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DESCRI PTI ON MAGNETI C RECORDI NG MEDI UMBMETHOD FOR

PRODUCTI ON THERECF AND MAGNETI C RECORDI NG AND
WERERRODIIC NG DEVI CE Cross Reference to Rel at edPCT/JP2007/052446

Applications: This application is an application filed

under 35 U.S.C. 11 1 (a) cl ai_qi_ng t he benefit pursuant

to 35 U S.C 119(e)(l) of the filing dates of

Provi si onal Application_No Pg%é,é , 338 filed February

15, 2006 and Japanese PQFegrQ g cati ons No.

2006- 03218 fil ed February 10, 2006, No. 2006-036957

filed February 14, 2006, No. 2006-061493 filed March
MAGNEXI6 RECORDINGOIEDITY, METHORIFOBPRORECTIOD THEREOF AND

ursuant 3 S T [ Field: This
M‘fﬁ%&@?&ﬁ&%@iﬁ@ @%ﬁﬁﬁ@%@gﬁé g medi um for

use as in a hard disk drive, a nethod for the

production thereof, and a magnetic recordi ng and
Cross Refatemdiertg Retapedc ApplRatikey: ound Art: In recent years,

as netj.c .recordi ng. devi i '

ar 1 TB8 35 yioR € i SR yp Bt RS L) it gho bonef
puRade foIBNSS.q. §xpoERer of Bé rfilingn@ass of Prowisiony! application No.
60/(%6“ ned in significance, efforts have been directed

39,8 8 fikadaltsbrungy ¢ he2006 gnddananesedisiant Agphieations Hoe 409603218 filed

t hese, driyves ' ' drids 1166 056l 61493 filed
RS, 15 2 VG ARSI RebREPE 200, 160200661493 fie
Mdr€e Py 2606 Gind @Tes 2096-h267 M dited Aprit 212006 puisnantite 3 ATHB.AC §111(b).

since the introduction of the Magnet-Resistive (MR

head and the Partial Response Maxi mum Li kel i hood

-hechnique. Onng to the further introduction of

Teélﬁ@%)fé%?- Magnet Resistive (GWR) head and the ) )

TunfThls igetbgnedaeResa stdgnetiq ToRydite awpdivm feceset as in a hard disk

years, the_.increase is contipuing at a pace of. about .
ari{ o arisshod i, e riroducehngherert Ao PinelgRiihoRling 38 reproducing
defigdNg urged to attain a still higher recording density ~
In future and their magnetic recording layers to
acconplish addition to coercive force, Signal to Noise
B ti oi R) and resol uti on. Recent years have been
§RA Ry efforts that are being continued with the
obj ¢ tre€dnt eyl cis NBagiteic| leoedingr dodeed] Bockdenshagnetindlisk drives,
adding to the surface . . ]
flexible disk drives and magnetic tape drives, have immensely expanded their ranges of

utility and gained in significance, efforts have been directed toward enabling the magnetic
recording media used in these drives to be prominently improved in recording density.
Particularly, the increase in surface recording density has been further growing in ardency
since the introduction of the Magnet-Resistive (MR) head and the Partial Response
Maximﬁrn Likelihood (PRML) technique. Owing to the further introduction of the Giant-
Magnet Resistive (GMR) head and the Tunneling Magneto Resistive (TMR) head in recent
years, the increase is continuing at a pace of about 100% per year. These magnetic
recording media are being urged to attain a still higher recording density in future and their
magnetic recording layers to accomplish addition to coercive force, Signal to Noise Ratio
(SNR) and resolution. Recent years have been witnessing efforts that are being continued
with the object of enhancing the linear recording density and adding to the surface

recording density by increasing the track density as well.
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recording density by increasing the track density as
well.In the | atest magnetic recordi ng devices, the
wo e@ckodensi ty has reached 110 KTPI. As the trBCRIP2007/052446
density is further increased, it tends to entail such
probl ens as causing interference between the parts of -
data magnetically recorded T%‘adjacent tracks and
i nduci ng the magneti zation transition region in the
borfdethe ilatest regimatic recording devioese the Hagks densiiyirhas regeged 110 KTPL
i mpai r, the SNR _Thi s .fact hinder h e f :
As o e Geanig B P BERENSE TR0 el So) Pagpices causing

int&ﬂrén@%éhﬂgeﬁ% Bhits & @dta ridgetially tdeerdedkin afjacent tracks and
I'ncreasing the surface recording density, it i

] is . .

indaing twanygdtiastidrtansititinaegionl in the: berderige gpgion 4p cppibitute a noise
magneti c recorgding di.u ' i ine densit

soulgeo TR P I I ar P e b B ShE Bl erdEnt BOWE Gecbrding density

becaeUf RlREHiBRENRIIRAh Ieweriiadhabigerdi mid.i | m t hi ckness as
permssible. "As the recordipng bits furfher decrease |j Nihat the
si ZBor thewake rof ineressing: the fuslags fefordiag ANyt Shiiccgisaty tha

. esseni ng.t he. mni i i h atthedi@ras Rhihute a size

indyef FOEng Buftbf HR FhsRLY FeoRlinBRGRGI be KohibaPiffas Pibute o

as (196 izaatdnabled focseate aalmes siiyratde maghetization @adi wegnetic film

urther, since the track

. | pitch.grows small.. th

thiekRgsiciRersBb ki A8 SoroL Ik Bis GOHEh B ede s sl qgrever, they tend
i ' | MirkhGh PlGHEasgymagdtizaiont pe bit and

to g@%%&n&%&%ﬁ@flgﬁs%ﬁ Erégggt;é %}jng%ti on of the @ﬁgentéhod oflm
indaiag @kiingionhe reardedidaty through thamepgnelization aeverek aused by thermal

the reproducing in a smaller width than during the '
flugtadi™i ng with a view to elininating the influence _

fromuihG. ahACERE tHdRCIpRcH QrbWe §bdll edie pexsaetld erecording device

extent. Not wi thstanding that this nethod is caIPabI @ﬁof ’
necespifateSsirainghrervnmechaniss leviifeaely high 2apuRGNtTC, FLIRSame time,

sy BT ] of Mo AR ENE i i viah o
exétutibg Gne Eeﬁa&%?@ﬁﬁa%@ w;igthtthmi dgriog fthi¢ cadording ﬁ:lth a view to
securing a_ sufficien : one means 1o e, W
elimiratipg ogwe anfhrence iromy the adiagent; &ac 30 a@@oﬁa'%isg I,’possqble extent.
CORL S fid f{pfu igr fdfi GipBrissifs ttRd! infhdce between the
Nogw{vﬁfiﬁ%xidtnké Qléa(rg ﬁgﬁcgeﬁﬁg l? rcaa??(bqg ed;séi;‘1 ?/ b§/1 or m'u; . .
adjabéR Graklay fotal ramiabmn g entadls suchqicebloms gk endeningadfigipnt geguisition of
recordi ng nmedi um a conseguent | hy.sical | y.. : -
the; ngppgpf AEPT wation é}?ﬁqxﬂit gﬂfg@gﬁ@yﬁnﬁg Clrggurl?igé ndéfvi\;wbl}]t& elP securing a
su?i@cYe ¢« SRigs technique will be referred to as a "discrete
rack “net h

od" and the magnetic recording ) .
As one means to cope with the problem of thermal fluctuation and accomplish

acquisition of due SNR or a sufficient output, an attempt to enhance the track density by
forming irregularities along the tracks on the surface of the recording medium and
consequently physically‘separating mutually the adjacent tracks is now under way. This
technique will be referred to as a “discrete track method” and the magnetic recording
medium that is produced by this technique will be referred to as a “discrete track medium”
herein below.

As one example of the discrete track medium, a magnetic recording medium that is
formed on a nonmagnetic substrate bestowed on the surface thereof with irregular patterns
and enabled to acquire physically separated magnetic recording track and servo signal
pattern has been known (refer, for example, to JP-A 2004-164692).
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mediumthat is produced by this technique will be

referred to as a "discrete track nedi unf’ herein bel ow
wa\sooongl7exanpl e of the discrete track nedi um BCT/JP2007/052446

magnetic recording mediumthat is forned on a

nonmagneti ¢ substrate bestowed on the surface thereof

with irregular patterns and enabled to acquire

physi cal |y separated magnetic recording, track, and

ser bissmagnetic pecarding ARSRIR i 2B amagh elﬁyerlffmmed on the surface

X - - D . I .
of PRl ARictring £ BRARG \O ool RACTOA 16L orfaB BefldiOua a sof
maghetic Rydrsinddtas aposteetind filj forpledroml the yurfidce of the ferromagnetic layer.

irregularities on é_he }slur ace t.heheof via,a soft .
Thisagagtstic Tesgrdineamadin ddpithg CPRYSHEE SPHiRES Hipreafgnagostic
rec%&’&iflg s etfi&a{l]I AFRAOEEDH the¥Rhironhléinfs. MRgNet i

recordi-ng medi umhas formed in the convexed regions )

t herAmobrdimgg hetthis megustidi regording onlivmgiteds digld yhat a high-density

divided fromthe envi.ronnents. .Accordi to.thi
m%&%&%@dff&‘aF Pﬂ’g‘sﬂﬂ%ﬁ B?ngrqaf hoige’ fan ge Fq%glteg gepaﬁe the fact that the
oclirfhcé TShyndtRINANS Gn £ GO dhichetiB diayéR cas Wengippeessed results in

great noise can be formed because the fact that the ,
preyeuting dhe énfhfenpepfethermalaflpeiuations frost treadilynannearingapd allowing

can. be.s ressed.re . . ting the influence
ex%‘?c“toﬂé)lf @?‘@?Fﬁc@?"&&‘? e?)l#h% ?cg?n&rn géllg%{@g appeari ng and

al | oe igscRxé trackt methodfis kativar fnamwerkisds) et wemethod evhich forms a track
adj acent signals. The discrete track nethod is I%nomp .

subseqeent tfosang & MagneYICHBRAS WD PoRsiEing of pgupber of stacked thin

r g . be i th d ﬂ .

Y RElod L AR g g B vty on

thevmirfied ofiai substiaie ws sebsetphant to Formimg) iredgubar mattemd ionga thin-film layer

reagy SRS GRIBREOR 11 PR GoRis B PR B D P s AT 783 and JP-A
205?—2?@?94!) MRYWBFmérSaeod adn@11E@ b Mddnefic Mye pidcassing type, is at a -

( , ‘for exanple, to | P-A 2004-178793 and JP- A
diadoantagesinosfferingethe onediumntet bro ecaddy teontasinated) dyring the course of

TR RO -
thél yhysichl fphste o€ seffadet @6l betdatiedasst @ibssjukit to the formation of the

conplicating the process_of production as well because, )
mﬁdﬂumedﬂﬂﬁrl@@ftm%h?ﬁgﬁeééﬁu‘& HE eBRPTPIAFeSEE ¥R shqugh pet inducing

rri s i o) i . .
e AR b PO, 1l 408, G850 i
stdb?]ltmtioﬁ (1) ﬂ@ﬂﬁff)dsmireidanduhé hgighEaﬂﬂoataﬁélqmnf theet feoordihgy anugreproducing

the course of produgtion, is at.a advant age in .
hegel agamsdig g&ealﬁg IrPRAfing ﬁn%fe&rﬂ@%wbﬁ% 918%‘6“& L hsdpgipm because
th&frrdBR RIJeMBrBed b ehd &BAFHE OG0! RRARE Gidtence on the film to be

formed.

