealt egloenbor s tditdierdpd émandesslrenahong oif g eSsamples.
toward the depth direction. 5 Fig. 13 and Fig. 14 show
Thea amedlats Doshap et fwmered hel svérnadelMS)i peehed aslng Cs .
crystalline grains dNj at Ni | ayer and the average )
di ameerr difngregnbtieprogec bngi pbagpatasighigst dread write
Fe50Pd50 magnetic |ayers for 2x1014atom cn? and .
chaexteraishicay BéFoshasacbrydshiss) O BHEh magnetic
average grain dianmeter_of the magnetic |ayer beca 10
reaghing gaediynsyas| eALRALRE BVe 8@y aisPidt &R - off B
Ni layer is 50 nmor larger than 50 nm Simlar X
magrestlc hessl eppdilsddwasra comipinatFep qfu2 &3 whdrpck width
grain dianmeter control under-layer. ,Fig. 15 and. Fi
s ingle Hepke dPeEd APet 8eB-AsMB EEAEK &’ﬁd&% MR, sk a&Ea same

‘mesaae Candiaram Y dyEerabear iRy C v Rl SRR of 29

f dNi of. . d f I 1S, f
on e O LA S BB AETE ARy 9Oy Fpoca of

Ql4at o . respectively. When n is in a range
4'4ﬁ%ﬁ¥T&l %ﬁgéﬁéfycnﬁ to 8x1012 grains /cn¥, dPWO0

decr | - i i FelAaee d A0 bat put
grafﬁ' %ﬁﬂt?§§§§%%%§ti gra?ﬁgﬁghg}eglural(%anbe% of P
of gaggf%{rgtﬂrééséffédﬂ.e (BRRL ) GhL5 nida sulrled BREN®idfacterized as
recording layer on one N "crystalline grain on average
thd&NC Off + hBBHagmkHld HedAstidy Wesiokt. arhednéfsusedpd #mal S
for Cu, Rh, and Pt grain dianmeter contro
wa é—@ﬁi@]{:uf Fperl ifdderashaiapgenety of 1megagti cand themeasured
crystalline grains was 25 exam ned for magnetic
noiR€ Gl NGJdayRian BgphasevAEyeFagur e dtfehchin rafghidtiicn, the
recordi ng nmedi um usi ng an i nmage processi ng and
haBhaldAmef tokt derevitimgewdvefPtus"(dMNhd) avas evaluated to
Cybernetics Co.,USA) . In-plane TEM Figure for each
obtramigneds can etrodealt Ntprt ayher  Tsed Yutaingf eyfhddhe masgasling.
patterns expressed by two val ues increasing contrast
bet itsdrie 1 shows the average crystalline grain diameter duag

and the standard deviation o of the magnetic layer of each magnetic

recording medium.

[Table 1]
Example Atoms Diameter Magnetic dyag o
Deposited | Control Recording (nm) | (nm)
Layer Under layer
-layer

Example 1-1 Oxygen Cu FePt 5.0 1.3
Example 1-2 Oxyden Cu CoCrPt 4.9 1.3
Example 1-3 Oxygen Cu CoPt 5.4 1.5
Example 1-4 Oxygen Cu FePd 5.4 1.2
Example 1-5 Carbon Cu FePt 4.9 1.3
Example 1-6 Carbon Ccu CoCrPt 5.0 1.5
Example 1-7 Carbon Cu CoPt 5.5 1.2
Example 1-8 Carbon Cu FePd 5.3 1.3
Example 1-9 Ooxygen | Ni FePt 5.0 | 1.4
Example 1-10 oxygen Ni CoCrPt 4.8 1.1
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Co70Cr I0PT20-TOmOI oTi N conposite target. Magnetic
recordi ng 25 | ayers repl aci ng Co70Cr 10Pt 20 by

Fe50 Pt 50. C050Pt d d
NeNAsTg om.qaI oa% V\g?% 5%%%%?1% cd rregg)gjgchgmg?&-imnqyf the
lcﬁ.a]rreter with

eI AT | i ST A sk

sma}% N e Sg\ugtﬂ}ﬁ Moot S iTRIREE! Rad#EOid i ording

WElr'e prepare
medium of the Comparative Example 1.

Fig. 11 and Fig. 12 shows a relationship between the quantity
of deposited oxygen 6, and carbon 8., respectively, and the average
magnetic crystalline grain diameter dyaqg obtained by a nuclear
reaction analysis NRA for Fes,Pts, magnetic layer and Ni diameter

control under-layer samples. From this Figure, it can be found

that when the 6 value is in a range from 1x10*? atom/cm’ to 1x10%
atom/cm?, the crystalline grains were significantly small and
desirable. Similar results were obtained for the cases of Cu,
Rh, and Pt diameter control under-layer samples. Similar results
were also obtainéd for the cases of CosePtsy, FesePdsy and Co70Cri0PT2o

magnetic layer. For eachmagnetic recording medium, the fact that
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Tabl e 2A and 2B show SNRm val ues and dPWs0O val ues for

each magnetic recordi ng nedium Magnetic recording

| ayer structure conposite with chem cal conpound

| eads desirably increased 2&gnetic recording nmedi um

SNRm Every conposite magnetic 10 recording | ayer

i ncl uding chem cal conpound showed granul ar |
depasigedupsy JanRihgaaboa aE9Bs Henadoypg pr Gpmgterrfontrol

and Cu grain dianmeter control under-]| ayer shg d _,
undgridRy®Ls FREEROR LB AREINP b FHkH dPSAHERP }@ﬁ fidgmeter

cogia afisies o oniofisly” o Sinlibchifier
disés]ci:?ﬁ:é} (gtsaﬁ/ﬁ ﬁ@?EEdW @FIW%%E&’_QH& le/%ﬁfe'rpéh 4%r&ction.
o BiEocLhete 555" ShaRY & Sana ReEVagR the average
Q1B BENT CHIRTR AT EAhS S et SLIAYeS 3RE [ guerage
o B R N S e s
lay?r%on‘%:o%oéw%@@gzygé%%ﬁoeﬁé%gm/%mz deposited oxygen or

| Ca]%): NI GRCr Eye b 19881 k%8FBL £ the magnetic layer became

'Ni CoCr Pt -Ti C16. 7 2_ Exanmpl e 2- 13N CoCr Pt - TaCl16. 683
s iR R HtAy $RREa QrRen RN &334 ge grain diameter of Ni layer

is 50 nm or larger than 50 nm. Similar result was obtained for
samples for Cu, Rh, and Pt grain diameter control under-layer.

Fig. 15 and Fig. 16 shows dPWs, plotted as a function of
average areal density of magnetic crystalline grains n in each
magnetic recording layer obtained by TEM observation for dw: of
100 nm and for areal density of oxygen or carbon deposition of
2x10*atom/cm? and of 4x10'*atom/cm?, respectively. When n is in
a range from 1x10*? grains /cm® to 8x10*? grains /cm?, dPWso decreases
desirably. When n is in a range from 1x10'? grains/cm’ to 8x10%?
grains/cm?, plural number of magnetic crystalline particles in
the magnetic recording layer onone Ni crystalline grainon average
was confirmed. Similar result was obtained for samples for Cu,
Rh, and Pt grain diameter control under-layer.

Ordered arrangement of magnetic crystalline grains was
examined for magnetic recording layer in-plane TEM Figure of each
magnetic recording medium using an image processing and analyzing
software »Image-Pro Plug” (Media Cybernetics Co., USA). In-plane

TEM Figure for each magnetic recording layer was transformed into
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Exanpl e 2- 15RhCoCr Pt - ALN16. 485 Exanpl e

2- 16RhCoCr Pt - TaN16. 484 Exanpl e

2- 17RhCoCr Pt - Si 3N416. 383 Exanpl e

2- 18RhCoCr Pt - Ti C16. 482 Exampl e 2- 19RhCoCr Pt - TaCl6. 482
26 Exanpl e 2-20Pt CoCr Pt -Ti N16. 484 Exanpl e

2- 21Pt CoCr Pt - Al N16. 386 Exanpl e 2-22Pt CoCr Pt - TaN16. 686

B R R S e G

reglc{agﬁg%f%ﬁ%’lr@ghégcﬁnﬁ%ﬁ?g‘é?e?%ﬁﬁ@%nd the pattern was

tradBelefmd Y et bnd efed Byreic X arRk ¢ cd- gHEEePKS ¥890ang
Exanpl e 2-27CuFePt - Ti N16. 484 Exanpl e

evaRuzB{dIFelt tALNESs B2, mamlde rad28tefimehaNt6ud85be found
Exanpl e 2- 30CuFePt - Si 3N416. 784 Exanpl e

for 2e@tv@dPhaTi Giéi I8 abrdrplod 2oBRLOuFeRle Fx@h61583B.
Exanpl e 2-33Ni FePt - Ti N16. 582 Exanpl e
2- 3@ HePtotieX1 8ang4 Exeirp maonelsn Fefprdial 6:e8gym having
Exanpl e 2- 36N FePt - Si 3N416. 285 Exanple .,

n valueA\jipept rIneg efnygy 1x10 alns/cm to 8x0

having Ni, Rh and Cu grain diameter control under-layer, showed

gains/cm?, and

granular structured magnetic recording layer. FFT analysis for
TEM Figure confirmed essentially tetragcnal arrangement of
crystalline particles two periodical pattern showing
1:1/V2relationship in distances from the center spot.

