; DEFGe3eaa~~4( 6T MAGNETI C RECORDI NG NEDI UM Background of the Invention
This invention relates to a magnetic recordi ng nediumfor rec

information and) in particular, to a magnetic disk to be munﬁﬂﬂ‘lﬂmm‘mmm“
(Hard Disk Drive) and the like. In a conventional magnetic di

has been made of a CSS (Contact Start ardd Stop) system In the CSS“?V%ten)
a magnetic recording head rests on a surface of a magnetic recordi ng nedi um
in contact with its inner-dianeter area as a contact sliding ﬁmmm Mﬁ"ﬂl‘,ﬂ,m
rotation of the nagnetic gﬁ%@ ring

magneti c recordi ng head s ggggﬁgog% t eeg%H?QS%QQFFﬂ}HgUzone i N cocbant
therewith to be slightly lifted-up. Wen the magnetic recordi ng head
reaches a read/wite zone | ocated outside the contact sliding zone, a read
or wite operation is started In the above-nenti oned CSS system the
contact slidi Bgcxg iherlayenticnidi tion to the read/ wite zone. In the
CSS system the nagnetlc systentrecordlng mediumis provided with a
roughened surface, called a textured surface, having a predeterm ned
surface roughiibés iinvention telatesd tadh@simagbettineerecmwinagnth'CUun‘ec(Bodi ng
Tedi urh apge AANBRARFO it BET 4hAT, 1P A iERa e PLATh B0 nBlid N sRAgBell S
recordi ng” nmedi umis St etic recording

medi um nnmurmeqot@taettlba (ﬂ-rland é)ldanﬁgwer)easlmdtthﬁgllkeom contact sliding (or
frictional sl Iﬁ'é‘@or?veﬁhSn%?%ﬂ%g'n%tgpecu%ﬂ' 89|v*éeagseTﬁﬁEhb%e%”¢nagéeof a
surface of the maghetic recor lumis coate a car bon- based

prot ecti 65 % afeontant Sthart eadi &tobay%ystmnaﬂ)pl thal CS8 systemhea cnagnetbased
protecti i S other
hand) usggcl:é')s'aC¥'§5’eir?ttg-’\lai;J %égéo Ls&ﬂ??ﬁ& f 1l oag?gg'fsfggnga?ﬁ‘o‘tﬁﬁagﬁ“ i

r emar kabbenmct wdtle ity iener@gemq@acateya as at hentatt slidieg zome whgnethe

recordin r 6a out.si de
tho mmgney (aren Gl aBRet i LT RHP b LTl BRo By A sEE bR
medi um i thet m@gnetiouréceydingr hagd slhisesragwet ithe exanta@icigsliding szonesin rom
the ranp ve t thcar I i

arter tpeLFtt FhEPBRR fo 0 SRRy 3ifogab. TRARR Hie "l iECkiiRg

the LUL b;agtderrfeatctt@am@neqa@ Wit r gpng headteﬂ)e@utﬁjﬂeslthée qweacthel_ldlr_lg
magnet i Bﬁ%oré“ragd F“\)v' f?@f‘%ﬂ?&ﬁ it e ‘?Y\é&hlnéﬂet QBovaLn}?’ﬁttiGm:d' Egs
unnecessary to rov netic recordin um wit

above- neRyBtarad tben@gnta%ﬂ shdngg Zomne t%qanuer@d hn tad iI6on 49 dhentead/wiite
magneti c,pReording head to slide thereon. Therefore, the LUL systemis
advant ageous in that the read/wite zone of the nmagnetic recordi ng medi um

i s widened anthtthe sESRye@acithe dnaghetimfuatem reeerdling mediumi és
I ncr easegr3§ 'tﬁda Wo%ﬁét?e@sﬁlﬁi{%er&alléﬂ e kidredy SiffaACe hﬁaWﬂé‘eé' c
recordi ng medi um and the magnetic recordi ng head do not contact wth each

ot her . Tﬁéeeetﬁemn% m@ﬁeﬁ Eorabpegsn i el imtacaMoithiadhgsiambatuash ed

surface tﬁe%e%étrb traeo%ﬁgfxﬁséemrﬁnanusmmayﬁ@tacnréesﬂih%es.%amrﬁen
consequence, ossi b o achieve a low flyi hei ght 5 nmor |ess)