The emboss proéessing-type method of production enables no easy realization of a
flat surface because the irregular shape formed on the substrate is overlaid with the
magnetic layer and the protecting layer and is consequently suffered to continue the
existence thereof to the surface to be completed.

On the other hand, the discrete track-type recording medium by the magnetic layer
processing-type method adopts a procedure of forming the magnetic layer used for
recording on the surface of the substrate and subsequently forming a magnetic pattern and,

therefore, acquires a structure that results from executing pattern formation by the
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head adapted to execute recordi ng and reproduci ng

while floating on the nmedi um because the irregul ar
WG bape9f7er med on the substrate is fated to conPCTIR2007/052446

exi stence on the filmto be fornmed. The enboss

processing-type method of production enables no easy

realization of a flat surfack” because the i rregul ar

shape formed on the substrate is qverlaid w fated
impringme tisthddaytidized sl fartrenyvandueioisn gulisaquesnt &rﬁay‘ie?hmg the part fate

consequentl suffe ed .0 C [ etic
to G eI Paty 1ateang, SHRMAHE SIOEGRY GHRRsed nonmagn
matB@d sutiB&ingi the reéifltaht AGkack tpea pRaaridng greatatingnfusthet lgeating the

maghetic | ayer processing-type ne hod aqﬂ% g} This maenetic
surfpccowithl apeotedtingdtim layer: wetqle Tigating IayeL fhefego. s mag

r.ec rd| c fluction and not onl
etclg% Lfgﬁ‘ir%ﬁ acF FilACS %{ég tﬁé’??&fe?st 8f 9 y

mng a nagneti Cc pa tern and
forth§8 Eﬁfs@ 6: cont@ihatim tait also fidtsito eedlizat fabsuface. from

3:( ?églgplgaq?yaggé gge{gg@{;ﬁ? é‘g(?ggérgg d?lédlﬁlgﬁ b@grﬂg%{ ﬁﬁmf[ﬁ% %dthls enables
enla(rﬁ thg thc;rﬂlglt:]%lﬁ d@?ﬁtt s%ﬁ‘z{ég GhbBgll reThdad Qﬁﬁfﬂll@htdnmgoﬁkt recording

or a car bon- based
denSioy AB.GVEll becatsd eher diStaneaJ rﬁ]oecthengeardh@ thesmpgnetic 1averrdeceeases in
to a planarizin furthge c t|
accaidaneg: as (e prote tgl ?e I peeqmes, @1‘5 , Olznn dﬂi? o&repnﬁw in the track is
dec dd‘éﬁ rﬂlyctﬂé h@ighﬂ &Wﬁfate&i&ﬁr&' 13 he-ﬁb 'rﬁnmﬂgﬁﬁthﬂueﬂaoé‘loﬁ@e tpyq:tectmg film

medi um conplicates the proces
lay@r el irregnlaastiapeot Howl t}le?igatmloa of 4he beadyis stabsiy retained, therefore,

cont ami nati on but I I
constitutesan m@é’ﬁté?tatlaflﬁ/%r%ﬁees% %Qon'i@gs!gg%% Righ ﬁg&)lrﬂl%g élfensny tis
thefdfGid rBquitdduRitYh&irasgulah lpsr;t@ﬂ &bcba@able rmtfaﬂgwmg thérBoatatiruef the head

and i nput signals through the head and .hei ni ng t
to rmblmrﬁ@m@rmawnwevw 0 SORCE A PSRN, e PR laver as

! HREL BPSEI4 By BRGAIBMRCKs.
posggv?ef &’05 F? %?LH]% Ihl?tg%}g%“% econes t% 5
densioinéver) attb&nﬁqmcﬂor Ipsod:hemrgcaedlsgytet ﬂﬁ@ckh@p@mn mat entalls scarcely
floatatron of the hea run c
egiisensi Frayer cupile Rrdtl A EHSER gy frmaconor
dhn, ﬁ‘lﬁ NeticGbedroig médinan elizd eBminates the
affajt Qﬂfa%% Sggé&gﬁﬁlh%%ﬁ?gﬂ tg?sk oer t he sage of h
phamwaiph iof biungngofHlieger duging th mrmfgmtylg qfidatacin magnetic tracks has
therefore q¢u red that the irregular pattern is
notBgs, Qlﬂr%P%’F i ng the floatation of the head to be
st at‘I'h-*t’s 151%1*}'%10%9!1) the hadpinefid rdcbﬁhﬁp&@l/utmccmﬁmmtmg m;:hmcalsdlfﬁculty in
closely to the magneti c | ayer .as,paossible menon
comeqecme rof pnev@rmsreng reqprdiag dentilyy fse"i“éﬁéeat dl%raéwgr the gheno
of H}.BB bﬁ%ﬁ %Hrglg ﬁ? COLFpe\g%Krﬁ%%lgﬁc t&OAR %Qgﬁit rfaol(?rlﬁequently adding to the
suFh@ £@bMing density by ensuring retention of a recording and reproducing property

better than before, substantlally increasing recording density, and decreasing the coercive
force and the remanent magnetization in the regions scattered in the magnetic recording
pattern part to an extremity. This invention is enabled, particularly by depriving the
discrete track-type magnetic recording medium resulting from forming concaves and
convexes subsequent to depositing a magnetic layer on a substrate of a step of removing
the magnetic layer as compared with the conventiohal magnetic layer processing procedure,

to provide a method of production that simplifies the process of production noticeably and
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the risk of causing contam nation during the course of

production and enables formation of a flat surface or
wa@2agodmtdnue for produci ng a nagneti c recor di NECTERNOUIN52446

that elim nates the phenonmenon of blurring of letter

during the course of witing of data in magnetic

tracks has not been propose‘dsto date. This invention,

in the magnetic recording device confronting.t echnﬁjll.cal .
entailisfrfol appréociatile risk rof éedusingecastanamation: pch gemaghete Je9y g medium

densjty, is gj ned aty el.in ' of
thatgnarriertignaredtisnt rea oG bRR L B ETIRTREAE
recordi ng and consequently adding to the surface

recording density by ensuring retention of a recording
Diselosure epthedovéntignpr operty better than before,

substanti al |y ingreasi r i glg]gclt tiYere8N @ method for the

degfléeaﬂ??ﬁmt ?;‘EVCB@%I% %?{)/‘Feig?sorgg ghgn%g% %e Femanent - ,
profBdivatdfaahi@Rtit Redoltfing ewiins canptiieg du stepstdf alepesifing 3 magnetic

recording pattern part to,an, extremty.. This iinventiop.
layérsonodessbane side ¥ sctmaIaE)els, SHEBHP 4R ALY HFR RO into the

track-t [ ' i oy e "
T R e G A
parfs dhE@NBidretit aycerdisnpaitesimagneticellpseparatedshy e noamagietig parts.

th tic | d with t :

g B Desserk eienlip et MGV RS ca il oot s YieRhdrtehod for the
proﬁﬁétg)%d?fjg 195%4%%tr%éﬁ?dﬁlﬁaﬁleéihﬁﬁhéﬁlbﬁﬁng hie Breps @ depbsiting a Co-

production n d

ticeably andentails ho appreciable ri skd all
comininatmagnetic daydram atalersirongngdde ofragrramagnetic sitsiraly and partially

. nedium t hat, ifests, an excel | 0@l | . Co-

impS R HymapOPG e Rsipel HEnHie 1ngBERT gD Wpagnoize the Co

codtﬁ‘i}iﬁfgi In9kietithBydd! AREMY forentiommapnetic parts awl & meaghetic recording
aspeCt thereof” a nethod for the Er oducti

jneti gglpOf g Co (002) or Co
patteay meagneticablyoseppratednbyiitharnernpgnels arts nd JoRigHng €
e ! _ : o
N i
the Xirfly &Hﬁaclltmrtetli/z:%ﬂlesser %o partially unmagnetize the
ti er, 1 i ti
o e arssent Guenam B ST Ao Ry e P Ed Ayl UR oL B fiod for the
prc%)cﬁ%%&? Bf@%@bﬁfc @%Iﬁﬁlg mMEBuR @eMHsing e Blep bf d¢pokitiag a magnetic

ides as e seco aspect thereof a nethod for the. h
layRF 66 urlchanefida ofiagnmnagnetic sebstiiateandenartiphydBiptAnfigg Agpms into the

the steps of depositing.a Gocontai.ni inc . :
N TR S e —
paR§hd & Jn)(%ﬁe@iel RSriAg pateBmagidichite séparated bgithe mgnmagnetic parts

magnetic Tayer to partially_unmagneti ﬁe t he
anCoamietiag airelgvant gare of the magagtic kayel BRRIPPHN ng

- NONRSE {biu%th%%f)éc% oft &1% ifvenRen Alak SocifeEll Method of any one of the first

to third aspects, the magnetically separated magnetic recording pattern comprises magnetic

recording tracks and servo signal patterns.

In the fifth aspect of the invention that includes the method of any one of the first to
fourth aspects, the atoms to be implanted are atoms of any one element selected
magnetically from the group consisting of B, P, Si, F, N, H, C, In, Bi, Kr, Ar, Xe, W, As,
Ge, Mo and Sn.

In the sixth aspect of the invention that includes the method of any one of the first

to fourth aspects, the atoms to be implanted are Kr or Si atoms.
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pattern magnetically separated by the nonmagnetic

parts and lowering Co (002) or Co ( 110) peak strength
wotodosebevant part of the Co-containing magnerCTIR2OYRI52446

as determ ned by the X-ray diffraction to 1/2 or Iess.

The present invention further provides as the third

aspect thereof a method for” he production of a

magneti c recording nedi um conpri sing the steps of

de s seivengh aspeatynbthiednveation theh inglude the methed of aay gpe of the first

nonmagnet i ubstrate i ' i,
o BEESRS fPoARGe T L1 oo ARG, BT on e
wnREDS sk al e sCpignat s gomss
ern. magn
E IljeTheo areseyciventioar fsthan ATl of ﬁ@l it @y%%si’gﬁta{h%%r% spfhagnetic
e magpetic | . . ]
el AT G RIBFRIBNE hbskie {BgiTgacippie o
least Bge fide BF tHemonhiagfetitspbstrae andhaoms parially amplantedjatoghe ghagnetic

layﬂrrgg.ggiiaﬁ@ r“?‘?";rgg‘i’snnzgﬁ éﬁ%fi&&ﬁ&k@?& ?ogﬁlggt rilc}:q%natgﬁgtic parts and a
ma%‘#eftié Eg&%‘ﬁg ggt?%rﬁtéﬁ‘a%nftgﬁtéﬁ? éfRatbdBY tho Honkfgaetidariyet hod

~one . o fourth” aspects, the atons .
t 0 Dhe ipigskeninirv@ntore fatlemsprovides s che nipthnespects theggof ¢4 magnetic

recg;l%{]g,e Erylegﬁl:'nlh ?éo%{)l?lg%{% haeg\c%{ﬁ%@eﬁ o nl%@}a{eg\gd e{g/gzggtﬁ@%gimagﬁeﬁc layer
deﬂrcrygft:t‘%cggﬂ( %?Ieﬁs?mﬁl‘ét sid¥f oft 138 nbAvMesidtionubiifite it htodspattintly implanted

. any one of the first to fourth aspects, the .
int@tthersndgnetie layep| tanpastallyr anmagnstize; the (et ga%v ther ‘H’Y forming

aspect. of the | [ | :
ot i ol 1Y SR SRhhRChUFR iRl defred by the
noﬁﬁéf%?ktﬁ oarts Bl SSvaRingfCd (00R) g Go (110} pedki stpngihl of 4 eefasiant part of

on the mmagnetic |ayer, which Sd%{& I.S taﬁ n before the
the?nwem layapasedeterayneddy the Sniay %CB?%E% ? of ?ﬁ?%nt i on

ur ther i . ' .