For every magnetic recording medium having Pt grain diameter
control under-layer showed granular structured magnetic reccording
layer. FFT analysis for TEM Figure confirmed essentially hexgonal
arrangement of crystalline particles twc periodical pattern showing
1:1/43 relationship in distances from the center spot.

(Example 2)

Nonmagnetic 2.5 inches {about 6.4 cm) glass substrates were
put into the vacuum chambers and the vacuum chambers were evacuated
to 1x107® Pa or less. Then CoZrNb soft under-layer, Cu, Ni, Rh and
Pt films were deposited respectively, using the method described in
Example 1.

Oxygen deposited layer was formed irradiating oxygen ions at
200 eV using ion gun on the under-layer surface in oxygen
atmosphere in a range from 1x107°Pa tolx10°Pa. Then magnetic
recording layer of a 5 nm CoyqCripPtsp—-TiN was formed using

Co7oCrygPt2p-10mol%TiN composite target. Magnetic recording
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Exanpl e 2- 38Ni FePt - TaCl16. 483 Exanpl e

2- 39RhFePt - Ti N16. 383 Exanpl e 2- 40RhFePt - Al N16. 382

Exanpl e 2- 41RhFePt - TaN16. 483 Exanpl e

2- 42RhFePt - Si 3N416. 684 Exanpd e 2- 43RhFePt - Ti C16. 783

Exanpl e 2- 44RhFePt - TaCl6. 383 Exanpl e

2- 45Pt FePt - Ti N16. 383 Exanpl e 2- 46Pt FePt - Al N16. 584
layexanpeplacdiBt CeRCr TaNLG IB8Be @ iph £ CosoPtssand CosePdse, and

2- 48Pt FePt - Si 3N416. 484 Conparative (conventiona

| replRCHIGHTEN Ly A BIe AT (Eraddlas @31 s dNpesddast Fespestively.

i nches (about 6.4 cn) glass substrates were put intQq
Usitriee sdawidal eotederandst desgudbarh dpafsamplferle carbon

evacuated to 2x10-6 Pa or | ess. Then on the CoZrNb
projefat rideyerayas, depos fred @neg rl yir ¥G3 iy @a’é’er was coated.

deposi ted, and then deposited carhon Ilyer was msd

&1 R P
égg%teh%g?§2€ n%tjé \%6{120%\?%&%:32‘93217“‘%%%{6{ g%yvgﬁ values for each

B SIS i A
C050Pt 208 J’,\l‘_dh é}ﬁ?ﬁiﬁ%ﬂrﬁ%ﬂ {rﬂé %aﬁ%S'd%d!}%b-ﬁ.yo increased

eposite

t i .
e 3 P S B 5
reéo@&irgqarﬂga%eéPYﬂci\@§lﬁ aEﬁleggﬁn oS JTRARE i franular

WEr e repar e 3A and 3B show

J? 3&%#%5%@9 af*§€§1iQﬁeeafalngaaﬂeﬁhc Rh, and Cu
recor I ng nedi MagnetTc recordi ng | ayer structure

grain diameter control under-layer showed ordered structure
arranged to formtetragonal lattice. Ontheotherhand, magnét ic

crystalline grains on Pt grain diameter control under-layer

showed ordered structure arranged to form hexagonal lattice.

[Table 2A]
Example Diameter Magnetic SNRy dPWs,
Control Recording (dB) (nm)
Under-layer | Under-layer
Example 2-1 Cu CoCrPt 16.0 | 92
Example 2-2 Cu - CoCrPt-TiN 16.5 85
Example 2-3 Cu CoCrPt-AlN 16.3 85
Example 2-4 Cu CoCrPt-TaN 16.4 84
Example 2-5 Cu CoCrPt-5i;Ny 16.5 85
Example 2-6 Cu CoCrPt-TiC 16.3 83
Example 2-7 Cu CoCrPt-TacC 16.3 83
Example 2-8 Ni CoCrPt-TiN 16.7 83
Example 2-9 Ni CoCrPt-AlN 16.8 g5
Example 2-10 Ni CoCrPt-TaN 16.9 82
Example 2-11 Ni CoCrPt-8isN, 16.9 86
Example 2-12 Ni CoCrPt-TiC 16.7 82
Example 2-13 Ni CoCrPt-TaC 16.6 83
Example 2-14 Rh CoCrPt-TiN 16.3 84
Example 2-15 Rh CoCrPt-ALN 16.4 85
Example 2-16 Rh CoCrPt-TaN 16.4 84
Example 2-17 Rh CoCrPt-Si;sN, 16.3 83
Example 2-18 Rh CoCrPt-TiC 16.4 82
Example 2-19 Rh CoCrPt-TaC 16.4 82




10

10 conposite with chem cal conpound | eads desirably

i ncreased magnetic recordi ng nmedi um SNRm Every
conposite magnetic recording layer including chen cal
conmpound showed granul ar stgucture, and magnetic
crystalline grains on NN, Rh, and Cu grain dianeter
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X ﬁggaﬁ ol ormEbtraganab t BT Ea onifnd b pdd
Exepde fadhetlic  cPhstal i nEOGFBEHshn PLogfal n 86
EXBUPLE: ar22ont r ol Bhder-1 Crigy ;r_&i,ér_@d Qf%mf ure
| EXAMP189882 ¢ 0 |f orm hbxagonalCOCIPErebsNa Tahpeb 3y 63
| Exgmidst ar2dmdnet i ¢ PSNRm dPVERC B e Cond £ o Q:ap&?r dijng
Eﬁﬁﬂgﬂﬁnafz hnpr-la@Erlhdpr-CQQEBtfﬂﬁ%ﬂlpl6 6

3- 1CuCoCr Pt 16. 193" Exanpl e 3- 2CuCoCr Pt - Ti N16. 586

a 3- 3CuCoCr Pt - Al N16. 684 Exanpl e
»[Tagf ﬁmﬁmm TaN16. 481 Exanple 3- r:rrrwpmnmpf Si3N416. 685

EXSPRIS e 3- 6(3uCBﬁ”F’fteﬁ cle. 58RIBeAA SNRyp | dPWse
3- 7CuCoCr Pt - 381 Exa P@C%r ‘3CoCr PtaBPi N16("884
Exanr'nl e 3 OPIl oty Pi‘la’K‘FIKI'I ﬁ eh

Exgmpdey 56 bl TaN18Y 084 Hyanpl 9Pt 15.9 90

Exampl gy &a¢f pi. i a6, 682 IZY£@r‘ﬂt TiN 16.4 84

Exampd i o€ Pl-Ti C184 585 Fynm?eé’t?AlHM CaCrptd TacB® 98-

E ~39 1 ARNCo et - Ti N16 ﬁs@i’tpﬁﬂplp 16.3 85

Exampd nene? P - Al NfB1 583 28 FePt-SizN, 16.7 84

Example 2-31 Cu FePt-TiC 16.7 85

Example 2-32 Cu FePt-TaC 16.5 83

Example 2-33 Ni FePt-TiN 16.5 g2

Example 2-34 Ni FePt-AlN 16.7 g4

Example 2-35 Ni FePt-TaN 16.3 g4

Example 2-36 Ni FePt-5i,N, 16.2 85

Example 2-37 Ni FePt-TiC 16.1 82

Example 2-38 Ni FePt-TaC 16.4 83

Example 2-39 Rh FePt-TiN 16.3 83

Example 2-40 Rh FePt-AlN 16.3 82

Example 2-41 Rh FePt-TaN l16.4 83

Example 2-42 Rh FePt~381i3N, 16.6 84

Example 2-43 Rh FePt-TiC 16.7 83

Example 2-44 Rh FePt-TaC 16.3 83

Example 2-45 Pt FePt-TiN 16.3 83

Example 2-46 Pt FePt-AlN 16.5 84

Example 2-47 Pt FePt—-TaN 16,2 85

Example 2-48 Pt FePt-Si3N, l6.4 84

Comparative {conventional 15.4 109

Example medium)

{(Example 3)

Nonmagnetic 2.5 inches (about 6.4 cm) glass substrates
were put into the vacuum chambers and the vacuum chambers were
evacuated to 2x107° Pa or less. Then on the CoZrNb soft under-
layer, Cu, Ni, Rh or Pt film was deposited, and then deposited
carbon layer was formed using the method described in example 1
to each substrate.