of the nﬁ@ﬂé@f‘@t'Pécef thadnpeaetis resatdingamadivm Hé SGSBF’&%F’:‘:t emand to

thereby inproye the caser @'y@geﬁ’ﬁ”%éy nﬁ’é?hﬂﬁcm%%trhﬁn{geﬁ%@ﬂdm et e
Wth the transition fromthe S systemiqg the LUL s em however, the

magnet i c PFetefi@ichdraas s‘iﬁ't"@rgse d@rsrudﬁf‘én feama cogdact| Fiting ot FdRtieR@ eof

and f rquﬂﬂ‘in@ﬁ%‘rﬂ’@ﬁ?fagﬁetlbw&derthnhQHEll Mo QREE AriPNted surkh¥é NEF the
posi tion on occurrence of corrosion in the read el enent portion of

t he rragn@t%“??é&of‘él?%d'ﬁ@adneﬁwmutitﬁoﬁ%lw'éh a Farbenrbasgrapretection
decr easefpyédnahld ﬁJkﬁV@Qhonrl%%@r”ﬁ 8pphed frequently occur and, sonetines, a
r eadi ng operatlon is conpletely inpossible. A corroded part nay be enlarged
to damage the magnetic recordi ng nmediumwhile the nagnetic recordi ng head
is operated at a flying position. The fly stiction is a phenonmenon that,
whil e the magnetic recording head is operated at a flying position, its
flying posture and/or its flying height is varied. This results in frequent
occurrence of irregular variation in output |evel of the readout signal.
Sonetinmes, the magnetic recording head at a flying positoin is brought into
contact with the magnetic recording nediumto cause crash so that the
magneti c recording mediumis broken. The fly stiction often occurs suddenly
wi t hout any sign or precursory condition and is one of defects which are
difficult to control. As a result of research, the present inventors have
clarified the factors causing frequent occurrence of the above-nentioned
defects in the LUL system In recent years, the magnetic recordi ng head
uses a NPAB slider (Negative Pressure Air Bearing slider) easily controlled
|n fIy|ng helght In the nagnetlc recordlng head of the ‘type, a negative

o o o o,



. 5 1f the amount of those deposited substances or contam nants on the
magnetic recordi ng head reaches a predetermned |evel, the deposited
substances will fall down onto the magnetic recording nediumto cause crash
while the magnetic recording head is operated at a flying position.
Furthernore, the inprovenment in snoothness of the surface of the nmagnetic
recording mediumfollowing the transition into the LUL system further
increases the nobility of a snmall amount of the organic and the inorganic
subst ances @iftpahé tBHAPRLASRR protéaivn 1@fert diedigBlBBEd iif JapSRsd fiteAENDUM as
well as the nobility of the highly flowable |ubricant so that the
above- nment i 3068066, grati on is pronoted. it has al so been found out that the
decrease in flying height of the magnetic recording head al so pronotes the
above- nenti oned rPgthe other Aandpuséés wicently mads ofreetiULdheatsinlead)@ystanyi ng
hei ght not greater than 15nm can not stably be achieved in the LUL system
unl ess t he allswiag ggemaskebieringease dnstosagripapacityedIn henkdk gysiem, Hbe
I nvention It is an object an enbodinenhﬁ&f the inventjon to provide a

rragne{(i EI r e'@@ﬂﬂ?%rqlf?g‘?i{}&%dﬁﬁ@ ? ag hP@Qﬁ“ﬁQOFﬁ eRlied 3 Farse. 'glsate&i;n nant s
e katl @ 4R ndatelh SRS b AR APeSAIRE 1«
another o0 Rebr e HRATACH Tl 1Ml AL, P, WGP ARoPROR LS,

even if theslfde)éifF&P:iﬁé Qé}hﬁ%a%é}%g%fo' Etﬁégﬂggéé‘afﬂ%ﬂ?btﬁﬁﬁére%Mihgas 15nm

or less. It Is sti anot her object of an enbodi nent o e Invention to
provide a tgranireateptnd fRatdH 6fthe nidgittietreedrdingehiédiim @& saeeal i Thusdar di ng
medium As a result of further research, the present inventors have