S P R ot sty ot « magni
reo%?tgﬁg Iirfiﬁdﬁlm aoﬁ@gsiﬁgi&pdmyagnet&tepdstm’@daom@@ticp Jyé(gt deppsited on at
leagt:ﬂﬂ%as?ﬁeeéfq ?]?lgl?l{lra %ﬁ%l rg\‘gsaltnrg%tqtens? ﬂa%%ho @1&35& [ the magnetic
laﬂp%ﬁ%%@r%ggﬁaﬁ?@ﬂ%%a%né%?r, tHegib§ Hyrrhiag Mon@agnetic parts and a

nonmagt s and a magnetic recording pattern .
mdgﬁ@[tﬁtmc@ﬁdgxpﬁ&pamagg@cwy squrqﬁ%lpm@wépn@asa@ttcspartmgd rendering

present invention.furthe i d h :
o Bl g 5t gneaece eeorar ROt um conpr i 81 ng a ¢

NONAR GRS bventi ikpbetaif ehe iavéionahdtandlidey thagagtdtic reeyding medium

of any one of the eighth to tenth aspects, the magnetic recording pattern is a perpendicular

magnetic recording pattern.

In the twelfth aspect of the invention that includes the magnetic recording medium
of any one of the eightﬁ to eleventh aspects, the magnetic recording medium has surface
roughness Ra satisfying 0.1 nm <Ra <2.0 nm.

The present invention further provides as the thirteenth aspect thereof a magnetic
recording and reproducing device comprising in combination the magnetic recording
medium of any one of the eighth to twelfth aspects, a driving part for driving the magnetic
recording medium in a direction of recording, a magnetic head consisting of a recording
part and a regenerating part, means for moving the magnetic head relative to the magnetic

recording medium, and recording and reproducing signal processing means adapted to
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deposited on at |east one side of the nonmagnetic

substrate and atons partially inplanted into the
wore@neei7e2 | ayer to partially unnagneti ze the nBOIER2067/052446

| ayer, thereby form ng nonmagnetic parts and a

magnetic recording pattern n;agneti cally separated by

t he nonmagnetic parts and |oWwering Co (002) or Co (

110) peak strength of a relevant part of the gneti c .
entdray dignad Sntdethe mmgnetic bead #nsl Tegergyatg; anf QUARYL %%Palngrof} thegnagnetic

| ess. The present invention further provides as the
head.ent h aspect thereof a magnetic recording nmedi um

CONBfiE fivRfkich, H0AMRMbNetE fecoitsy matiam requiaingebimaticayeia magnetic
deposited on at |east one side of the nonmaglneti C tic substrat
recardingtpattem subdequenhto denositing|a MagRRtiGHRE §he dloppagnetic substrate,
netl o ayer Lo | Rk Ym &t td fPliCstability of
enafleg groviiare e ekl RrHeho Sl mUlRANR nbfted RReFRARR U stabiliy
heaﬂﬁf%%i'oﬁ, heessdi Ag qxatllent mbilitg e tsepaxbtieya lsmgmtwt regolding pattern,
t he nonmagnetic parts and rendering a relevant, par.
avoidsesusagmbing o) the dpilugpse i signal fnfetipeney Beateen, Sgt%%eq’ft pattern
f oS Y ing fodelty. RaEHet Contabaesl Rty to the
pa dL%c%l?Yrg%);n%greetcgﬁﬁl%%g&Jg#g?t igethg tent h as_,%ects, tghe,y
entARGMEIt O 1tRE rebuctvipabtemse itsisacapablperfdvmitting thendieetrhing step

recording pattern. ILn.the twelfth t .
s o oo sl o B e A5 e i e oo
recﬁ%lé@?ﬁe&’iﬂﬁl bt gm&&@g&@ bbéh Ripatdnblinaspes tvery tdmplicated step of

tirc recordi ng nmedi um has surface roughness Ra

progattif ying 0.1 nm< Ra < 2.0 nm The present invention
further provides as the thirt . C: PP tion
magi#E% MAEREHS AP P F%{ﬂ‘fé‘a‘ﬁ‘?i%ﬁg i 3haT 03:’%2%"??6 | ﬁ?és mvertion
exdels GPHAN3EdRMing NEenbiBg PrRépesty’ Beranst Mg utikzisutheomagmsfic recording
one of the eighth to twelfth aspects, ﬁ drivi n% ljggart fests an
meflivm of ithis igvention rangn grareforee 3FAT MY hﬁ%‘h gFtmenpreperty, man
directlon of [ gi | hndORDidt dudeuring to the -
X qu“étc%’f Vg sﬁggrt%%a% F‘I}g g%gﬂg{‘% Sﬁﬁgrt, reans for e
inflRMEE sidiRl IMghetice tepeabnitied atjacest pastermhpartragnet i ¢

recordi ng medjum and recgordi ng,.and. repro [ '

br 0358 5 Mk Ader AR S IRHBHTRRS AEh AR ) et 8 Ble present
iV SREOE b aLiallaNirPie Rt fromghe Hedctiption tebe given
m‘%ﬁg%‘gﬂﬂgb @%ﬁ#ﬁf@??ﬁvﬂﬁ%&“ on, in a magnetic recg??ji ng
herstbalow vathefdregefto thesccampanying drawiesi ¢ r ecor di ng

pattern subsequent to depositing a nmagnetic |ayer on a

nonmagneti ¢ substrate, enables provision of a magnetic

Br{'e?‘ﬂ%g.f}mﬁ,nl&%ématv&iaés;ensur.es retention of the
stabili'ty of

FIG. 1is a cross section showing the structure of a magnetic recording medium of

this invention.

FIG. 2 is an explanatory view showing the structure of a magnetic recording and
reproducing device of this invention.

FIG. 3 is a graph depicting the decrease of Co (002) or Co (110) peak in the X-ray

diffraction in consequence of the implantation of In atoms into a magnetic layer.

Best Mode for carrying out the Invention:
The present invention relates to a magnetic recording medium furnished on at least
one side of a nonmagnetic substrate with a magnetically separated magnetic recording

pattern, wherein a nonmagnetic part magnetically separating a magnetic recording pattern
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head fl oatation, possesses an excellent ability to
separate a nmagnetic recordi ng pattern, avoids
waamesidng to the influence of signal interfePENER2007/052446
bet ween the adjacent pattern parts and excels in a
hi gh recording density property. It further
contributes greatly to the er?hancemsnt of the
productivjty because it is capable, okgomttln the, d X
pesg i RROGECask B TBPHBANE BtomBiBA PERENy FeE onoslel inpdignte on the
Y]
noffBARRLE SubHEE, PLOER, L0k Ran O bl RuiE At oinetic recording
meditiy oﬁﬁnminvemtcmd irsmagnedicalby sxpactingn. ma'gmtlnrmgmdmg pattern part, no
b S PGB e Eref o Pl S R EAr samping
is IBYQRE] AljRACHTEntldnatihbihbd 88 plodBcRONet | c recor di ng
|umo this i1nvention and, therefore, excels in
headhe lterat 1‘m%rmtlo pesarding matternd o5 siseh insthi invenfiomeinbiaggs the so-

calgq%c@itﬁmr ﬁ dga ga\gxqg Ha%ﬁétﬁ;groag ‘Q;%I ;gagtg{ng raﬂ]rt g&?gﬁe giggﬁlte regularity

forb@chm tﬁénﬁleai@u R mAghdiRI ReddineSpatiEhe dibsvsed dikd tracks, and the
ot her objects, characteristic features and advantages

seryé signel Hﬁté@éraﬁweﬂventl on will becone apparent to those
ski Ll ed | h d
her éllhﬁ S eg)l%v \%v%&f %@(me:s] Egle X gﬁ%ﬁé’cf&gﬂé}gon‘%&a{éﬁ Ha¥fBic recording
pafidraVpargcularBr iadVanggonslptanwngobtheh patderasi aitgd : ablétfﬁ to 1the sso-called
a cross section showing the struycture of, a rra% d
diseretertyaP mpeRels [RFPEHng QI GRIRRT GRS MRERHCrep Qg tracks and servo
dgdeure of a magnetic '
Slgr%@; ﬁg?{ﬁ%ye b?gﬁa{{%ﬁfgﬁ% 61322\1/1?12‘% of this invention.
FI GTh3 mseramgr\a@hbej specificeily desveibed beloasky oiference @oRliscrete-type
ay diffraction in

K t he X-
maé&ﬁ%%‘ifé%rﬁdg lﬁ?e‘?t‘ﬁ’?:eag|aﬁﬁ§%fﬁ?1r§t| on of In atonms into a

MegResi ¢ illdisles tHREGbsMeBorfaP stredtite)of AGIiSvdte ViR magnetic recording -
I nvention: The present invention relates to a magnetic

medapo of thig inveutiom Aunpgnetie geqpnding medaym 38 C@,mft@reﬁ by, forming on
n@n t| Ce sub [
th 5 g% %Cer% %Inaﬁnﬁl gﬁbglf:}’g Bgra%%qgerg g&{ nga%h%tzcnag %fi‘cf & 1ntermed1ate
layeR@nathgdletiy 1503 Bdving aanmﬁeqoanerneformeﬂ tigreon, an unmagnetlzed
patternpart i s produced inplanting atons into
layign dnand; aprotepting Eae/sbé ipad alrﬁwr fapargen His WPRETRSh ﬁ‘ﬁ'&aﬁsﬁ lpbricating
ﬁl&%&t%&‘hﬁm 1ﬁﬁ&dz[tgh”9 to the nethod for producing the
. I C recor
For the purpose of heightening. the recording density, the magnetic layer 3

possessing a magnetic pattern prefers to have a magnetic part width W of 200 nm or less
and a nonmagnetic part width L of 100 nm or less. The track pitch P (= W + L), therefore,
is decreased to the fullest possible extent in the range of 300 nm or less with the object of
heightening the recordiﬂg density.