Magnetic recording layer of a 5 nm Co4CrigPt:9p—S810; was formed
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Exanpl e 3- 16RhCoCr Pt - TaN16. 581 Exanpl e
3- 17RnCoCr Pt - Si 3N416. 684 Exanpl e
3- 18RNCoCr Pt - Ti C16. 380 Exanpl e 3-19RhCoCr Pt - TaCl16. 483
Exanpl e 3-20Pt CoCr Pt - Ti N16. 483 Exanpl e
3- 21Pt CoCr Pt - Al N16. 581 Exanpl e 3-22Pt CoCr Pt - TaN16. 380
Exanpl e 3-23Pt CoCr Pt - Si 3N416. 481 Exanpl e
us ih@ FPtrBo CoRs ¢ H1, 2L 6, -388 melams i®,3ceBPrSatePt aTgeL6. Hggnetic
[ Tabl e 3B] Di aneter Magnetic SNRm dPW0 Exanpl eContro
redRending ntp Y eB) (replanieg - CapbruRien-bayRescEREapl €0s0PTsoand
3- 26CuFePt 16. 091 Exanpl e 3-27CuFePt - Ti N16. 484 Exanpl e
Fes3PR8GuRap: -HRNES: 385 SHmpive T390 GJzOp: - TaN16A3N3 and TaN,
Exanpl e 3- 30CuFePt - Si 3N416. 486 Exampl e
were é@msépedwwmew%npl I@@%Q@@Féﬁﬁ-’ prReeeeg described
npl e 3-33Ni FePt - Ti N16, 383 Exanp
in §xsmmﬁtﬁelpt CArRP8. PASF 95t HEe éagegmﬁt@@wﬁ&ﬁfé 35 lubricant
| e 3-36N; FePt - Si 3N416. 384 Exanpl e
LayEs - 6RA L Gy BRGNS BA9R EepEopRsfinggedia vere

prepapg e 3- 39RhFePt - Ti N16. 382

Table 3A and 3B show SNR, values and dPWs, values for each
magnetic recording medium. Magnetic recording layer structure
composite with chemical compound leads desirably increased
magnetic recording medium SNR,. Every composite magnetic
recording layer including chemical compound showed granular
structure, and magnetic crystalline grains on Ni, Rh, and Cu
grain diameter control under-layer showed ordered structure
arranged to formtetragonal lattice. Ontheother hand, magnetic
crystalline grains on Pt grain diameter control under-layer

showed ordered structure arranged to form hexagonal lattice.

[Table 3A]
Example Diameter Magnetic SNR, dPWs,
Control Recording - {dB) (nm)
Under-layer Under-layer
Example 3-1 Cu CoCrPt 16.1 93
Example 3-2 Cu CoCrPt-TiN 16.5 86
Example 3-3 Cu CoCrPt-AlN 16.6 84
Example 3-4 Cu CoCrPt-TaN 16.4 81
Example 3-5 Cu CoCrPt-Si;sN, 16.6 85
Example 3-6 Cu CoCrPt-TiC 16.5 81
Example 3-7 Cu CoCxrPt-TaC 16.3 81
Example 3-8 Ni CoCrPt-TiN 16.8 84
Example 3-9 Ni CoCrPt-ALN 16.7 83
Example 3-10 Ni CoCrPt-TaN 16.9 84
Example 3-11 Ni CoCrPt-5izN, 16.6 82
Example 3-12 Ni CoCrPt-TiC 16.5 85
Example 3-13 N1 CoCrPt~TaC 16.9 85
Example 3-14 Rh CoCrPt-TiN 16.6 87
Example 3-15 Rh CoCrPt-AlN 16.5 83




Exanpl e 3- 40RhFePt - Al N16. 482 Exanpl e

3- 41RnhFePt - TaN16. 381 Exanpl e 3- 42RhFePt - Si 3N416. 583
Exanpl e 3- 43RhFePt - Ti C16. 481 Exanpl e

3- 44RhFePt - TaCl6. 382 Exarrplgg8 3- 45Pt FePt - Ti N16. 583
Exanpl e 3-46Pt FePt - Al N16. 7 Exanpl e

3-47Pt FePt - TaN16. 884 Exapple 3- 48Pt FePt - Si 3N416, 582

Ex @xprhy| & 1% UOPt FePi- Ti C16! 785CERANTAE 16.5 81
| Ex@mp Pt FdpPt | TaCl6 R85 Conpdicdtrifte S @bnvent ¢ onali 1584109
Ex@Exahpl eMEd] um) (Bkanpl e 4) C6C2PE-THeh|(about 6.4 &M

Exdmp b= A shapedRhonmagnget CeCgbPrasBac syibsié ad es| weé
Expnebarkedland fil Mtdepositi 6nSrverBitpenf orded usi n@3
Exsmpies gr-@dess as $hiown i n| Exafpbe-AlNip!t ol ®xygen 81
Exglaplosi3H2é@n| t reat ment . 29| TheOrBO-Tan Pt - TIN 3vas 80
| Exgleplosi3-e€d usi ng &tconpos| tadr@tgetlaf |Pt:d0! npl d8Ti N
| Exdrpleachr2dupstrat et On t hp BbedpdN-Tayer, 56 rén 83
Ex &00Cr3HQBt PO- Si O2tnagnet | ccoeeptdram | ayes. svag 82
deposited using Q070Cr 10Pt 20-10%6I O2 conposite
target. 5 Then various nmagnetic recordi ng nedia were
tained depositing carbon protective |ayer and
oI ey : p y

g lubricant layer using the procedure descrihed

Exampknpl e 2. PREBRIERE i op, VARIHUSC maghetife rled8Wei nig

medi a were prep@édotrom t h&eragAerec | & dijng nm!

medium nent.il I TAREYRL ppﬁﬁﬁﬁﬁlﬁﬁﬂﬁr-laypr Pt by 10
Epgmpie 3 u ing -0 hy AN
 EXANBLONRIZ! Ti C, afd TaC | und®eRY=9idr  rieddadt ilvelBd
 Exapbleabrd®ated Peeparing tEERfer™SN or jeddh S 85
Eganpiet o’ |Furt et norel nefgRiiT%eN reciorddi-dg il aPér o
ERasplet 5030 CO50PtS0 and FeSEPHEOSialet ead 1d6f. 4 86
Example 3-31 Cu FePt~TiC 16.3 82
Example 3-32 Cu FePt-TaC 16.5 84
Example 3-33 Ni FePt-TiN 16.3 83
Example 3-34 Ni FePt-AlN 16.7 80
Example 3-35 Ni FePt-TaN 16.8 81
Example 3-36 Ni FePt-Si;N, 16.3 84
Example 3-37 Ni FePt-TiC 16.5 83
Example 3-38 Ni FePt-TaC 16.4 82
Example 3-39 Rh FePt-TiN 16.3 82
Example 3-40 Rh FePt-AlN 16,4 g2
Example 3-41 Rh FePt-TalN 16.3 g1
Example 3-42 Rh FePt—-81i3N, 16.5 83
Example 3-43 Rh FePt-TiC 16.4 81
Example 3-44 Rh FePt-TalC 16.3 82
Example 3-45 Pt : FePt-TiN 16.5 83
Example 3-46 Pt FePt-ALlN 16.7 84
Example 3-47 Pt FePt~TaN 16.8 84
Example 3-48 Pt FePt-S51,;Ny 16.5 82
Example 3-49 Pt FePt-TiC 16.7 85
Example 3-50 P FePt-TaC 1.4 85
Comparative (Conventional 15.4 109
Example Medium)