reveal ed t htite LWbsygstent, the dhagngdinirecardinganeathdbes depsikiet aerdne anagrgptiet i ¢
recordi ng nedium and a | ess-bonded part of a lubrication |ayer are

prevent ed fres@rdingmedivg incontactéhergwitbt i ¢ recording head if surface

L o2 TR RTR 5 d S S ORI
S e A R R e o TR BN

| ubr i Gat i ONe) AU for thel ARAGAERR récklafio(HUekd TR (BB | TRERBRIdG TULDE

boundary po?¥| on so t appears”on an outernpst surface facing the

| ubri cati onsyst¥gyis dvantijedtis oh et the Pdad/AfiteczBonef Wetrhagﬁékﬁtﬁiéc@?din?
substances on the surtace of the magnetic recording nmedium particularly,
aci di ¢ cont pradiantis widertedand tHe stbrageocd prvitpafitise (fagnetic aeqordingSnadidim
S042-), chloride contam nants (for exanple, Cl'), and nitride contam nants
(for exanpl i§ insEaspdias mm@dtmﬁs@es@ggt%t@'ﬁ-. As a consequence, it is

of t b\:e:l l?mé,ﬁef 0" ¢ Bubedh G Shesim,foe braanelc feeE NaURBRTA G SARmAuReR e -
or oup, o tufes e g L OMBAS M BaLT BieRs, K0! Tre Blghe’ "

hydr oxyl gr i gg?& fi il groups
have high e ectré%rreglp ﬁ? ﬁ??@h\?\npﬁ#iﬂﬂﬁg%derre oﬁe?etﬁg'ﬁ%gnl :}ﬁ% ratio

bet ween t hegggtelRPanda&Siathraved @t smebthne¥s! AS afcolieltendd it g dselble eat i on

| ayer is inproved so that the mgration of the lubrication l'ayer to the
magnet i ¢ r eachidva@ loeeftying heighp  £5 sador IEss ) dfdhevnagndiieaaaseindbeaeasi nal
group of the lubricant and N+ are high in electrical affinity with each

ot her, covecagwased with the§i$S system and to thesebynproye dhe decasdingdensity of
deposition of the acidic contam hants and the |ike onto the surface of the
magnetic red¥® Magpeke MeeardtwMediUskppr essed. However, it has been found out

bounitar ij EX?{ on Vil ﬁ%”f{r%‘ésqﬁéjmiﬁrﬁe%{r‘ﬁofﬁgé%&8&??@&{%@@39%%%i*{??r%eivreéi ect
Speci 11 cal 1§16 TSP edeorBlng RERTa RS BRos Rt i Mo bimtbellP BPnion beisef ayer

in the boun [ (E=Yol! BRI i r nd H
(hydr ogen) gﬁgwggﬂgtgBp%u@ﬁ@ﬂ%gﬁﬁ§§k§395§§$@§ﬂ§%é§ a?tghgggéﬁﬁﬁg)'ond
(unbonded hand) of Cis filled by H The bond between C and His
electrically neutral. If a hydrogenated carbon film part in which carbon
atons are bonded with hydrogen atons is present, even in a very snal
amount, in the carbonbased protection |layer in the boundary portion facing
the lubrication |ayer, the hydrogenated carbon filmpart and pol ar groups
of the contam nants and the |ubricant make no nore than internol ecul ar
force bond because the hydrogenated carbon filmpart is electrically
neutral. The internol ecular force bond is weaker than the ionic bond.
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.8 On, the other hand, if the carbon-based protection |ayer contains

hydr ogen, the dangling bond of Cis filled by H so that an anorphous
structure high inrigidity and stable is fornmed. Therefore) the carbonbased
protection | ayer as a whol e exhibits high abrasion resistance. Therefore,

t he carbon-based protection | ayer preferdbly contains hydrogen in another
boundary portion facing the nmagnetic |ayer. Specifically, the carbon
nitrogen layer is soft and |ow in abrasion resistance as conpared with the
hydr ogenat ed car bbponggetiremee petoiresionfn thedieageiemnent pattivnrddheé n t he

car bon-based protection layer in a base portion thereof, i.e.) in the
boundary pofageticecerginakeath@ne@ytpul lgyelrof ayreadght ﬁ'iggﬁhist cieasege In