The nonmagnetic substrate 1 to be used for this invention may be any of such
nonmagnetic substrates, such as Al alloy substrates using an Al-Mg alloy having Al as a
main component and substrates formed of ordinary soda glass, aluminosilicate-based glass,
glass ceramics, silicon, titanium, ceramics and various kinds of resins. Among other
nonmagnetic substrates cited above, an Al alloy substrate, a glass substrate formed of glass

ceramic or a silicon substrate is preferably used. The average surface roughness (Ra) of the
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medi um of this invention, in magnetically separating a
magnetic recording pattern part, no step of physically
w@epangt’dng t he nmagnetic recordi ng pattern as ByI/ar2907/052446

etching or stanping is involved unlike a conventional
met hod of production. The term "magnetic recording
pattern” as used in this i nvénti on enbraces the

socal | ed patterned nedi a having nagneti ¢ recordin

subsaateds hanapr kepscproferablyi 815 105 lpssgandapartignip PEsferbly 0.1 nm or
bit, the nedia having nmagnetic recording patterns

lesgy; sposed |i ke tracks, and the servo signal patterns as )
el fThodgdhethd meaastic 1veB i ba fampd @sthetfesnagfaet of Hid yonmagnetic
separ ated magnetic recording p,atiern Faéti@%l ar . 1 .

substiutari ofsuelyshaity #s dgscobRGADIYL allpwed fa bryeilliss 90 if-glapg magnetic
sorcal | ed di - h G dj ' ndicular

recd i oaFiy TP ulal BaBR b IR 1 BRLIEG 8 UF% perpendicul
mapadtice Fgtdrding ltlieyegsfoefthe Q?Jirpmﬁielenf: geaﬁzingahnghamlmrde%g Thpgty. This
Invention w e spec cal .y .descri be ow_by.

e TeREinEdYer AT &b be (G S P BRSO SR L P TR Femgonert
as g4 'cerecghﬁih faybd Fo#Sisk 3 B%e fnDSlatd MEEndiRGet@ERlg medium,
structurée of a |sc%elye-type magneti'c recordi ng medi um

forafxatnbles magsilize astackedwigibire comsétiog of agonmagraticioMa under layer

onfigured. b ing on.the first surface of a
an&@ﬁqu@'ﬁ@npgc éaégl{tﬁﬂgfr%gﬁaéc 8% nagnetic Iayer and an
i nt gfgedhAefic! RYSHINg la§elMBEN8Ed i kiy perpdndievanmagnetic recording

magneti c pattern forned thereon, an unmagneti zed | ayer

medjurambyauifiizet e stathed staigawe thap sensisis oharbarlpgilaygr dpmpgdeof a soft

¢ et . . . |
aBPRLFRCH 5 CEGPBL FeCHPHRGIA, HOSBTTELEEHA0R the like), FeTa
allb® ‘(Pé"[tf’dmgFéi?Elei the m?sq de?dSl aﬂby (Ca¥efr, TqloNBe Laihgr aﬂlehhke), an
magneti C attern rerers 0 nave |1 C ar W §
orimoponbonbaiins MELBed of Fo e e B Sy Bk fi GfBuaty s
int%%&e;@#% ?ﬂem l63%eq oF I tf&f}ytﬁg@%e% gﬂ% 5 r]fagné/t\fcﬂa&érgformed of a 60Co-15Cr- -

I'S decrease st possi bl e extent
15PPalidyeorrTgn-5Cr- BEM-108i@y alloyss wi t h t he obj ect of

hei ghteni ng_ th di ng density. Th t]
Subskhecfhiskiless G the MEBREtLoieCTHE TAHTdR i B ShaY Beng A m o less
ang {gﬁ&&%ﬁlﬁ? Hﬁa&ﬂﬁ&iecan%lqgsﬁrﬁ glﬁ“ l@e%s. THE haggieth] redbdding layer needs only

strat'es using an - My oy having Al as a main . .
to berp dorexed arid psadvse sffisient beadstpeiand o iy cenfprmity with the kind

o nllggsﬁgt’ic %h(l;lyn]'[on S {Jéeidca%tdethg %t%glgedgsltﬁﬁtciire. The magnetic layer is required to

poséess a film thickness exceeding a certain degree with the object of obtaining an output

exceeding a prescribed degree during the course of regeneration On the other hand, the
film thickness must be set at an optimum because the various parameters that represent the
recording and reproducing property are generally degraded in accordance as the output is
increased. ~<

Generally, the magnetic recording layer is formed as a thin film by the sputtering
method.

The protecting film layer 5 is formed on the first surface of the magnetic recording
layer 3. For the protecting film layer, protecting film layer materials, such as carbonaceous
layers of carbon (C), hydrogenated carbon (HxC), carbon nitride (CN), amorphous carbon,
silicon carbide (SiC) or the like, and SiO2, Zr,0s, TiN or the like which are in popular use

are available. The protecting film layer may be formed of two or more component layers.
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gl ass ceramcs, silicon, titanium ceram cs and
various kinds of resins. Anong ot her nonmagnetic
waaspeEdes cited above, an Al all oy substrat ePCHIRPOGEE2446

substrate fornmed of glass ceramic or a silicon

substrate is preferably used. The average surface

roughness (Ra) of thesubst rdfe is 1 nmor | ess,

preferably 0.5 nmor less, and particularly preferably__ . .
0. IThenfiled tHidksess of th poakctingdilmalgsien 3 @qsﬁ%i/esgﬂ}aa {0cnm.” This is

forned on the firs ur f ac f the. '
becapadks disgnde Garvedute di Fin8 magd€i RIFIIIRN & targe as to prevent

acqfiisltOWESs ihghtb'c?ncﬁb\ltﬁﬁr si%k[hldl of RiffisientTagasity ¢f theclindihigkness of the
ayer or per pendi cul a

r _magneti.c recor,dig iﬂ%er,f it 4 by th
profectfiefitm layeb exceegre Hpamdi Generallyniigiupteeting g? s ighaee by the
for, the pyrpgse r { zing high recording density.
SPURLIRG Wﬁﬁﬁqato?g‘er%%rra‘?tﬁé&l ayer prefers to be formed of
an phd B6tdaE TimJayRS Brefers to kavepolnbritatingtieyardgrieed thereon. As
recording layer for use.n the in-p]a net i .
conceate exdmpjeseditheniubrisantethahs %S,edrgzy t}iﬁ ﬂ}%@g@% L*’tygfc (yprine-based
stryct.ure consi,sti ARG gelcitbdy @enerally,
b, 1o Rt e e PARTRARTES Shered anatnp itk Gencraly
the NAGRAHNAE layecigoing ihaykickhess ofit éo # nnt he per pendi cul ar

o £ Novislas mRthod R progsingyh partic e Ryl ARGfih.of tfs vention
wilﬁggs??%ﬁgﬁycgﬁé%%d BLLRY bf FEeRBCe 16 GoBkdeteFtgpd Atagnetic recording

or the like), FeTa alloy (FeTaN,
melRT0Ss ar extapld.i ke) or Co alloy (CoTaZr, CoZrNB, CoB or
the |ike), an orientation contrall] I )i
Pr e TRl g Pioaheing & ReBtee ol gk el & BBkl begin b
. ! ihsiRafe rTERHin@ Entidn, préfers texmrfotm thiackkasing and drying
cleh%%%é??%hﬁ%ﬁ%%uf?ormd ofma 6OCop-, 1SCr,-)mSPt al | %{1 a £1h
prigOEcfoftingla Bagnetiofilmdagser o theyee R SESTHE foffadherénce of the

magnetic recordi ayer | ; iANHerd8f NM or
Comgg%e“gmeﬁr g[?‘gfglgﬁgrft%goﬁersnngfne%g ?g}éégl'{nrgymigesﬁm or | ess.
The THRORGERton' IRBAr difnagmyerlayee @f FeGoBy an intermeginte layer of Ru, a

 mognclontey oroRa o SGr- L 10SHs Slevaag Ao EiHs BJE B epdh deposited

| 6f the tténg layer i
B
costed tvaihna £33t eed isi thinlet tocfouh jnegnetidfally iserdaraieed ghagRetis fespfding tracks
ang ’é;é% gigg& &{Pe&ﬁssfy{glgg ggquﬁ%g o aﬂ&ﬁh@% gn}aﬁlﬁq; fithe ‘gcééigng of the resist.

WHME bl a?@timglan?éa PR TR UIRGA MEtack 1S Weig chesion beam method, for
paranmeters that represent the recordjng and

examplep dbe iangmpraopenabledite aféaicibg| PaftsIEEFTARERE ibgtween the magnetic
regocr 1?1;; %&rc]:l%se anadsthg Iggrvg lélitgggltpaittﬁms.

jIn the present invention, the discrete track-type magnetic recording medium is
produced by causing a ‘nonmagnetic part aimed at magnetically separating the magnetic
recording tracks and the servo signal pattern parts to be formed by unmagnetizing a
magnetic layer deposited in advance by the implantation of atoms in the magnetic layer.
By producing the discrete track-type magnetic recording medium using this method, it is
made possible to degrade the coercive force and the remanent magnetization in the regions
intervening between the magnetic tracks to extremity and consequently eliminate the
phenomenon of blurring of letter during the course of magnetic recording and permit

provision of a magnetic recording medium of high surface recording density.
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i ncreased. Cenerally, the magnetic recording |layer is

formed as a thin filmby the sputtering nmethod. The
weeaveetrdng filmlayer 5 is formed on the firsSPCHIRADGHIES2446

of the magnetic recording layer 3. For the protecting

filmlayer, protecting fil mLfe\yer materials, such as

car bonaceous | ayers of carbof’ {C), hydrogenat ed car bon

carbon nitride (CN), anorphous carbon,

car 6?18@em(t® pyeset IBYRALIPR KenonapAgnSlicpart 2inkd @ W&Qe ?aﬁé’ﬁspafatmg

! r Y8t pisSis fofed by implantin
el g S LIR30 VGl Bl Bl by implanin
atoﬁﬁrmmﬂe% doaga&nﬁg Tingnétid layérhdepkisitesisin caﬂvattr:e ﬁﬁmbﬁ dewergng the Co

film]aye st b Iessthan
(oRher o Shceeebitsnath of R HestrUs erer AeteaRA LY 4B &1y diffaction
toyylz |-ig so large as to prevent acqui sition of input
(gl) output signals of sufficient intensity if the film
t hi Thee€s @02) heealor of dhe imagnetit nhayery spnstifites ds main nl?ﬁak in the

oSSR St W B S5 P ) Q0 I B

layEf | 'PPlé t%Mﬁ rCﬁOBQF}B&kSn tie geaadrtulay h{dgﬁ&id merl ﬁy@ﬁample refers to a
rmed thereon. concrete, exanpl es of g%lubrrc

peakithut originatesinf@e (qué appesring i fha glergayeﬁhoorl PLB O TE2 égggf&es in the
XI ugng ts, hydrocarbon-based |ubricants, and m xtures

i @F%y be cited. Cenerally, thelubrlcatlnglayer

i s BpprRmicing the thbeleeak-tgpe hagmetié racording weditire usipg itid method,

for producing the magnetic, recordi ng nedi umof t
e bl P gt ot b RS SRS piheiason in

regi (?I{S 151&?\9&11 mﬁob&v&hr? ?ﬁeeltrﬁ%ﬁe)ﬁe QRIS EktFen'h%ﬁ b eRALIY Bliminate

rocess for producing a magnetic
the plmnbdreﬂgn o€ Bluming sf tpetoe dadingy theegpunselyf magetw rligcoaqhdg and permit

g.a substrate.. This.invent refer orm
Droviten of SRR RPN P PE e SUrB ey e e ¢
fil By Bye inf ﬁfé”})?éﬂ@ntvirﬁ/%ﬂ"ta Honfia %_h&ticn alftaﬁfned at magnetlcally :
adherencé of the conponent fders he substrate does

sepmtmge@d magnetis trr:qoafdmg eacks ard thecsesvst sigmal; pattern, Bafs i§rformed by
1mp§9@pg gtgiqtﬁdn 0 et %Iﬁeé{c %S%F' d orsﬁgtfﬁgadvgﬁcé, me?éﬁﬁghﬂhg the magnetic

1ay%9gﬁoﬁfﬁbu§5Pt 10Si 2 alloy and a protecting |layer of
carbon deposited on the first surface of thjs h
subdheagreresyioar ‘angking the magnpeticsiayey ﬁrnaaéloa? pysed in the present
nAROHf | kﬁ’r IHBdSnce order to
infgBpfoselidon Y Pl BESEEH it R nb REAGHUADE che Tinco o
thé aggement of atoms of the magnetic layer. To be more specific, it refers to the state

in which microcrystalline grains falling short of 2 nm in diameter are randomly arranged.
In the case of confirming this state of arrangement of atoms, the state examined by the X-
ray diffraction or the electron diffraction is expected not to show any discernible peak
representing a crystal face but to show only a discernible hallow.