{Example 4)

2.5 inch (about 6.4 cm) hard disk shaped nonmagnetic glass
substrates were prepared and film depositions were performed using

same process as shown in Example 1 up to oxygen deposition treatment.
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CO070Cr 10Pt 20Si Q21 and Ti O, A1203, Ti N, ALN, TaN, TiC
and TaC instead 15 of Si 02, were deposited
respectively, preparing targets for each deposition.
Tabl es 4A and 4B show SNRm @l ues and dPWs0O val ues for
every magnetic recording medi um having CoCrPt-Si 02
magnetic recording layer and respective under-|ayers.
Thevh{ain &tr-@ddruh s delpapdrt 2Dustingct opmposipestaegardf Pt-10
chem cal conpound showed increased magnetic recording
mo Ifedi iin tSNReaclsi sibatrateul t Omatheal Bo-Talnday@ifen Soffer
magnetic recording |ayer was applied. Every nmagnetic )
Co7pec 0Ptz nngS L Qy magaed ighd@cdrdigg sha¥es wiardgpesited using
structure, and nagnetic recording nedia with Ni, Rh,
Corafith B 2gr B0 HS HParRQmROPEL e ohEFBFLunder - | ayer showed
essential |y ordered structure of rm]gnet,i c crryst [1i.ne
gr aiTRETRFHHRNE RRYRPHIE ot PagBALPI| BEfiae WorE, g ined
ot her hand, magnetic recordi ng nedia w.th rain
depfishetRd Carhmnt er%&&é&%ﬁew%&%@&%@é}@@&&% gayer
of netic 30 cryst al.%i e grains. arranged for .
us g EREmaodedtr et S R iprd R pRRE L nebr sl e sRRr Lous
dPWb0D Under-la erlIle %1 nn;e Exanpl e _4-.1 }7 .
madioiptf 7 SR AR T ASAPE 7 BTFPRr Sibig OOt ik TOR Eic
BIRS 1A el G aT ol P e A hARRE
reBIRIG et M2 G fo R ag g AT 1ayer 2 by
Pd,*]%i’,dhgr.'\%%;ﬁ@ EX8"Rhe 4nd0tLpThdid S onE@MRIR, Tansi,N;,
4-"T1VAG-"Ti . 574 :
Tic, and TaC, under-layer, respectively, were fabricated
preparing targets for each deposition. Further more, magnetic
recording layer of Fese-Ptsg, COsoPtse and FesoPdso instead of
C070Cr10Pt;0810,, and TiO, A1,0;, TiN, A1N, TaN, TiC, and TaC instead
of 8i0,, were deposited respectively, preparing targets for each
deposition.

Tables 4A and 4B show SNR, values and dPWs, values for every
magnetic recording medium having CoCrPt-5i0,; magnetic recording
layer and respective under-layers. Magnetic recording layer
structure composite with chemical compound showed increased
magnetic recording medium SNR,. Similar result was also found
when other magnetic recording layer was applied. Every magnetic
recording layer and under layer showed granular structure, and
magnetic recording media with Ni, Rh, and Cu grain diameter
control under-layer showed essentially ordered structure of
magneticcrystallinegrains arranged to formtetragonal lattice.

On the other hand, magnetic recordingmediawith Pt graindiameter

control under-layer showed ordered structure of magnetic




Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e
Exanpl e

4-12Cu- Ti N17.
4-14Rnh- Ti N17.
4- 16Pd- ALN17.
4- 18Ag- Al N17.
4- 20Ru- AIN17.

4-22Pt - TaN17.

474
773
773
672
873
874

cryBEcailia et imsTali7a 57sd Exanppemshegagonall tagrice. -

Exanpl e
Exanpl e
Exanpl e
BExxainpl e
Exanpl e
Exanpl e

4- 13Ru- Ti N17.
4-15Pt - Al N17.
4-171r-A N17.
4-19Cu- AIN17.
4-21Rh- Al N17.

4- 23Pd- TaN17.

773
775
572
674
773
572

Exanpl e 4-26Cu- TaN17. 573 Exanpl e 4-27Ru- TaN17. 773
Exanpl e 4-28Rh-TaN17. 672 5 [Tabl e 4B]
Exanpl el nt er nedi at e SNRL dPWso Under -1 ayer[ dB] [ nn
BZ@rrpHPd 4- 29Pt - Si 3N417. 976 Exanpl e 4-30Pd-Si 3N417.973

EE% ﬁp?c A= 3T QWL 414 ¢4 FXanmpLRRA- 32AP- SI 3Gl /- 774
a e 4-33 §h§g;411a3,%z_,5 E_xan'pingf- 34RU- Si 3MkG7. 875
c44Ioo =S 3t . orZ2 EXanmphe #-306Pt- 11T ChfA 773

Eﬁ’éﬂl hf c44|2-\312u'- fi bl(Pd:ﬂ_I’f Exqnpie14-3817- [T CL7. /@74
Example©-3 °77N" THCH 773 17.2 77
Example 4~-4 Ag 17.2 77
Example 4-5 Cu 17.2 76
Example 4-6 Ru 17.4 77
Example 4-7 Rh 17.4 77
Example 4-8 Pt-TiN 17.8 74
Example 4-9 Pd-TiN 17.86 75
Example 4-10 Ir-TiN 17.8 75
Example 4-11 Ag-TiN 17.5 74
Example 4-12 Cu-TiN 17.4 74
Example 4-13 Ru-TiN 17.7 73
Example 4-14 Rh-TiN 17.7 73
Example 4-15 Pt£-AlN 17.7 75
Example 4-16 Pd-A1N 17.7 73
Example 4-17 Ir-A1N 17.5 72
Example 4-18 Ag-AlN 17.6 72
Example 4-19 Cu-AlN 17.6 74
Example 4-20 Ru-AlN 17.8 73
Example 4-21 Rh-AlN 17.7 73
Example 4-22 Pt-TaN 17.8 74
Example 4-23 Pd-TalN 17.5 72
Example 4-24 Ir-TaN 17.5 73
Example 4-25 Ag-TaN 17.6 74
Example 4-26 Cu-~TaN 17.5 73
Example 4-27 Ru-TaN 17.7 73
Example 4-28 Rh-TaN 17.6 72

[Table 4B]
Example Intermediate SNRy dPWs,

Under-layer [dB] [nm]

Example 4-29 Pt-8isN, 17.9 76
Example 4-30 Pd-5iiN, 17.9 73
Example 4-31 Ir-8i;N, 17.7 74
Example 4-32 Ag-5i;N, 17.7 74
Example 4-33 Cu-51i:N, 17.8 75
Example 4-34 Ru-S1:N, 17.8 75
Example 4-35 Rh-8i3N, 17.6 72
Example 4-36 Pt-TiC 17.7 73
Example 4~-37 Pd-TiC 17.9 73
Example 4-38 Ir-TicC 17.6 74
Example 4-39 Ag-TiC 17.7 73
Example 4-40 Cu-TiC 17.5 72
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Exanpl e 4-40Cu-Ti C17.572 31 Exanple 4-41Ru-Ti C17. 874
Exanpl e 4-42Rh-Ti C17. 775 Exanpl e 4-43Pt-TaCl7. 675
Exanpl e 4-44Pd- TaCl7. 875 Exanpl e 4-45lr-TaCl7. 772
Exanpl e 4-46Ag- TaCl7. 473 Exgnpl e 4-47Cu-TaCl7. 373
Exanpl e 4-48Ru- TaCl7. 874 Exanpl e 4-49Rh-TaCl7. 972

Compatrati-ve{(Conventional 15 4109 l:vanr‘nl sYas=Ya IINEI ||ﬁ

T~ =7\

E:XQWJ J-r%l %_41}\ i) 5 | N ‘]?Jé;b_g_u_t_(‘ 8har dl di ck7 L*hl
| ExamRtgnitiZ gl M&%mw
Mﬁéﬂﬂl?f@ fa) \ngpe_5%'_"é¢5¥%r medlusi nd t%he sane pfdcedu