car bon-baseq .protection | ayer as a ol e can ,be assured. Accgording to a
o e e hiBEVER, teqdiog &Pk freafienty pEour and: Semol esyAdeRanG SoBrallaty
medi um conpri sin subst r.at e; rnmed, on, the substrate; a

car bo_n- baself ?)9@8@?&%)’&"?%%} £ c@?ﬁﬂrnflcg{]eﬁtgfg%hbﬁéﬁ’rea% af od%ma% .erragnet i c_
the car bon- AR TE B HeRlud HTE ing Frddtl Faltoniiah R bt 4 227ng

t he magneti g, i a front boundary portion facing the |ubrication

| ayer, the ?gllggy%&%ry portion conprising carbon and hydrogen, the front
boundary portion mTRelflyditiegon®s & pHEASMRNBH thAOWRIE theéthagnele fectitdingi Hazaoen.

In an enbodi ment of the invention, an internedi ate portion of the

car bon- baseis pperatert aba fliying qrositetnyite filyingepostane darullodits flying hieight i eariedy t he
magnetic |ayer and the front boundary portion facing the lubrication |ayer
may cont ai n Tbés iesdits frytieadent cocurrence of #regutarevaciationin oatpubfevsl ofithgr ogen or
nitrogen may be changed stepw se or continuously in a thickness djrection

of the car bE*RI SN0t Semelimasaha magpetis saoding heaskatentlying pestoipfis  hi s
Yo DR A SSRGS B S
hydr ogenat e HARRRTELEEFIRLRYETs KREERT THE 1TRABRY GrbAYBLuas the rear

boundary portion~an ena carbon’ pro iron layer tacing the

| ubri cati ong|,ay&hlyavtHdie ahy Qfin SopredarsorPebhdifdn ahBSs on dhYIQeS AR
carbon protection’layer conprising carbon and hydrogen, the nitrogenated
car bon pr ot eeé difficdletpecontiod! udi ng no hydrogen but conprising carbon and
nitrogen. Preferably, the hydrogenated carbon protection |ayer has a

t hi ckness not snalAsea reswdtrof2eseargbt theryesamidnvéntorankave darified the/factarenat ed
carbon protection |ayer being smaller than 20 angstrons is insufficient to
mai nt ai n t h&avpigadredrent oppaTengaeithsabayeppentiaigddefestpdp the LYL gystam.
During | oad and unl oad (LUL erations, the. nefic re i ng, head slides
Lo  and from an ar ATGHRSY 858t e BIAGNRLS Fecl O P are e A NHAL REHST: gt ity of
t he carbon- : LOR;:. | §idl ,Cl WG r di ng
rodi um may O aa R Rl Rir g SideBeteily teitblied RENTRGRELE. e g
the above- mpridtRtceORYIY hOAS of m&?pe,t@ﬂebﬁﬂi\@(@%%u%!dr%uéé@éh aQlider
angstrons is unfavorable.” In order fo reserve sone nmargin sufficient to
avoi d t he alsaviecewiutingroparatiireat a flying pdsitivhne ©n tife dther hand caeemtsdalCar bon
protection |ayer is preferably equal to 30 angstrons or nore. As regards

t he upper | iameurgfof ohganitaod neerganic sutstanagsaye wepesitedirothe neadiveiiei on

| ayer, no specific limtation is required as far as the LUL systemis
concerned. ERNERNthesiEface pf thippagnetigiecardingduedivppasdepesi taefeen

E Eicfkﬂiei_i”ﬁiqu%&t ??Pﬁ%‘é—%@?@%ﬁ?ﬁ@g%fr%é’{qr%%%&p%ﬁn&&;“ﬁ“e%’a%iﬁéﬂegge
cystom to 1 SEAH T ALY T BT tnecHon el shaSehbey Bph e HrBRIOT e

magnetic reg é?idwncﬁ}gi;ﬁ’q %’?’gbetil? floRABREIUbREant! C*FHE%%pB%iéé@@uE%ﬁé’é‘s frged