By producing the discrete track-type magnetic recording medium using this method,
it is made possible to degrade the coercive force and the remanent magnetization in the
regions intervening between the magnetic tracks to extremity and consequently eliminate
the phenomenon of blurring of letter during the course of magnetic recording and permit
provision of a magnetic recording medium of high surface recording density.

In the present invention, as the atoms to be implanted by using the ion beam method,

for example, preferably any one or more atoms selected from the group consisting of B, P,
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and servo signal patterns by the techni que of

phot ol i t hography via the coating of the resist. Wen
war@nm®9rre inplanted into the resultant surfaceChyP2007/052446

using the i on beam net hod, for exanple, the atons are

enabled to enter the parts ipfervening between the

magnetic recordi ng tracks and“the servo signal

patterns. In the present invention, the discrete

Si,tF, 26 L, (G e, Binnot, &Xe; 8ok GegMesand $, jmaorp psferably agy one or more

causin no neti c.par ' t) I
ot BB AR FrBhe B 7R, 3% D30, o amy one or more
atorisOSRdctaB froal theP@rfdup dodsiséng of 8idIhyGeynBindéretXe iand W, and most
magnetic | ayer deposited in advance bg/ t he . .
Prﬁfﬁpglarﬁlalfilﬁfnatems aronedi PWhee O @qras pigyispd fasythe implantation as
r' | > _ : .
oL B8 0 50 oy 8 s, O R
so Gegllatie thbatagoef aiagaetiztiore maydnevi@blyepasiehin the regions intervening

beiRgRERs BagTeNEACKLRIINT BN BORL AT Fgres. WI the O or N

atc?#e Bl FeuRhENATRAES, Ghe Robfciventored ié Helghkenddlinnhie regions

course of magnetic recording and permt provision
intefveainggtvedenche sagnaticrigackeand the ofritinggdf dats mgbe magnetic track parts

. regording density. Al inthe . i i -
is ﬁ\g%qggﬁ%gp@ﬁ F}E‘F .tlﬁlxgt?q{i%olg?of r%lgrﬁlﬁé foifg[r:]liie)/rl lg]e\églgh%g: ?Sr?gﬁ?lﬁcse nitride or
oxiBENEL infadnBEO (kN I ThitAS ke afslof fheseS&bie, Gilikeahe prhisarsad for the

~parts is tormed by inplanting atons into a. . .
imglantation dn rtha greserfnieventionajscincanaplesof wemagnetiging the magnetic layer,

t here I j h r . . .
e PGR b YRR L, LORLED AR SL R Bl M B Pl o masncti
laybr hfnogsHouen to 1/2 or less. The Co (002) peak of the

magnetic | ayer constitutes,a main (ﬁeaé’&i’.

. n the. .

per ﬂa\qcprgqgn anﬁg‘rg%p{qglup%sy‘rgP maggeti¢, cecppi %Tﬁgl% by driving tracks
. | 4in- . 1O . .
S A R T
beexanptie, traedserthert semoyingkthe hasisto pindjiradomring na @sotecti®) layer and

appearing.in e nei ghborhood of 2 q = 42.6 degrees in
th%rﬁ%ﬁek-apalgln&ar F’élﬁ"_cqtagf‘w%%;mﬁr oduci ng the discr e?e

t ra%gt YRSedTBEN&G R HiRfds @ PeipleRibnt! ﬂhél%hﬁl@nﬁatibﬁ of atoms into the

method, "it is nmade possible to degrade the coercive
mignetie layed tubsequenta te forming e piotestingnfilnh annhther mggnstis layer. The

i nterveni ng bet ween t he net i fxi ' .
adpfic S Bisianeay® ol oo ML i ARSI pibtecting film
su9§eqh_§t§ttt6 "théjﬁﬁﬂlmaﬁdfiﬁomms; expéditimgthetproceseobprodugioarad bringing

erm ro i i
sugh gieets gs gné{g?lllegg@?mtﬁggg%@ I@L;:pllru%}(lzlgé %Iorrllt%mqr?actliolrjlrgu?ifng the course of

production of a magnetic recording medium. Incidentally, the present invention allows,

even subsequent to the formation of the magnetic layer or even prior to the formation of the
protecting film, to implement the implantation of atoms and effect the formation of the
nonmagnetic part aimed at magnetically separating the magnetic recording tracks and the
servo signal pattern parts.

The implantation of Si atoms, for example, via the ion beam into the magnetic layer
is executed by using a commercially available ion implanter. This invention, in implanting
the atoms, contemplates directing the implantation of atoms to the neighborhood of the
central part in the direction of depth of the magnetic layer and enabling the atoms to be

distributed to a certain degree in the direction of depth of the magnetic layer. This
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Further, in the present invention, a nonmagnetic part
ai ned at magnetically separating the nagnetic
wo ewoneli7nyg tracks and the servo signal patter nPERIR2007/E52446
formed by inplanting atons into a nmagnetic | ayer
deposi ted i n advance, therebil rrakl ng the magnetic
| ayer anorphous. The express "maki ng the rmgnetl c

| ayer anorphous” as_used in t he resent in iy
invertiar does qiof Heed ’Fﬁa’amﬂdbﬁ dapthrof4mp wa@@mpgmwgad because the atoms
des 0 f
ared{ngipéa y flg’f fhe, n&) Qet? yer ﬂ{ef;&ﬁ %%ﬁgﬁg peC| g@ Nlettht part o

the' ﬁﬁ?leﬁctl@ydrh erlset dépihld‘ﬁ imdplantution cofotoms tiside¢ided gt almeper time in
falling, short of 2 nmin |anete§i1r ane Ian

conpegtigrywith the depid 0% agpallyoreprh the,ingp §‘?tg?t‘%“’ Sfepending on the
acc%[e%@@@%ﬁﬁ%@ g@ﬁerétfﬁﬂ%glthé {8 n%b%h?erexam ned by the Xray

rac n ~or ectron diffraction is expected
not Fhmherhimvthe fiyrneition ©f alplattqnpeb&equ@}ii te dherappligation of the resist as a

co%{ngé‘&s{sn%yagﬁa@% gtcs?a@?;ga(g}% g@igxii §%‘ga§a‘%{% tR(J: %Féelgée[r g\'\filnﬁ%roduced
sul%@%léﬁmd@lb RGbdteSorTRE Hﬁgnetlctlaye? aﬁa @ﬁerﬁﬁg &igﬂ fredstre on the stamper

ade the coercive force and the remanent
thatregnedvies and ccmnwxqs hehapesh mfm straclw are, &oreg B ithe Sisst; fsface of the

RS e TG LR PR SRHORS bl rmed by

usé@@a&@ﬂﬁ&@ttﬁ% rBﬁﬂ,rheUVCseftmgQésim ogtheritteper m t pr OVI SI on
of a magnetic recordi ng nmedi um of hi

h
r ecdvsdhagtanges fa he used intthe pmgenwhahgéw?#wabbé@f% a fine track
pa€ rr%l rﬁ%c?fﬁc pgzﬁé;fafglr; %galngﬁ d%%l' 9 michifodl SHRIdea8AbB%RA Mgtberaphy can be

ny one or nore atons sel ected
uséd. OTthd ﬂn@tegaloaﬂcthe stagipst ismequired By pBssSis, haFdnesy and duzability, capable of

o s S B0 B B b,

knﬁPBPhﬁJ ehgglsoiﬁ're%vaﬂa soS]ong Fas thé oﬁeéﬂ“ﬁeﬁlcﬁ{edadbhv@ lilesa@irsﬁed On the -
tons selected fromthe group consisting of Si3

stalmper Gpattean ofiserviXesignads, \Such g arburst ma’@ergr @bgryy ord pajtgrn and a

preslaReian o e ey e PRI Rb Rl el

Pri qhyriglthe eER6RINOE thel fagist, el rasistadn the sm"the ehrdl pagisofithe protecting
effect So small that the state of magneti zati on. na
layeneare tranbyedpewgg@t technigne suelissrdyi ¢i¢ P&e?ﬁa%"eo@tl\/\é@]ﬁmg or ion
he net i t tt
l’nlilll.%. rﬁggcg}s S’L@@ ?l% Egr%%ﬁge?n, ﬁh #gétéér\lleﬁslgg%\hﬁ’é aehlagne ic pattern
fotriddl Eietedhi d, parhef ﬂﬁqrrciemg‘ Iayeleanesal]mweghbs‘ﬂmdlm nBY rselectlng the
regions intervenin bet |c tracks atndt i d
relepent\gonditipgs, dff is qma gq§s1 agcflgr ﬁsa&[egnr? gcting layer an
Rig Ofattetr o inB@tiefeon.
S S i,
For the formation of the component layers of the magnetic recording medium

excepting the protectiné film layer 3, the RF sputtering method and the DC sputtering
method which are popularly used as means to deposit a coating are usable.

For the formation of the protecting film layer, the method of depositing a thin film
of Diamond Like Carbon by the method of P-CVD, for example, is popularly employed,
though not exclusively.

The structure of the magnetic recording and reproducing device of this invention is
shown in FIG. 2. The magnetic recording and reproducing device of this invention

comprises the magnetic recording medium 30 of this invention, a medium-driving part 26
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oxi di ze the magnetic layer. That is, the use of these
atons, unlike the atons used for the inplantation in
wo b@7pp9E8Ent i nvention, is incapable of unmagneCT/I2007/052446
the magnetic | ayer, degrading the Co (002) or Co (110)
peak of the magnetic |ayer 0{ renderi ng the magnetic
| ayer anor phous. The present 1hvention produces the
magnetic recordi ng medi um by driving tracks igo a . .
forhiyiveg the medpem, infthe diragjican cv%g%ﬂmg, pdnagnetc head 4hsansisting of a
copformty,with I st.a . t
rech g, PG bhd rrubRfing gaty EER-BRHE Pl Bt ik Spg Ron to the
magfdict heddeas trelatidPpd Yhe thagndtichrdconting asediuns Gét amdya fEherding and
present invention prefers to inplement the _
regengyhang algh@lnSYéfeﬂhtzg HCQTRPIZURS, éh%ﬁri’efer"@rﬂl%%/ apd regenerating signal
subsequen ry i ' :
PR e diple s Pl T g midenBliO Reld'97 and segenerate an
outipt Sipdl Sdnd the Megresicdrad Y. oThé combingtisthef thest ewnpangnts enables
il msubsequent to the inplLantatian of .ato . .
CoRSiguEHIO 01 THARELF HREEEUNG A< RATESSS BB MEer B R sl By havin
the FdDFdisE acfacﬁ@ NGk NGa P UekbMidey nashili fibjEcedl ft0 a magnetically
contammation during the course of production of a .
disoaginebirs proeessing) itcis meaiietpossiblecior dret reigeneratingehqsd candrthe recording

e e ABERIA) Hy BPSTHY T R g SgieeS (bF R s Bivig the

redel&rafRh@hfld fhlfel WidthtRan tHDtRORIAg hétd ih Dpiaptwith 1he elifination of
atons and effect the formation of the nonmagnetic

theainflmencat ofithe) maghetidation drapsitien regiensd the diael pdse partspl?ars tprevailed ,
. ' t k d the.. i . g
T 5P RS heg e A L Sl RSO v an i

SNreaminto the magnetic | ayer is executed by using a
commercially available ion inplanter. This |nveption,
' [Egpiaer Havins dhe regeRcraish PR SH dhe Saghrik: hefd red of a GMR
| | 940 - ' f stkenBth t a high -
vkt Aok B4, RO QbR AR RIS Sl sy cvcn o o i
redoadifig denvityemdbhitedplizhe mignetic recobdinglidevicé bossessinge high recording

et hT S il b S B s BBl U8 it rae o
06@%8%%2@%@?}?&. anhaklitRle RifallbcthhRkber, RE§ ansie possible to enhance

atons are | anted into the rmgnetlcfayer W th the
thobitput, acquiterarbighalevize SO ad provilgaamagnatic regording device of a large

magnetic. | ayer...The depth of i.npl. tiQn. of. ato ' ;
cady it e AElitir B hShrRoreifR af the ofBiliof £ Gt processing
cirk@it WpeRtéd By | the reaehach bikelitvedi daebdingainbibod, itejsemddagossible to

on the accel erated vol tage gener.ated by, tq)e N Oc{]
enhanske dficther, the recording density. A sufficient SNK is obtained, for example, even

when a recording and reproducing operation is performed at a track density of 100 k
tacks/inch or more, a linear recording density of 1000 k bits/inch or more and a recording

density of 100 G bits per square inch or more.