Eﬁémﬁh%mﬁ 1% FYAnﬂ|Bd1Tq n__to Parﬂxhadpnnaltlrﬂﬁ
Examglereht45 THen 10LFTRS - Si 0P wad? ﬁpnnq t ed {&ing
1 Epprade pht 48 Sil02 codfiosiG e target 1Ndri ouk nebhetic
Exarpteli frf hredi um v el hr i cat ed degosit | ng vB}i qus
Exannbe i ¢~ 4%cdr di ngRY AT on {he Pt7-8Si 02| | ayets
 Edappbe t4 AP 10 car bthr TGt ect i ve [18¢@ and coatd ng
Cpubrteiite | ayer(Geoivagtipeal same flébrdi cat| ng é6Rditipns
Edampt¢ bed in [Exanplediyn) Furthernmre, vatious nagnetic
recordi ng nedia were obtained replacing the Pt by Pd,
Ir, Ag, Cu, Ru and Rh, and replacing the Si02 by TiQ
B= 3N, AIN, TaN, TiC, and TaC, 15 respectively,
pre aring and using each respective target. Tables 5A
and2 58 shew 3hBowvtaleyes cand M valk Uesah€d néagBgnetic
magneti ¢ recordi ng medi um having CoCrPt-SI 02 magnetic
glasgcénésﬁgaltaseﬁﬂ%ml rregrectd vandndetm| dyepg.itmiosaposﬂem@

- r.th
perggrggd %%%%§H¥H%Sggﬁ%\%ggke é?%cgé sh o nung %gg%pl% % up

(’DBCl

to carbon deposition treatment. Then 10 nm Pt-Si0; was
deposited using Pt-10 mol% Si0O,; composite target. Various
magnetic recording medium were fabricated depositing wvarious

magnetic recording layer on the Pt- $Si0, layer, depositing

.carbon protective layer and coating lubricant layer using the

same fabricating conditions described in Example 4.
Furthermore, various magnetic recording media were obtained
replacing the Pt by Pd, Ir, Ag, Cu, Ru and Rh, and replacing
the Si0, by TiO, Al,0;, TiN, AlN, TaN, TiC, and TaC,
respectively, preparing and using each respective target.

Tables 5A and 5B show SNR, values and dPWsy values for

.each magnetic recording medium having CoCrPt-Si0, magnetic

recording layer and respective under-layers. Disposing
under-layer composite with chemical compound under the
magnetic recording layer showed improvement of magnetic
recording medium recording resolution. Similar result was
also found when other magnetic recording layer was applied.
Every magnetic recording layer and under layer showed
granular structure, and magnetic recording media with Ni,

Rh, and Cu grain diameter control under-layer showed




20 magnetic recording | ayer showed i nprovenent of

magneti c recordi ng nmedi umrecordi ng resol ution.

Simlar result was also found when other nagnetic

recordi ng |ayer was appliedsy Every magnetic recording

| ayer and under | ayer showed granul ar structure, and

magnetic recording nedia with Ni, 25 Rh, and Cu grain
essdnaABlial eidq L*Jlﬁﬁici’s@ﬂe@roﬁhﬁﬁﬁﬂe%s@ce%%%%ttla@'ﬂlhe

ordered structure of magnetic crystalline “grains
graanﬁaﬁge@ngsd%nanﬁQWmaQEMBagbaail¢att¢nethe0mth®e other

netic recording nedia wth Pt grain dianeter
ha“éonf“na(‘iﬂne&%d%rrq iInhdiRdi dreFRAFSt Eﬁétlﬁr gigmeter

B SR Y BRI 00

cry§|NBml(iB\65@rléﬁdﬁ:‘ | evyredl kiR [ 0] f&?ﬁﬂ”ﬁb@aéoﬂa@l_l[a%fﬁ ce.
Exanpl e 5-2Pd17. 377 Exanple 5-3lIrl17.278 Exanpl e

5-4Agl7. 379 Exanpl e 5-5Cul7.077 Exanple 5-6Rul7.377
Exanpl e 5-7Rh17.178 Exanpl e 5-8Pt-Ti N17. 775 Exanpl e
5-9Pd- Ti N17. 674 Exanple 5-10tr-Ti N17. 673 Exanpl e

5- 11Ag-Ti N17. 775 Exanpl e 5-12Cu-Ti N17. 674 Exanpl e
5- 13Ru-Ti N17. 872 Exanpl e 5-14Rh-Ti N17. 875 Exanpl e
5- 15Pt - Al N17. 875 '




Exanpl e 5-16Pd- Al N17. 772 Exanpl e 5-171r-Al N17. 973
Exanpl e 5- 18Ag- Al N17. 674 Exanpl e 5-19Cu- Al N17. 872
Exanpl e 5- 20Ru- Al N17. 975 Exanpl e 5-21Rh- Al N17. 973
Exanpl e 5-22Pt-TaN17. 774 Ex33pl e 5- 23Pd- TaN17. 673
Exanpl e 5-241r-TaN17. 774 Exanpl e 5-25Ag- TaN17. 673
Exanpl e 5-26Cu- TaN17. 774 Exanpl e 5-27Ru- TaNl17. 973
[TaEE)d&ﬁpISﬁ]S 28Rh- TaN17. 673 [Tabl e 58] Exarrpl el nt er nedi ae

Dm nll')\l\l[f\ lnAdar vy

e | e
I\II \W BV | ,I IIII_I pl C
=28 BESE- Si 3NA17) 8 gg é@féfes sopg?["‘gxa:mn. 972 ahl e
b3 r—SI3MNALFF APt e—5-32Ag=SHaNdT 7871 npte
EE(H ;Lne. zTI;r\|/|17 a-/o Evarmal e L ’Dlll')ulji"‘r\m’l_l 024 ot
1O Pt oo N4 T IINFILT.[OTH IpIC
oLk 302N117] 075 Ediiphe5-[36R-H L7 075 Exanpte
1517 675 Exarble 5-3dir TiCT7 772 Exanmie
N 872 .gge 5-44¢Cy Tﬁ 13 14 Exaﬁmq“
. it e 5-4drh- Tiided 972 [Exanpiie
BXAPPRE. G017, 813 Ru 17. T
Example 5-7 Rh 17.1 78
Example 5-8 Pt-TiN 17.7 75
Example 5-9 P4-TiN 17.6 74
Example 5-10 Ir-TiN 17.6 73
Example 5-11 Ag-TiN 17.7 75
Example 5-12 Cu-TiN 17.6 74
Example 5-13 Ru-TiN 17.8 72
Example 5-14 Rh-TiN 17.8 75
Example 5-15 Pt-AlN 17.8 75
Example 5-16 Pd-AIN 17.7 72
Example 5-17 Ir-AlN 17.9 73
Example 5-18 Ag-AlN 17.6 74
Example 5-19 Cu-AlN 17.8 72
Example 5-20 Ru-Al1N 17.9 75
Example 5-21 Rh-A1N 17.9 73
Example 5-22 Pt-TaN 17.7 74
Example 5-23 Pd-TaN 17.6 73
Example 5-~24 Ir-TaN 17.7 74
Example 5~25 Ag-TaN 17.6 73
Example 5-26 Cu-TaN 17.7 74
Example 5-27 Ru-TaN 17.9 : 73
Example 5~28 Rh-TaN 17.6 73
[Table 5B]
Example Intermediae SNR,, dPWso
Under-layer [dB] [nm]
Example 5-29 Pt-Si;N, 17.8 74
Example 5-30 Pd-Si N, 17.9 72
Example 5-31 Ir-8i;N, 17.7 71
Example 5-32° Ag-SizN, 17.8 71
Example 5-33 Cu-8i3Ny 17.6 73
Example 5-34 Ru-S1i;N, 17.8 74
Example 5-35 Rh-51;N, 17.9 75
Example 5-36 Pt-TiC 17.9 75
Example 5-37 Pd-TiC 17.6 75
Example 5-38 Ir-TicC 17.7 73
Example 5-39 Ag-TiC 17.6 72
Example 5-40 Cu-TiC 17.7 74
Example 5-41 Ru-TiC 17.9 73
Example 5-42 Rh-TiC 17.9 72
Example 5-43 Pt-TaC 17.8 73
Example 5-44 Pd-TacC 17.8 74
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Exanpl e 5-44Pd- TaCl7. 874 34 Exanpl e 5-45lr-TaCl7. 675
Exanpl e 5-46Ag- TaCl7. 675 Exanpl e 5-47Cu- TaCl7. 673
Exanpl e 5-48Ru- TaCl7. 874 Exanpl e 5-49Rh- TaCl7. 773
Conparati ve (conventional Xz 4109 Exanpl emedi um
(Exanple 6) 2.5 inch (about 6.4 cnm) hard di sk shaped