protection layer s ease magnhetl c spaci ng a consequence,
netal lic iorgléétedre Bohdehssd hRE dePBSIEad 6n kv SidetuiRb s duriatathdnte
car bon- based protection layer to | eak out on the surface of the magnetic
recordi ng medi um ABha seguiisefl reseamhabyptihenresentrineentors)dt ey e foundfout he
surface of the magnetic recording nedi um (nmedi um corrosion), which is
grow ng i nt éhat therGSG syptenhhama deansiog [feadtiongof cldanisg tesencmdamirsEnty
mgrate to the nmagnetic recording head to cause crash or fly stiction. In
the LUL system no cleaning function is achieved as nentioned above.
Therefore, it is required to strictly prevent the nedi um corrosion.
According to the research by the present inventors, it has been found out
that the nmedium corrosion can effectively be prevented by excl usion of
nitrogen in the hydrogenated carbon protection layer at a portion adjacent
to the magnetic layer. Specifically) as conpared with a nitrogen-containing

o " o o o, .



12 Preferably, in the nitrogenated carbon protection |ayer, the content of
nitrogen with respect to carbon is not greater than 10 at% The content of
nitrogen exceeding 10 at% i s unfavorabl e because an outernost surface of
the nitrogenated carbon protection layer is neutralized. Specifically, if
the content of nitrogen exceeds 10 at% #he anount of N filling the
dangling bond of Cis increased. As a consequence, the outernost surface of

the nitrogenated carbon protection layer is gradually neutralized and the
amount of NmMigkatinadrasatlee magnedoreerrgindsmediyie tutheApaghefigipcordingdepdsear ch

L R
out er mst_sZPPaED tb?%ﬁ@;ﬁg? ﬂbeggaggshc 5@9%522@3?@8} i”o‘?zr\t%?}éﬁeﬁeg‘;fgtmf’ggdi n
SSS?L? icgﬂt 8?%8&%%%?&%% OIVF il tﬁgﬁﬁégm et' pgémdmﬂggcgglaég‘g@ &gﬁ%si tion
Thus, i caconBet pRnPedulits SFiHeARagRCd R fieAuAE DAMIORELhAM o

of nitr Oge”thé"_QHG\Y@herﬁﬂbﬁBdicieérmﬁ‘% RIHABbATS hoBabHiara! MithENVINsydteaenat ed
carbon protection layer is conpletely neutralized, the anount® of the

cont am nant $edapss tHeethagnétic Fetording Meiadaddesatutdliog ovedingmagastinever reach
zero. Therefore, in the LUL systemin which the cleaning function is not
achi eved, i re¢ardingposdiunh & cantpctdherawith.gr ati on and deposition onto the
magneti c recordi ng_@head havi ng the negative pressure slider. Rather, it is

ef fective to i ncr dhednyersoesdaanepiound ot thateinctbatldfh svsier wiheuidhermgnet i c
recordi ng medi um withi.n control ] able range, ,thereb reventing the ..

Cont ant nant SRR IUHORANE CaRATHGA TS RHG KUY SREUPTRRY PP aaRtg o
t he magneti r ai r o L f LS.l ntion,
there 15 pr 5ot ROROaHRY Heffcu e Bbich SoBnhuaty Sls B8 Hirefd ordaduidlt
aspect, whergi: i AriChi } b dRG3gso that
thg concent rc QH@#@%’?’[@%‘S& Wi t'ﬁ%bélag‘t%g%?g bﬁhécgérﬁﬁ%s’r%bﬁgf‘ﬁg W td hin a
range not sigdrheht pdrlion2 B fardibglan el magpatdresibtianrebd dlbffent (fof BRample,
nitrogenated carbon protection |ayer, the content of nitrogen is preferably
not great er MRaGMR), HVR dlemants) cpablessf didaipingsehigh diitpatdevéids seskeptibben of

N+ is started when the content of nitrogen exceeds 7 at% the content of
ni trogen istogeresienef erably, equal to 7 at%or less in order to fully

Fecordi ng meai um HNKR SRGLARBREG e et Hagliensly Des CaBRdNBL on of t he
ing medi um _ A _ | n
rmgnet | o e dnHGRRTE B B B PRE I e R Bk s IR S0 o