Comparative Example 1:

A vacuum chamber in which an HD-oriented glass substrate was set was evacuated
in advance to a vacuum of 1.0 x 10°Pa or less. The glass substrate used herein had as the
material thereof a glass ceramic that was composed of LizSi20s, ALO3-K20, Al,03-K,0,
MgO-P,0s and Sb,05-ZnO. It measured 65 mm in outside diameter and 20 mm in inside

diameter and had an average surface roughness (Ra) of 2 A.
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Further, in the formation of a pattern subsequent to

the application of the resist as a coating, it is by
w@bk@ciosgon stanper in direct contact with the PCT/JP2007/052446

protecting film produced subsequent to the substrate

or the magnetic |ayer and exggti ng hi gh pressure on

t he stanper that concaves ant” convexes shaped into

tracks are formed on the first surface of the i

pr oDactherglagsaspbstratgnas Sz flpwes depastied @8 3 REp-emboss layer in-a

.Gonve : r \My: 4 thgndise of a
thl@%@ﬁn@?timngprﬁse@é%dgﬁm% ?iﬁ'ﬁ1§h¥55| n %&? the liKke.

As Neet, ahampeint was ingpansd dyiusinghestpmperesfii priepared & advance. The

obtained by formng a fine .track patter a allic
stapgpat s MEgPaEsta A 60’ §ype, Wi 56k oftch o8P o babferdoves were
invlafizlﬂg%ﬁﬁ)éaydin%a& Rad; éq]toTibemﬂ.atIﬁE glﬁgriﬂtf \gﬂ‘ﬁ'oaﬁéﬂﬁﬁh a relevant

I's required to Boss ss hardness an urability capabl e
stambesM t hst andi ng the i npact of process. Wile N, for

Xl e, B SOE RTINS kb i e o
parfRPYIR 570,38 ek HasGe8motdd by heSdtiTRE o aRRpihCeBiRY tifRtiubSrate, with

signal s, 'such as a burst” pattern, a gray cord pattern
thearegult theleanpitterp aft conpavea randf epnvissies cenfgeminghto theaerucaves and

for recordi ng ordinar at a. ' e he
ooz FEn b Puech bR ep Rty ik Al e TR ract

pr oieC thd Jirkta ¥@ifacer of rtheos®stratsi agseht tragdietiquiyers o€ FeCoB, an
_as dry etching, reactive ion etching_or ign m'IIiné.
intermegdiste dayee 9f Riband B magnetia daverof anh20Gerdfind PRE-1Q})@e alloy were

A . r I, .
sobf 69 8, PRORRU P hRGR IR TBHABGC, M DR°C @) ad o
flusthebised qubirivating it avere fothet stackes, byi the IPsCREXmethod sieghentially in

to effect renoval as far as the protecting |ayer and
thegrdermeionedt ence of only the magnetic | ayer having a

pat §E Fe BB RR &@{eﬁte hﬁ‘agef: R4d 5 BEmftRicRRdsk @F 600 AL BRe Ru intermediate -

conmponent | ayers "of magneti c recordi ng nmedi um
layex t@pAj tip mamnefic ttyec 15, and vhe|CGi(oarbop) praiectirg film layer an average

tteri t.hod the DC tteri t '
or 1061 S, DBl AT 3 RenPRL JUR o emboss
protedimeof Corpdrievd Bxammile on of the protecting film
| ayer, the nmethod of depositing a thin filmof D anond

Li ke Carbon by the nethod of P-CVD, for exanple, is

opul. ar | |oyed, though not exclusively. The
Coﬁpﬁﬂa&{vﬁﬁé‘ag’ﬁﬁﬁe magnetic recordi ng and reproduci ng

devixeadlint dtasbenirewhich aniHD-ohiented ighask kihstrate Wireset was evacuated

i e duci : , .
in g%(%% Ipq(;ﬁ gggu?lgn <I)fn Ig 0 z;I;nl 'srP%pgrcies%.C '"The g e%\élsﬁl?st&{e lgsréld Serein had as the

material thereof a glass ceramic that was composed of LizSi,0s, ALO3-K20, Al,03-K,0,

MgO-P,0s and Sby03-Zn0. It measured 65 mm in outside diameter and 20 mm in inside
diameter and had an avérage surface roughness (Ra) of 2 A.

On the glass substrate, a soft magnetic layer of FeCoB, an intermediate layer of Ru,
and a magnetic layer of a 70Co-5Cr-15Pt-10Si0;, alloy were stacked by the DC spluttering
method and a protecting film layer of C (carbon) and a fluorine-based lubricating film were
further stacked by the P-CVD method, sequentially in the order mentioned. The FeCoB
soft magnetic layer had a film thickness of 600 A, the Ru intermediate layer 100 A, the
magnetic layer 150 A and the C (carbon) protecting film layer an average of 4 nm

respectively. Thereafter, a magnetic pattern was formed by a magnetic layer processing
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conprises the magnetic recording medium 30 of this

i nvention, a nediumdriving part 26for driving the
wored7iom7dn t he direction of recordi ng, a magnePCTIIOGIAS2446

27 consisting of a recording part and a regenerating

part, a head-driving part 23 for inparting notion to

the magnetic head 27 relatfl 8-to the magneti c

recordi ng nedium 30 and a recording and reg%{;erau ng}ﬁ ‘
treathiegnalSpesificatiy, ageslstoafragbcramsn@lngﬁe% s appliedbayt feptigdo form

congevi BHLPOTARG HrBHRENIG: VI ABREIIL RATAE B8 iR Ber in the

con&%%‘g?‘z{rtasbvgﬁ ‘”i‘lsmfﬁré@l”b? hen NBNgS i€ theadoRitn chhmber, and carbon was

tion of these conponents g‘gabl es conf| urathqlth ¢
depadited withgthe object @mtmdd@gdh_q,pqg‘éo é@ggptﬁ'g apﬁ:rgﬁom which the resis

ecor dl densi t r k £ carbon 4
D o L e L
nm TRABRkhER! Wis dessrasd IH?UQBSP-NI\GD emenhn@ toi mnplem‘mid@phcatlon of a
possi ble for the regener wﬂbt he rec di gmetchm
lubrieatilg traateréal o ﬂ&xearp@ﬁtanhs M?? TWERRS OWiPe &
Lae Rract| v ﬂceﬂtosz[f%duﬁfn of 1 x
i P ASE B A eSSt
107ePd ghd lri @19 veds 1hhedmdeﬂlmmrthe chﬁmb&tretllirragnglual zg;@qsgqqa of 5 Pa. The

transition re s of the

samplesa e HaRFENES PoTTINE OR SERHET o SAL BB ip ol This sample
[ﬁ&%hﬁ) f Quopstic RIper ohesgiﬁl S omparative

Wasggroﬁﬁgéﬁh avi gljétsﬁgﬁﬁggaedncgr%atl ng part@ o?the ®
Exemgeetl C head formed of a GVR head or a TMR head, it

is m ossj,bl e to obtain I

o & R P IAge e T ABe B SR PR (B9 0 Fcrial o
em% | oSN RS TS Psént Rhaple Si®y dangsede Bl technique of

y enabling the anount of floatatlon of this magnetic
spuheangwasﬂwdlfOTﬂleméoﬂi%’g‘éﬂB? im005 nmto 0.020 mm

i.e. a magnitude smaller than ever, it is nade

possi bl e to enhance the out put, ,acquire a hi gh device
Exaﬁhﬁegm@ogﬁow de a magnetic recordl ng device of a large

ty_and_hi gh reljabil .
ﬁgﬁgfn{néayrlyﬁ% Gorspajaave Rrgule 2) At Shisap ayidef iy HiForiented
glaﬁ E@ € SH & éﬁ@?ﬂecﬂﬁl‘:&g’hﬁ& R ViRGumidf 1iex medea or less. The

0 enhance further the recording density
glagdl §1fbsﬁb.1§éﬁised5hl&ehﬁhanbﬁsaﬁha ahterfad rth@mfrqgglgss @ey:gnlcvgh@tnw%s composed

of {Is;%);éjsld 2%56%-% éf ‘F\/{gfg by %8& p%r %g)r | frl%ﬁigéafsgfepe& Hman outside
dla'hfe‘fé}ragﬂ 39 RS EﬂsYde‘Hlarﬁ&@padﬂ Hadtas/ dveﬁge Qlﬁrfatmrreugmdsse(Ra) of 2 A

recording density of 100 G bits per uare i.nch £
nor €n tGogless sutisttateEr aof magnetic layer of Fe oB, an 1ntermed1ate layer of Ru

and a magnetic layer of an 70Co-5Cr-15Pt-108i0; alloy were stacked by the DC
splutteﬁng method and a protecting film layer of C (carbon) and a fluorine-based
lubricating film were fﬁrther stacked by the P-CVD method, sequentially in the order
mentioned. The FeCoB soft magnetic layer had a film thickness of 600 A, the Ru
intermediate layer 100 A, the magnetic layer 150 A and the C (carbon) protecting film
layer an average of 4 nm respectively. Thereafter, a magnetic pattern was formed by a
magnetic layer processing treatment. Specifically, a magnetic recording medium was
produced by applying a resist of a thermosetting resin as a coating and forming concaves
and convexes in conformity with a prescribed pattern, subsequently forming a magnetic

pattern designed in conformity with the distance between the tracks in the magnetic layer
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A vacuum chanber in which an HD-oriented gl ass
substrate was set was evacuated in advance to a vacuum
w@boorodi7s2 10' 5Pa or | ess. The gl ass substrat e PGEIP2007/052446
herein had as the nmaterial thereof a glass ceramc
that was conposed of Li2Si Al 2Ca- K20, Al 2GB- K20,
MyO- P20 and Sb20s-ZnQO. |t neasured 65 nmmin outside
dianeter and 20 nmin inside dianeter and haij
by eesiag erefeieblycthe raiomgh ol $ay (q2§) OTgore legentsyie @Fegsf%"m the group
r ; [ e r
T T e e
atoRE ¢l toas ion @dﬁébﬁﬂ]{lts seldetet] fromm thengroum tonsésging mﬁ& Pe8i, F, N, H
usi ng a stanper of Ni
ang Lyt St AU G TGS FTIERS S Rghe Broppmsistng of S
In, Q'.‘ré %1 %[’ %9 Ond' W, ahl Gkt %%fﬁﬁ NRhe atodkesfl SIUrKif tereedtivien into the
justed to 20 hé inprint was produced
ma\gnéth: hymelb;eﬂmnbn SeampeethodSuemeviog ihe esist ped Heqrotegjng film, then

e S B PR SR g b B s

co&ﬁig iSRRI D B Red shiSE Ry wird fabtleg Examplds 14026, @ncidentally,
tern of concaves and convexes conformng to t

pa
the oo, amzh 89 nhme@umsrcpfemiyntaw bvaﬁﬁebeamn$ Sheragpelerated
vogﬁﬁeﬁ 4B cgllg% u;ég c{ W%% gy?l?&&ﬂatlr? T aﬁ% f rb%lofv} lethe conditions

a So netrc |ayer
coff&ﬁﬂﬁg tBé) ahi&lﬁf BEdinQIaﬁtdtlau by v E%hanamdd ahﬁmgcm‘enamd voltage were

ayer of an 70Co-5Cr-1 5Pt-10Si O2, al |
reqyjred fie bosstdn a@r{aﬁl@ bY]@ PF@WHBW&I??H“&%EW& ‘ﬁa EPa(ﬁﬁf) or CO (110)
pe?lg%/t%n\%g{ efcﬁh er AL ége %ﬁﬁé‘&rﬂ eb@?@ddlkﬂ’g&lbﬁ s Réuired to be