—honmagnetic glass substrates were prepare
Eganp g < Weanet i o 5 Teddldi nglnedi L17vBre fabricdaPed

0] T r rat@ﬂgTaﬁrnrpdurp %?-&yanp e 4 3§rppt
LErpERIe pdr) entiati ot Yedatr ol Iaypﬂ7m§q di:pnqpa3

| EpatRker ¢t t nagnetBUcTafder - ayer 1An®l grain di’Aneter

 Exempielo14dver _ gnet?e? recordind3ned
Cappar btV ned. | ASoRnenbmadt ati onleeohtrol {10 IHfr, 5
Exedpd ck Ni Al | ayeRedidmdeposited in 0.7 Pa Ar

at nosphere preparing and using Ni Al targets. In
addition, magnetic recording nmedia having orientation
(Ex§RPiEOk)l ayer of MO N O MA, G, Si and TiN,
respectively, are fabricated. 15 Table 6 shows the
recopr 8l ngcAndabeptoduai kg) ehardclieik Sdhgse@f neaglgnetic
magneti ¢ recordi ng medi um having CoCrPt-Si 02 nagnetic
glagecenbdehgaltapeweard Rierd ¢ dirmted -véajens hagnasiftound
that the SNRm further increases by disposing the
recgrigRPalPEehac /oIt Aderatad eisingy nirar f2briestrry

bt ai ned f th ti di di
PrOREGRRS BEhErMEGert CAULO AR |4y SRACRhAGP- CAPEFOL
layggnQEQaEiggése%Sbetween soft magnetic under-layer and

grain diameter contrcl layer. Then various magnetic
recording media were obtained. As the orientation control
layer, 5 nm thick NiAl layer was deposited in 0.7 Pa Ar
atmosphere preparing and using NiAl targets. In addition,
magnetic recording mediaz having orientation control layer
of MgO, NiO, MnAl, Ge, Si and TiN, respectively, are
fabricated.

Table 6 shows the recording and reproducing
characteristics of each magnetic recording medium having
CoCrPt-S10; magnetic recording layer and PE-TiN under-
layer. It was found that the SNR, further increases by
disposing the orientation control under-layer. Similar
results were obtained for other magnetic recording media
having other magnetic recording layer and under-layer

combinations.
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[Table 6] Orientation D aneter SNRm dPWs0

Exanpl eCont r ol

Contr ol

[dB] [ nn] Under-I| ayer Under -1 ayer

Exanpl e 6- 1NoneCul?. 773 Exanpl e 6-2N Al Cul8. 171
Exanpl e 6-3MyOCul8. 270 Examal e 6- 4N OCul8. 370 Exanpl e
6- 5MnAl Cul8. 171 Exanpl e 6-6CGeCul8. 170 Exanpl e

6- 7Si Cul8. 369 Exanpl e 6-8Ti NCul8. 269 Exanpl e

[TaglgN@r}eM 17 874 Exarrpl e (j }9,\'\" Al N|418A470|_Exarrpl e
J. E}\ 1T UZn .L{_I\'ll adl L1g. & A Ilpl
b dﬁ 13 R, dPWso
TS vnAl 18T § %fila e B-T4CEN 18.2?5 anpl
- T n
6- 15Si Ni 1§ gi LR KL 18,4717 Ecarppl efrm
"_ 17N " D1 m — (@] 10Q faVaZal | m S Bl
st BE Ll 8t W fzosoos o
EXalD e MR RH18. 339 bk ampll e 6-225eRh 1637 Exampl-e L
Exa%p??,\é_.@hlu 76 %_?(@nﬁl e16 24?5%%18 26%3' 79
Example o- 1 u ) 8.3 70
Example 6-5 Mn&l Cu 18.1 71
Example 6-6 Ge Cu 18.1 70
Example 6-7 Si Cu 18.3 69
Example 6-8 TiN Cu 18.2 69
Example 6-9 None Ni 17.8 74
Example 6-10 NiAl Ni 18.4 70
Example 6-11 MgQ Ni 18.2 70
Example 6-12 NiO Ni 18.4 70
Example 6-13 MnAl Ni 18.2 69
Example 6-14 Ge Ni 18.2 70
Example 6-15 Si Ni 18.3 71
Example 6-16 TiN Ni 18.4 71
Example 6-17 None Rh 17.5 75
Example 6-18 NiAl Rh 18.0 69
Example 6-19 MgO Rh 18.2 69
Example 6-20 NiO Rh 18.2 70
Example 6-21 MnAal Rh 18.3 71
Example 6-22 Ge Rh 18.3 71
Example 6-23 51 Rh 18.3 70
Example 6-24 TiN Rh 18.2 69
(Example 7)
2.5 inch (about 6.4 cm) hard disk shaped nonmagnetic

glass substrates were prepared and various magnetic

recording medla were fabricated using the fabricating

procedure of Example 5 except that an orientation control

layer was disposed between soft magnetic under-layer and

grain diameter control layer.

Table 7 shows the recording

and reproducing characteristics of each magnetic recording

medium having CoCrPt-Si0; magnetic recording layer and Pt-TiN

under-layer.

disposing the orientation control under-layer.

It was found that the SNR, further increases by

Similar

results were obtained for other magnetic recording media

having other magnetic recording layer and under-layer




(Exanple 7) 2.5 inch (about 6.4 cnm) hard di sk shaped

nonmagnetic 5 glass substrates were prepared and

vari ous magnetic recording nedia were fabricated

using the fabricating proc®lure of Exanple 5 except

that an orientation control |ayer was di sposed

bet ween soft magnetic under-layer and grain dianeter
combdmiatdlonisayer. Table 7 shows the recording 10 and

reproducing characteristics of each magnetic recording

medi um havi ng CoCrPt-Si Q2 magnetic recording | ayer and

Pt-Ti N under-layer. It was found that the SNRm
[Tahhalﬁﬂ i ncreases by dlsp03|ng the orientation

Examp' Lrot—untersEa¥EL 1o M bihmé@éﬂ"s WRRE OprageRd Tor
er magneti gohecgy di g Medido115 haykgy ot hefnm;
gnetlg rogﬁhgkngayéye uﬁﬁg&Jygyg& | ayer 36

Exatple’ 7ot OIS Indhd & 1] k"eﬂ atrom thangter ShNiRs U
Exafip g7 anph eCqptor Controt chdBIiTM 1.4 7 70
Exaggig.! PAE S RSN T T AI el - O 1 E 1 A LI

. N SO IO T T U A AT =01V Io o7 daipr e
g:‘(gﬁ;ﬁ 18471 ng‘ﬁ%n"pl e 7-SMALCHTS: 7%2%% e

QO ©71 varnml o A Z7C 0 200l = I

Exalip S ol 11 775 Bt 9NN 185 §Be 7
Examp\_[lw l J-I T S_il\u.llpl T 9 NI L'Of 01.8.3 69
Example 7—8 None Ni 17.7 75
Example 7-9 NiAl Ni 18.3 71
Example 7-10 MgO Ni 18.3 69
Example 7-11 NiO Ni 18.2 712
Example 7-12 Mnal Ni 18.4 70
Example 7-13 Ge Ni 18.2 71
Example 7-14 5i Ni 18.3 70
Example 7-15 None Rh 17.6 77
Example 7-16 NiAl Rh 18.3 69
Example 7-17 MgO Rh 1 18.2 68
Example 7-18 Nio Rh 18.4 72
Example 7-19 Mnal Rh 18.3 70
Example 7-20 Ge Rh 18.2 69
Example 7-21 Si Rh 18.4 71