HDD (Hard Divc?rhe%%ﬁé@?ét add'g r@Q%iefé?ﬂ@ﬁtrgrei 2 'gﬁéteaf‘elrl'géééft%?r%ﬁ&@ﬁlt%eﬁept at

| evel of C ass r less. Sometines) ynam c action may WO ween
t he ni trogeraparhté atrefurd! ioisasdderBahatoerormiwidecssHigidrsorn @ixapigir bon
protection | ayer because these |layers are different in filmstress,

al t hough it Rispmiidg supbrasdF eaNychetveen tipe ozmsband Thecredygnelemendsct | Sincevor ks
directly if a definite boundary is present therebetween and indirectly

t hr ough t he Retmallaris an a@llpy susegptible theoresienibs snagnetetasisiiverhaad raest nit e

boundary is formed thereb by the productjon, in which th
content s of StiGWREProrRISAyiaBgertsios, bl DeIthBrIREFAEa cont i nuously or
tepwise in the thick direction. | t..0f .t he dynani i
wor ki ng betweon ¢ iNeH Tioaser i foed el RENbuRh i a A afia e LU
hyd t et icon : '

ot bon based SRR e MibiE (MG IR juHrBaiariger o FgRklo Redifie | |

particul ar, n‘i‘&ﬂﬂn{t‘éﬁdg‘?ﬁmgi&@angfw&e ifed%r} {he hbyneReretior@iRg Head.

accunul ated, the protection layer or filmmay be peeled off, 1h cooperation
wi th the deTieasBritantasiiie nayretiosacsiaine medkurnahbeiminstivn avdtessdied | ayer
as a whole. In order to avoid the above-nenti oned decrease in adhesion
strengt h, t lnte threcmagnatic ocecartlingi Heang éendstot derionistyr digtenta trexiflying posture of
protection | ayer is 14 | owered bel ow the concentration of hydrogen in the
hydr ogenat edhe myagnetiprrecerdingheadyesuliing in acewreentsooithadiytstictied. suit abl e
ranges of contents of nitrogen and hydrogen. In this case, the difference
in filmstress therebetween is reduced so as to prevent the decrease in
adhesion strength of the carbon-based protection |ayer as a whole. In an
enbodi nent of the invention, N+ present on the surface of the nitrogenated
carbon protection layer facing the lubrication |ayer increases the
adsorption of the surface of the magnetic recording nedium Therefore, if
the surface of the carbon-based protection |ayer is sufficiently covered

_ . o o o o Y e
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The coverage by the lubrication |ayer being 85%or nore is preferable
because the contam nant adsorption site is substantially conpletely

el imnated. The coverage of 85%or nore is highly effective particular if
t he magneto resistive head susceptible to corrosion is used. In an

enbodi nent of the invention, the bondind ratio of the lubrication |ayer is
preferably not smaller than 70% If the bonding ratio of the |ubrication

| ayer is not smaller than 70% the | ess-bonded part of the lubricant is
reduced. It is therefore possible to suppress mgration of the contam nants
to the magnet it thecamdiutg bééetthoss de poasised usiicstandes orposstaénants on
suppress,fly stiction or crash. J/According,to a_sixth aspect qf thi

Cnvent i ofnet HBRENELS, (RAURY MEHE: B0 dP n RATRRTIREE: dEVE e oty
one of thepdsgitedt subsgantbe fwilt hfaispelcven wheoei thet hendgmelfiag reabirdired
the lubrication layer is not.smaller than 70% I1n an enbqdi pent of th
nvent i ol CATEAEKRusS cifen: FBie’ tne BRanets o8 B8 HedFisoRbst afad
magnet i c altay €lyingiqyeesidion.by the use of a nmagnetic material containing Co or
Pt easily perneatjing and lLeaking to the surface.pf the r bon- based

br ot ect | on' | ay o thoftmBEF B8 TpTPaarhaRs IH 1800 Roers, of TS HUsraeE of the
Speci f i cahhgnetiloeremgmnidhgcmlealiem falowdnprihee tiearGipionbastedtiad ILAYL system
CoCr-based .all oy, a CoCrPt-based.alloy, a Cr Pt Ta-,ba alloy,. a