1/3 eflless) foedsaynple) thé élfﬁmcrzlmn pwlnbf thwerdagnﬁne 1@@0@@ trothe 1mp1antat10n
had a filmthi

A N RUEATE -
%ﬂq lﬁlg‘?e[g‘egéh?sr 3@ @iat@ﬁpflﬁ%égﬁgtlé \dyer haufled Pphiopwethrdmptintation of -

nmrespectively. This sanple was produced as an
atemanilse, die ¢dnditpmes chrcunmagn@mg éhfp maeaelis lagerognd the conditions for

e SRRBR T o L Raf s s by

de%#ﬁﬁfaﬁ@h of Eﬁﬁfraﬁﬁ&l, elvedayainithtion of dleaftone diffractionans theike.
.0 x 10'5Pa or |less. The gl ass substrate used
herel n had as the nmaterial thereof a glass ceramc

Ol RGOSl Li 25 G5, Al20s-K20 Al 20a-K20

Magnetic recording media were produced under the same conditions as in Example

1, excepting N and O atoms were used for ion implantation.

Comparative Examples 5 to 7:
Magnetic recording media were produced under the same conditions as in Example
1, provided that Si atoms were used for ion implantation and the amounts of implantation

and the accelerated voltages used herein were lower than those of Examples 1 and 2.

Comparative Example 8:
A magnetic recording medium was produced under the same conditions as in

Example 1, provided that no ion implantation was effected. It was an ordinary magnetic
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MyO- P2G6 and Sb2q 3-ZnO It neasured 65 mmin outside

di anmeter and 20 nmin inside dianeter and had an
war@ragsosur f ace roughness (Ra) of 2 A On t heP@i/a907/052446

substrate, a soft magnetic |layer of FeCoB, an

internmedi ate | ayer of Ru, aq%ﬁa magnetic | ayer of a

70Co-5Cr - 15Pt - 10Si O 2 al | oy 3re stacked by the DC

spluttering nethod and a protecting filmlayer of C
recqrdmpbmagiuan thas resulied] lembimplentingn PRt inkRy af MpgAshiS, layer already

further stacked .by the P- . i - .
deppHisdgh aepo it e eea S e B DA fronRMERIALY yhfingoized
a fifdRabipiésiorasanlestioR 26, andrConiparativeckxapdilext btd &iyere evaluated
100 A, the magnetic layer 150 A and.the C (carbon) .
for pelottennagnetic | domversipar PEPCRY eMiBe2 0P FHAR esg‘éc'?‘f" vEf3pation, a
per%c@?a{rgree{:%w%gnﬁ&ﬁe%g A E§ Rc¥Ritng @hdRATAVMRAhead was used for

_ processi ngtreatnent.” Specifically, a
readifg] Tthe @hmplek hefrerpemidingg sigml of s kB Iwesel testedzfor SNR and 3T-

coating to form concaves, an i '
squaplth lavps EQREABRIHY HRUPL At 1 S )ﬁg’?if’la‘r"]‘f‘g?@enﬁpﬁﬁn 2nyere greatly
imp%ﬁg?(@\e{nﬁ{ ﬁéﬁ% i SHETRVEIR B¥d BPLkqlhshl bi& thé sdnfistes/sfTomparative

_ on was deposited with the object of
Exatipled ditod. t heis pafetred fthatrbis impneement sgulied frgm stehiliging the head

ot S T G0 PR 855 i o
ﬂo%tQii@kﬂﬁsﬁnﬁ@Sfr&ﬁ I%_ﬁi'ple@éi?r R miiMEing the/Aate®f e nétization of the regions

npl'ement application of a lubricating material. The .
betwesn teambgretic firacks. Was asteims of hegcanfirmaiers o %heﬁ%w paggHies, such

t.chi The .s | e PRt -

o S TG B BRI 3 o

disgﬁits‘éﬂa)ﬁrdtia?fg[dlgﬁéd{?aﬁém trhcldcschﬁﬁberndﬁmdgnatiqaaxarti and as well, in
re o , ra, e sanpl, f .

et o 5 B AP i

cor?ﬁrgﬁretg? In}:ve\t%ﬁetpcr ;? Cﬁaﬁe@ﬂ]ﬁagn& sGo¥e bliBed O Gha 2Eti<|: &]ayer part -

ayer proc 0 nparati ve Exanple 2.
ther&T 16 bhEodhibgwith acesist pattemon tregrescribedreonsayedonygsshaped

as the material f nbeddi ng.
£ he Al Samplesamat ahe SepminaH o fe R SRAAR dthefon property
: N . .
OSEH i F el o Cpmpf oot ks o) 1 e
rowghnessthynthe hiaerbf an iAFMA| e renmagnesic wistsaeypredyced in the Examples
upstrate wa t ]
B T

roﬁgaﬁleésrmla?ﬂl A5istAlFiI@bL10 g WhEar KFM ngldedy Digitalninstruments Corp.
that was” conposed .
The evaluation used a resolution of 256 x 256 tapping mode and a sweep rate of 1

um/second. The results of the evaluation are shown in Table 1 below. The samples of
Examples 1 to 26 showed markedly low magnitudes of surface roughness as compared
with the samples of Cofnparative Examples 1 and 2. It is inferred that this improvement
resulted in stabilizing the head floatation.

The samples of Examples 1 to 26 and Comparative Examples 1 to 8 were evaluated
for glide avalanche. The evaluation was performed in a device made by Sony/Tektronix
Corp. and sold under the product code of “DS4100” by the use of a 50% slider head made
by Gliderite Hardware Co. The results of the evaluation are shown in Table 1 below. It is
clear that Examples 1 to 26 excelled Comparative Examples 1 and 2 in head-floating

property because of low glide avalanche.
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Table 1-1

2 A On the glass substrate, a soft nmagnetic |ayer of
FeCoB, an internmedi ate |ayer of Ru and a magnetic

| ayer of an 70Co-5Cr-| 5Pt-10Si O all oy were stacked by
the DC spluttering nethod and a protecting filmlayer
of C (carbon) and a fluoringgbased |ubricating film
were further stacked by the P-CVD nethod, sequentially
in the order nentioned. The FeCoB soft nagnetic |ayer
had a filmthickness of 600 A the Ru intermnedi ate

| ayer 100 A, the mmgnetic layer 150 A and the C
(carbon) protecting filmlayer an average of 4 nm
respectively. Thereafter, a nagnetic pattern was
formed by a magnetic |ayer processing treatnent.
Specifically, a nmagnetic recordi ng nmedi um was produced
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[~ =7
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Beglt ed friom|the group cons|stjng of| Si|, I|n, |Ge| |B
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eam netlhpd, | fejmpvi ng thefrepi st and [thg prot¢cting
el oldlaps £ o Ll glngla pf obpCh ngl Idyar] i) & wlelmlslnln
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Table 1-I1

a solid line represents the state of the magnetic
| ayer assuned prior to the inplantation of atons.

| ayer and the conditions for rendering the magnetic

| ayer anorphous were required to be set in advance by -
the determ nation of X-ray diffraction, the
determination of electron diffraction or the |ike.
Conpar ati ve Exanples 3 and 40 Magnetic recordi ng nedi a
wer e produced under the sane conditions as in Exanple
1, excepting N and O atons were used for ion

i npl antation. Conparative Exanples 5 to 7: Magnetic
recordi ng nmedi a were produced under the sane
conditions as in Exanple 1, provided that Si atons
were used for ion inplantation and the anounts of

ITTgfmﬂ tiromn t he accel erated vol tages used herein
VE‘;EIéaFﬂ t hgn| tihose of Exanples 1 and 2. Conparative
B2l ¢ 8] |A wabretic recordi ng medi um was produced
L%cﬁgo A qg S2pgecqnditions as in Exanple 1, provided
tE"EnD o 4 np gntation was effected. It was an
Qr'e dlary] negndt [ drecordi ng nedi umthat resulted from
il -aint i Ing ans {into a magnetic | ayer already
deposi ted| gs|d pqating and keeping the nagnetic |ayer
fl Egwbei|ng (parft| al |y unmagnetized. The sanpl es of
. Ean®l es L |tp|2p fand Conparative Exanples 1 to 8 were
é%ﬂ@me&gﬁﬁgﬁcnommnaiccmwemﬂonpnmemy\Mth
&= $P (N stgdd I n|the eval uation, a perpendicular
@¢goed{ ng| Hepd was used for recording and a TuMR head
yas diflsed far|repdi ng. The sanples, after recording a
signal | qf [ 45P1KF¢l, were tested for SNR and 3Tsquash.
I.gg sigangspugntly found that the sanples of Exanples
15 55| 265 | werlevgPeat |y i nproved in RWproperties, such
as <SNR| gnd |3[T{sguash, over the sanpl es of Conparative
Exangl eq Litp (8. |It is inferred that this inprovenent
I esul gasgrgigrg Sftzbilizing the head floatation property
and dopsefuent|lly |enabling RWto proceed at a
presqr| Bed [heifghf of floatation and further from
(Eo@égth@g\\.gwiﬂkﬂati ng the state of magnetization of
i hg Tep|osS e ®een t he magnetic tracks. On account of
h® gonflirmatilonjof the RWproperties, such as SNR and
‘ET% aaééﬁajgtm ves al so confirned that the sanples of
Ex By e Ho| P8l | owed di sti nct separation of the
%gjaceht tqab%s wﬁth a nonmagnetic part and as well,
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consequence of the ion inplantation with the ion beam

enabl ed a nagnetic pattern conprising magnetic parts
waew7eeroagnetic parts to be formed in the magPer/iR2007/052446

| ayer part thereof in conformty with a resist pattern

in the prescribed concavoconvex shape. After

conpl etion of the determ nation of the el ectronagnetic

conversion property, the sanples of Exanples 1 to 26

and Conparative Exanples 1 1218 were tested for

surface roughness by the use of an AFM The

NONMRMAGph GsohUISHaRpRS 1P100SB/GRE CondabhRivEBARPRS 138% has made it

the Conparative Exanples for use in a vertica
cleay ethafr tiisn invieptdny nnwbéqSecwama@tt expdagionr of) ghdnecggte( mac)mmn exhibiting
Suff?Cnst urrensﬁjgg%om%" he Q@/ﬁodﬂgﬁg StA\E g/l e%%g%}ogg% Paty otﬁ 6‘?°hmque of
unn@5hetiziPpRbe tnagmtngaym dee t@rion imsluegon AALis @feadfrom this comparison of

results of the evaluation ar? shown in

d
the H3hF1es S PP B, s Bleg RO REGHIRIAD 5 1 enienetitac lower the

sulrﬁ@r o8 8hnésd PWhEREREL pHASiBleUktent! %xﬁﬁﬁltés%'lgl%%%ntéﬁctor for the sake of
npared with the sanpl es of Conparative Exa 1