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

spirit and scope of the present invention.
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Exanpl e 7- 10MgONi 18. 369 Exanpl e 7-11N ONi 18. 272
Exanpl e 7- 12VhAl Ni 18. 470 Exanpl e 7-13CeNi 18. 271
Exanpl e 7-14Si Ni 18. 370 Exanpl e 7- 15NoneRh17. 677
Exanpl e 7- 16N Al Rh18. 369 Exanpl e 7-17MgORh18. 268
Exanpl e 7-18Ni ORh18. 472 Exanpl e 7-19MnhAl Rh18. 370
Exanpl e 7-20GeRh18. 269 Exanpl e 7-21Si Rh18.471 5
crLaAMshough the prevent invention has been shown and
described wth respect to best node enbodi nents
thereof, it should be wunderstood by those skilled in
art that the foregoing and various other changes in
t helt or nhamdgdetar| rarehdingdepditinngcbmpnisheg:spirit
and scope of the present invention. 10 37 CLAIMS: 1. A
nagﬁe?PgsFﬁeB?ding medi um conprising: a substrate; 5
an der-layer forped on the _substrate;, K a magnetic
rec%gdPﬁaeFa§%¥egn¥$ﬁ%e§n %rFﬁgyEPgséﬁ%tg’protecting

|aygrmE@ﬁQE?cOPe&BEdﬂﬁgnﬁéyérrSﬁoEgénQn&é¥Eiay&@?r§h?

the under-layer including a grain dianeter 10 contro
under -pEteSctCionPr 1s@srCryStmdd | B8 Jfldd N:a@fnedtid eastording
one selected fromthe group consisting essentially of
layew, Ni, Rh and Pt, and an deposited atom | ayer of at
| east one selected fromthe group consisting of
oxy§eRratbnkhandnear bby Skt bRl eALRGe2 grbr Hn dilhaeeker
conﬁggﬁLﬁ#gé%ﬁg%ygg:%ﬁﬁSEi%ggfﬁfgggaf?gggt5ga£ggoégl29 least
one selected from the group consisting essentially of Cu, Ni,
Rh and Pt, and an deposited atom layer of at least one
selected from the group consisting of oxygen atoms and carbon
atoms on the grain diameter control layer surface.
2. The magnetic recording medium as set forth in claim
1,
wherein the deposited atom layer comprises the element
atoms in a range from 1x10Y atoms/cn® to 1x10*® atoms/cm? on the
average of areal density .
3. The magnetic recording medium as set forth in claims
1 or 2,
wherein the average grain diameter of the crystalline
grains of the grain diameter control under-layer is 50 nm or
larger.
4, The magnetic recording medium as set forth in any
one of the preceding claims,
wherein the grain diameter control under-layer comprises
crystalline grains of at least one selected from the group

consisting essentially of Cu, Ni and Rh orienting (100) planes

of the grains parallel to the substrate surface.
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1, wherein the deposited atom | ayer conprises the
elenmrent atons in a range from 1x1013 atons/cn? to
1x1015 atoms/cn2 on the average of areal density . 20
3. The magnetic recording mgdiumas set forth in
claims 1 or 2, wherein the average grain dianeter of
the crystalline grains of the grain dianmeter contro
under - | By@rmd ghdQ f ir®cBkdihgl B8iiua A setheFRANEhi £ny one
recording mediumas set forth in any one of the

of phecerkaiclaiaisimwherein the grain dianeter contro
under -l ayer conprises «crystalline grains of at |east
onewierert ddid mmnetd cgrogprdtonsiatamgonpséneis ahsgnetfic
Cu, N and Rh orienting (100) planes 3Q of the grains 12

Cryphp it I56 e 18uBEt PRERRERIF Y. g8 S5 tYTRENARGHENT X 10

i N hitgm as.set faorth.i,n, any, on of the

arafBEPe 10 BFE e aAts of o RS Hnshel B Sl dig sy ep @

crySOIPL i SE Y MINGH €neClysi@l di NG HidlBs elNyuAle AVRIAGE
areal density range froni 1x1012 5 gralns?cnﬁ to
8x1812 grmiensmd griek el g dordihdr ddedaima ey ager Ofoh in any
crystalline grain of the |large grain dianeter

one upderhd ppmceddngThéaimgneti ¢ recordi ng nedi um as set
forth in any one of the preceding clainms, wherein the
nmagree T el dd6r NG erayer ceordils da ipgghenpEisgy magnetic

al | i , ' d i f f tet l.
crsibi T 'Geiler ares"9edTHE Iniggt PE FBEGPATRGL Eth Uhie

-str%tlﬁeé. forth in any one of the preceding clains,
erein

I'n the grain diameter control under-|ayer
conpy i sesrhel magrtttial keB8r&in@ i ditinP e RbkNGobdd1in any

pl anes of the grains parallel to the substrate
one suf ftace précedhegnagants c recordi ng nmedi um as set forth
in claim?7,
wherein the grain diameter control under-layer comprises
crystalline Pt grains orienting (111) planes of the grains
parallel to the substrate surface.
8. The magnetic recording medium as set forth in claim 7,
wherein the magnetic recording layer comprises magnetic
crystalline grains in an average areal density range from 1x10%
grains/cm? to 8x10%? grains /cm® held in plural on average on a Pt
crystalline grain of the large grain diameter under-layer.
9. The magnetic recording medium as set forth in c¢laims
7 or 8,
wherein the magnetic recording layer comprises magnetic
crystalline grains arranged in a form of hexagonal lattice
structure.
190. The magnetic recording medium as set feorth in any
one of the preceding claims,

"wherein the magnetic recording layer comprises granular

structure comprising magnetic crystalline grains and grain
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wherein the magnetic recording |ayer conprises
magnetic crystalline grains in an average areal
density range from|x1012 20 grains/cn2 to 8x1012
grains /cnR held in plural f average on a Pt
crystalline grain of the |arge grain dianeter
under-layer. 9. The magnetic recordi ng nedi um as set
bouESEL? fé%féﬁﬂlgﬁci%sgﬁ Seagﬁe5§|§hé q%tkg talline
recordin ayer conpr?ses magneti c crysta Prhie
gra@hdins arranged in a formof hexagonal lattice
structure. 10. The magnetic recordi ng nedi um as set
forih.in By nonetdic ttheopdengdhagi wh adrsetwierehnih heny
magneti c recordi ng |ayer conprises granular 30
onegpf ueherrreeatindsicAgimagneti ¢ crystalline grains and
©grain 39, boundary re%ions encl| osi ng each of the .
maghBET 81 r §3% 1915 1 CgF SPREIIAY . 1a¥Ry megwatpes magnetic
di medi_um S forth in an one of , 1he
cxy B e Rk b T e P BB e

conb 8YIng MBY 8% 179988t £6-c£F Y& a4 | ne-grabng pL-Bd.
| east one selected fromthe group consisting

essent i al Thye aladoRt@t, r€ooPlindranddi@nthsFecPdfot2h Theany

magneti c recording mediumas set forth in any one of
onet g Precadigryiclbachsimd wherein the magnetic

recordi ng medi um conprises at |east one internedi ate

undére¥aliert e RAdes tE Rer AegReRE BasHoldicREPrLa§eratanteast
the |ar rain di ameter der-1ayer accoppanied wth

one T GilEEied “ArsH FaYer P29 otha raBREET b LY oETT UGS

layérPdélern Sl feogt:g'hndférﬁéﬂgrlﬁln:lﬂ%’r—%sgg cé&ﬁpanied with
I ntermedi at e ghd r-fayer conpri ses at feas one

the @il dfe Sltat Beodr| ayer conprising nonmagnetic

crystalline grains and grain boundary regions
encl®si ngrleactagofetithecnondhgneiddiwr wst akki Aergh aimsclaim
12,
wherein the intermediate under-layer comprises at least
one granular structured layer comprising nonmagnetic
crystalline grains and grain boundary regions enclosing each of

the nonmagnetlc crystalline grains.

14. The magnetic recording medium as set forth in claim

13,

wherein the granular structured intermediate undexr-layer
comprises nonmagnetic crystalline grains of at least one
selected from the group consisting essentially of Pt, Pd, Ir,
Ag, Cu, Ru and Rh.