Stabdﬁalgzche head;flpatatipar Thig inveation priefers tofbospsfregitoug Rw 02<Ra<
<l at s _of

2 it Hek 52 U 0 ) R MIP SRR gl sres v on

effeetinal medrediof cepayitingepaiteaied ninenagidie mdahﬂgﬁetmrﬂayms and further for

erfornmed in a.devi.ce nade .by Sony/ Tek ronl Car p,. and
pro g X ] RGeS S dher Ssbtbicngy (e slscit method.
a 50% slider head nmade by Qiderite Fbrdmare Co. The
sults _of the evaluation are shown in Table 1 bel ow.
IanFmrépﬁh%%ﬂﬂYhat Exanples 1 to 26 excelled Conparative
Ex | §2
on B abie AR b Jheli PRl RGN, s NGRLSRedlin of the
stabiity ox hepsl Beatatiany pReEsesses Ian@quimntaabﬂaty Exsmafaeas almdgnefic recording
hat. this :
pasl AR St Bl ch Rtk o6 I b s TR i iy iy ot
parts ahd Ie&bﬁﬂtﬂl)a h(g\hl &Ud&lfdﬁigedé’r@iﬂﬂ 6sestyan ChiveRAel CihBpresent invention
hable tation t he technlgue of
conty Wﬁb%fé’f‘ &ﬁor? W&g%?ﬁ/tée Produstvify @f g gesie recording media.
i mpl antati on. As is clear fromthis conparison of the
Exanpl es and the Conparative Exanples, the production
so inplenented as to | ower the surface roughness to
the fullest possible extent constitutes an inportant
factor for the sake of stabilizing the head
floatation. This invention prefers to fix surface
roughness Ra at 0.2 < Ra < 2 nmand nore favorably at
0.2 <Ra < 1.5 nm It is evident that this invention
serves as an




effective neans for separating patterned nonmagnetic

and magnetic |ayers and further for producing a
w@adoresyter medi um ai med at still higher recor dpeyIP2007/052446

density than the discrete nmethod. Industrial

Applicability: It is possible to provide a nmagnetic

recordi ng nediumthat ensures retention of the

stability of head floatation, possesses an excell ent

ability to separate a magnetpz-recording pattern,

avoi ds succunbing to the influence of signal

interference between the agLADgRt pattern parts and

excels in a high recording density property.

Therefore, the present invention contributes greatly

to t he enhaRrARR - DI : it C s

recordi ng nedi anf.% CELI}K?EI\?I% ﬁﬁoﬁoﬁ%ﬁﬁ%\%ﬁ‘ec@ dé%?%glhl& Tomprisms the
stepsf ofadgpasgjtieg iacmagnstic diyey anedi leastcoweprides bfig ddnenaghetjessubktrate and

osi.ting i c_layer.on at |east one side of a .
parfi Rl ARSI Ema R 1581 B e e g Dashetc layer,
therieby fortringy nm@mRnbiic bayseind DnRghdticaktotdb PaaaR hieti@fly separated
b tga netic I.aﬁ/er, t hereby form ng nonnagnetic parts and
y eﬁ%ﬂ@“?@ qor di ng pattern magnetical ly separated by

t he nonmagnetic parts. 2. A nmethod for the production

of a magnetic recording medi um conprising the steps of
depbosi t igethoddor thet rapdrictign wfig meagneti¢ segerdingnmadiumeastprising the

i.0e;: net j ¢ bstrate d parti al l .

L RN N, TR N T —

suthmtqaamd pahi’tihljlyb mn;fxlnm atoms tihe ﬁ@-@ﬁdrﬂéiﬁin@gnfg@ﬁﬁ@ﬂdy@r to partially

ayer e .armi ng nonnagnetic, parts and a i -

st he ?&c&%@g hngtic, Ry n*%?ﬁeéfgfafpvn@% pPepEegRptiyparts and a

magnBic RRGIBGNREMH ﬂﬁ%]ﬂeﬁceﬁ@dsebﬁﬂ%ﬂ 'b?ghézﬁorﬁﬁ)a%%):ti@ﬁargoand lowering Co
gt of” the

110% peak stren of a relevan @{?art € .
(00Boprcbn i Bitinsak waenesh of a ralpwant apartoielt erforeentsiping eagnetic layer as
deteﬁhfn@blb?!ﬂfef}f@&diﬁfhc}ign%1%’2%? 1SS 3. A nethod for the ‘
production of" a magnetic recordi ng nmedi um conpri si ng
the steps of depositing a nmagnetic |ayer on at | east

ong sidg of ,a.non netic supstrate.and parti al.l ..

"ot ant P Pa e R A oh iR atsguStepering i pmprising the
stepsl roffedgpeyitingpea tinshe et onlaYedst ohd |idRbyf E%H?nﬁgwtic substrate and

1rz}ﬂnrm%etl c parts and a magnetic recording pattern '
partiziy HEP RIS Ajoras ke Hedepenstic Myerie parigHe pnmagnetize the mhgnetic layer,
ther 88 8B hoBriaEhéit 3 % Gnetically

anor phogs: 4. gA lrreq{a?%% gtgcxgé%#ﬂg r%@é&g}? b%#ég %‘rfagg?tgzﬁlr%% separated
by the nenn@gnetisaans and teadermgraelevait ipyrt o€ femadgoactiniagerettiozphous.

recordi ng pattern conprises nmagnhetic recordi ng tracks

and servo signal

4, A method according to any one of claims 1 to 3, wherein the magnetically

)

x

)

separated magnetic recording pattern comprises magnetic recording tracks and servo signal

patterns,

5. A method according to any one of claims 1 to 4, wherein the atoms to be
implanted are atoms of any one element selected magnetically from the group consisting of B,
P, Si, F, N, H, C, In, Bj, Kr, Ar, Xe, W, As, Ge, Mo and Sn.



patterns. 5. A nmethod according to any one of clainms 1

to 4, wherein the atons to be inplanted are atons of
w@e709e0E] enent sel ect ed magnetical ly from t heCTIRRO®7/052446

consisting of B, P, Si, F, NN H C 1In, Bi Kr, Ar, Xe,

W As, Ge, M and Sn.6. A nethod according to any one °

of clains 1 to 4, wherein the atons to be inplanted

are Kr or Si atons. 7. A nethod according to any one

of clains 1 to 6, further co2f+ising the step of

formng a protecting filmlayer on the magnetic | ayer,

whiech stéemetisod adcerdifietongy bhe of cREmOM {0 WhAdrkMOthE oms to be

. at . 8. magnetic recordi ng medi um conprising a
lmpm&gﬂ)ﬁs@ﬁ‘g@%rate, a magnetic |ayer deposited on

at 7 eastA #Bfod a8 reihg 14 Eny MY BFERENS § 1540 i

atons partially inpl %nt ec?ni nto the rn:}gn’etﬁfr{:h%t %@é}%tmg the step of
forming i paptegtingnfay aet o thetmeagnagn byer whagtestep ishtekerblyefore the step of
implafil3 4 ofpRgnetic parts and a magnetic recording

attern nmagnetically separated by the nonmagnetic

parts. 9. A magnetic recordi ng nedium conprising a

no rragnggli_nc sgil[c;)st rat.e, a. Cocontajning magnetic |ayer )

defosi t SHE IP0sUEeS BIRAIVE] PENRSISIG NSRS et IDRTate, a magnetic
layeB deyskitett 6h 2116hsBO R AP the Abrdn¥achdi RBEEAe hil Rotal) Bartilly implanted
. _magnetic |ayer to partially unmagnetize the magnetic
nto| thgemagnatisr ByGr ftor PARIYN onmagnetize dhe anagnetindayer, thereby forming

HROREL | farf GH L NEhaPAlike etical l arated b
mont he non agsn%??cbpg}a’lz&%ng °%i‘§ua&%%o r%{?%%}ca 17 E%Dafexed by the
nonmagnetippats. strength of a rel evant part of the nagnetic

| ayer as determned by the X-ray diffraction to 1/2 or

|l ess. 10. A magnetic recording nedium conprising a

novNagnat hfaghetlestecaiding elie 0bmpridiAY & nSGROIELS duBiirate, a Co-

at .| east an side of the nonmagnetic substrate and
containgig-magnetic dpyey deppyited aBcpt; lash on sideefribe inonmagnetic tsybstrate and
atonfs3aktiaAly| DhpAPRIGHR! thE Sabhai VI%%P%' ih] 5 i |

fgf m ng ngnnagne;i o pg"t slca a h@é’%g‘?‘g‘m ecg‘%ed@%émgneuc layer,
therqbyt foening megmegiatial ayts sog armagndtib yecbhing pattemy nepiatically separated

by t%té@agﬁ%rc %ﬁgg gﬁd @%eﬂ%é ﬁég%@ ltog e?gi]o(ﬁfyf%s%%ng@ﬁairglevam part of
the magpeticlaper as detenyined &y tfe Xrat diffradtibOtol )2 oviees. ei n t he

magnetic recording pattern is a perpendicul ar nmagnetic
recording pattern. 12. A magnetic recordi ng nedi um

aceer di AdndgheAdYecBfifinglhedib@! WpRisihg akbnmiBRk £ sObstrate, a magnetic

layer deposited on at least one side of the nonmagnetic substrate and atoms partially implanted

into the magnetic layer to partially unmagnetize the magnetic layer, thereby forming
nonmagnetic parts and a magnetic recording pattern magnetically separated by the

nonmagnetic parts and rendering a relevant part of the magnetic layer amorphous.

11. A magnetic recording medium according to any one of claims 8 to 10, wherein

the magnetic recording pattern is a perpendicular magnetic recording pattern.

12 A magnetic recording medium according to any one of claims 8 to 11, wherein

the magnetic recording medium has surface roughness Ra satisfying 0.1 nm <Ra <2.0 nm.



the magnetic recordi ng nmedi um has surface roughness Ra
satisfying 0.1 nm< Ra < 2.0 nm 13. A magnetic

wo ewoneli7ng and reproduci ng devi ce conpri si ng i PCT/JP2007/052446
conmbi nation the magnetic recording nmedi um of any one
of clainms 8 to 12, a driving part for driving the
magnetic recording nediumin a direction of recording,
a magnetic head consisting of a recording part and a
regenerating part, nmeans for24vwving the nmagnetic head
relative to the magnetic recording nmedium and
r eddr di dgmagueticerecardingi and reprgdwdingJdﬁﬁ&ssdrﬂﬁisﬁ@gaﬁﬁconabinaﬁon the

| .0 enter a.signal inta the netic head and
maghROLEDiBe SfFTim S ng G4t Iolowh § 46 ngrvvies ez driving the
magnetic recording medium in a direction of recording, a magnetic head consisting of a
recording part and a regenerating part, means for moving the magnetic head relative to the
magnetic recording medium, and recording and reproducing signal processing means adapted

to enter a signal into the magnetic head and regenerate an output signal from the magnetic
head.