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

wherein the magnetic recording medium comprises a soft
magnetic under-layer having soft magnetic characteristics

disposed between the grain diameter control under-layer and the
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20 14. The magnetic recording nediumas set forth in
claim 13, wherein the granular structured internedi ate
under -l ayer conprises nonnmagnetic crystalline grains
of at least one selected fgpmthe group consisting
essentially of Pt, Pd, Ir, 25 Ag, Cu, Ru and Rh. 15.
The magnetic recordi ng nediumas set forth in any one
subffrthe preceding clainms, wherein the magnetic
recordi ng medi um conprises a soft - magnetic
undee: | aymie hiadinkad 180k cBBGNRY i ke AGL BEiSELESH 3N claim
di sposed between the grain dianmeter contro
15, under-layer and the 40 substrate. 16. The nagnetic
recording mediumas set forth in claim15, wherein the
maghee el ddts diaggeiridi tRTevRprd Seesliam generisgs| aydpnder-
havi ng, chem cal conposition of at |east one selected
LaveF o TH GriStp CenSPBRP - EUR et I L o6F Rl Sepgged from

fhe g/?é%n%}%\“éansyslg’inlgsgﬁggg‘gl la$7 Scpjpﬁl\gl lbeh\ﬁﬁi? If;ﬂrg@, %;?6,” TiN,

er contro er a He SO gnetlc
si sRgete | BJosel’ be B Nok fPFa il edumlbREr MBEREESL under-

recordi ng medium 10 conprising: a process for
layéorandigte godictnndyaset erurodant-riclyeinder - | ayer
conprising crystalline grains of at |east one sel ected
f r oh' t he i csbAsirspiraguessemigidbiofreCording Rpdium,
and Pt on a substrate; 15 a process for form ng an
Col¥eo'stt’ed atom | ayer of at |east one el ement sel ected

fromtNg.Qroup, conshshing of  gxygen.and  carbon atons
on ? gral n di aneter %ont?d?l}ayer surface; and a

layP¥ Q&85 ifQhdf e&pwglm@%%tiirfs 13cQedipgst ayer an dheq
deposited atom l'ayer formed grain dianmeter contro

fromnges -Jrayer coRionihde:sahigtirate. ok8. cihentpthwhiorrt on
produci ng magnetic recordi ng nmedi um
a substrate;

a process for forming an deposited atom layer of at least
one element selected from the group consisting of oxygen and
carbon atoms on the grain diameter contrecl layer surface; and

a process for forming a magnetic recording layer on the
deposited atom layer formed grain diameter control under-layer
on the substrate.

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

wherein the deposited atom layer at least one element
selected from the group consisting of oxygen and carbon atoms
in an average areal density range from 1x10'? atoms/cm® to 1x10%°
atoms/cm® is formed at the process for forming an deposited atom
layer.

19. The method for producing magnetic recording medium
as set forth in claims 17 or 18,

wherein the grain diameter control under-layer comprising
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as set forth in claim17, wherein the deposited atom
| ayer at | east one elenent selected fromthe group
consi sting of oxygen and carbon atonms 25 in an
average areal density rangefrom 1x1013 atons/cn? to
1x1015 atonms/cnR is fornmed at the process for formng
an deposited atom |ayer. 19. The nethod for producing
50 Hﬁgﬁﬁtléﬁy%@cQ%ghngOnﬁg|Hf}ségifﬁﬂe'%Q%ﬁgs|BfC£§|f§a§g'one
or 18, 30 wherein the grain dianetéer contro
seldteked -1 myercheogpbusi Bendils Shhnraentacgey bhatu piMRh
. crystalline grains of at |east one selected fromthe
andgPouis clongiest iatigtbsspnté¢ads yraf fCamiNg, aRbraamdd Rimetser
formed at the process for formng a grain dianeter

congppt r¥lidamdérerayepd BaRl e HurwiteseResSdEpesfter wwn at
| ayer at. 5 | east .on | ement,_.sel ected fromihe grou
rean Bl ARG SryEncT ahth b0 oot GPRRLT I et Skvgen
a 96 Aibi1ARLe L GOBR! Bhe Upder s | u t -
an processJTor ?b?%iﬁg g%ed poé}fQ%S%Fg%1Féggf?ffﬁ%ﬂ$héayer
surf@ddon ftole produskngoABgNE ity LC PR BBL G BySet
forth in any one of the clains 17 to 19, 10 wherein
t he2@r ai Tk amethexd comt pobdhayey remMetis mgcbhding medium
crystalline grains of at |east one selected fromthe
as gpouprtdoasi spyngnessenthialdpiges &J, thNi 19and Rh
oriented their (100)  planes parallel to the supstrate
syr‘lﬁéec‘”eejirb rH&&lat d%g‘&et‘iﬁ Fola¥BF nFAGPEI YR Fhe
cryéﬂéﬁ. H&J %%@5E0|f|§¥eiéa%§5&%% QTH%cgg&h9goforhe roug
pro u0|n8 nmagnetic recording medi um as se o7 th !ﬁ
condBE1ORE BkehReathal 9B 4, 18 2QndMRAr 8L Def ey MBGNST i G o0)
crystalline grains are arranged essentially in a form
plads treiraagenakol ahéi sebsirdiet Wie fiaget e rOBYAECIALE the
recordi ng-1 ayer plane at the process of formng a 20
progragnetorc fognondi agotaymerdif2@tetheonetbddliper produci ng
magneti c recording medium _as set forth in any one of
t het ¥l ai Me1pethog1fofneredyriite "goarhi6i afeeeding medium

as §é¥n€3¥th|% e£n§°o élg%rgkéryiaims 17 to 20,

wherein the magnetic crystalline grains are arranged

- essentially in a form of tetragonal lattice structure in the

magnetic recording-layer plane at the process of forming a
magnetic recording-layer.

22. The method for producing magnetic recording medium
as set forth in any one of the claims 17 to 21,

wherein the grain diameter control layer comprising the
crystalline grains of Pt oriented their (111) planes parallel
to the substrate surface is formed at the process for forming a
grain diameter control layer.

23. The methed for producing magnetic recording medium
as set forth in claim 22,

wherein the magnetic crystalline grains are arranged

essentially in a form of hexagonal lattice structure in the
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crystalline grains of Pt oriented their (111) pl anes
parallel 25 to the substrate surface is forned at the
process for formng a grain diameter control |ayer.
23. The nethod for produci ngp magneti c recordi ng nedi um
as set forth in claim22, wherein the magnetic
crystalline grains are arranged 30 essentially in a
nagh®f I Ofe HPBIRPAL vt bi §8e S UGS JR 5N £420 PROAS C
recordi ng-1 ayer Féne at the procéess of formng a
nagrnaghet tecamtiondiiaget-ayer. 24. The net hod for produci ng
magneti c recordi ng nedium as set forth in any one of
t he2él ai nBhd eth®B,foF wiredechng heagregniet irecording medium
stalline grains in the magnetic _ recording-|ayer
as %1‘?% Fortedn ﬁné(noﬁﬁe?gg@%r%]aﬂl%ﬁgl 9 Fange from
1x1012 grains/cn to.8x1012 ns /cn at t pr ocess.
forOh d%h1ngla gﬁ cF%%E%iﬁ%ﬁfl%ﬁﬂﬁns 25. QEF magnetic
d ral a t
I 50 38 O SROE 50
fromUbSIQ &t §ra ihdyRGACEb COXBEOr g dlichd Ivaf Qt tth@ process for
under -l ayer, a protecting ayer formed on the
formagnet imagnecdcdiragordymy~ldveer .under -1 ayer including a
grai n dianeter control under-layer conprising 15
crystal | ifhéegingitas spcardieasindrersedoctiad fppmraties,
roup consisting essentially of Cu, Ni, Rh and Pt,
com AW deposited atom layer of at |east one sel ected
fro n n 0 n at rbon
at oﬂé%bﬁst%}%‘ésr%?lnﬁhaék %¥e]_f foor¥r%l% a;glg? %L% acaete’ZO
a mﬁgh@@@&dlﬂéioﬁ%ghﬁnWfgyé@ ngn Meghani By Ard g 4 Nerorecting
magnetic recordi ng nmedi um a recording and reproduci ng
laydeatiormehamh Shher @eghdtng reabodimy i 0AyvES, t hReMagaet+Tayer
recordi ng nedi um and reproducing fromthe nagnetic
inchetiondi iy wediinm d2Bmataradcerindging urebharliayeyr debwpbngsing

t he recordi ng and
crystalline grains of at 1least one selected from the group

consisting essentially of Cu, Ni, Rh and Pt, and an deposited

~atom layer of at least one selected from the group consisting

of oxygen atoms and carbon atoms on the grain diameter control
layer surface;

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

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

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

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

26. A magnetic recording and reproducing apparatus as

set forth in claim 25,




reproduci ng head; and a recordi ng and reproduci ng

si gnal processing system processing recording
signal s and reproducing signals. 26. A magnetic
recordi ng and reproduci ng apparatus as 30 set forth
in claim25, 43 wherein the recording and reproduci ng
head nmechani sm conprises a single pole head.

wherein the recording and reproducing head mechanism

comprises a single pole head.