G pt TabResrPag s e RBBHIR of 4 sih &l %Pt 8F Brostdanis app the

i nventi ohnorgasigecstibstamoes atdepo sidednpos edheposutfaceravér ithe omagrestic

| ubrication |ayer. wever, it i s preferahle tp. use .t terial, having,a
ol ar  gr GARCLH MP TR At mehed B apiTar i bRl TREb G 1(HcaR
car bon- bagedhpat dhecabwved-ayentioReef anigrayiorn e prdmiotati dt hagealstomEerses

i al i ni ' hai n. of fl .ine-based | ubri .
et £ TG BB I e RO 8 i SRR LR AR g
or a carlh@ad apsoyrohtilas jhe letvo viermentigate d enigobéioin.y. Mre specifically,

the lubricati | ay be fornmed by, a_ lubricant "Fonblin Z- iy
Forbl 1 2 TETRREL e AR NGTaR Dy AR, FEREONEn Bar'PReo1nd RetaRl not
| ubri cat iggeatey¢hanohfamcag doTET&BGL biesaghéened inntheubdiHr systépduoxgss

groups t he | jcatj e i.ni Z-DOL. Therefore, the

f or mer %eagﬁﬁéﬁgﬁeggforﬂn?@%ﬁ}ak% E:S %g‘%&ar\?vigts%%m formed on the surface of
t he nitrogenatSugnosatyof phetlenterntiohayer so that the effect of an

enbodi nent of f he invept.i is.r J xhi by ted. Pr aply h

| ubri cation I<5|1§/e"rals h%g QBQ%&ck%esgﬁgn%%%%nfhgtl % a'r?gsetnﬁs)(r?ré, Pémpé&v' € a

pr ef er ablmpagoetigr e @rrdingn medingst capablef ofhesupipcksessg ofmigration of

| ubricati er | r. than. tr e - de r

bet ween tc%emt%%?'ia(':{é ig%%lazgglrghgn@t e%'%grgggsibgg’er%aﬁégt 'élcﬁ?%n?'%e%#%rﬁ

i ncr easedristccapableheofl sippoesisdmg | agéesient bindk flyevadictiont hé aomagnetie
nitrogen . itrogenated carbon protection layer is controlled. In this
case, it rllagoglaﬁ}-q]gtﬁ#ﬂto achieve the bonding ratio of the lubrication Iayer
as high as 70% % anmtbesobjest df anseindiddim et of theciowention ttheprnadide a
system i t : i i I r.ab spall er
than 5 avnagreu Peeqiing! Badit sk eMep i uRIRLRGE by HCLRIR 8 |
than 5 ajberchefedts eveqi fftheuftying bhelghiveftmenagnetigeepprding head is

| ubri cat ia%ﬂs |?rasa§55ingl6rqgs§(_)% or nore. In case where the magneto
resistive head Is used, the corrosion readily occurs. According to a
sevent h aspectlt ofs wshilk anatéer objecherle drs pmbddisent migitbei envertiedi g
medi um a kgt . an ' h ; I pec ein
t he magn t%’%%cér ?%g“' d?u%ffh;rﬂﬁzrai)%{l calt'pgfblggﬁ'g@ewﬂgwngﬁagsh%gaﬁ(‘:\%ﬁé
roughnesgerardin@ nediwn. | ess. If the surface roughness Ra of the princi pal
surface of th%émg“%'s%lfeBPrﬁq;]ﬂﬂe?e%%‘a'réhnoihgr?%%n&hfi‘ﬁvgni&@ hhveS
possible to reliably prevent the mgration of the contam nants to the
magnet i c re¥ealednghatainorganmici fandte orgpinig ls@ndamisantfe derpsited on a
recordin 5 e IS N i i L Y I
case of anAPRRUE pRUIAM RO CaRy, 3 1EUIEERABE Hatt BE F1EER 8D o1
t he | ubrilager @vel prevented firgravégratongHatat he bondi ng ration of the

| ubrication |ayer is decreased. As a consequence, the mgration of the

| ubrication layer to the magnetic recording head is pronoted, resulting in
easy occurrences of the fly stiction. Therefore) it is inportant to prevent
the mgration according to an enbodi nent of the invention as descri bed
above. Preferably, the principal surface of the magnetic recordi ng nmedi um
has a surface roughness Rg not greater than 0.9nm If Rg exceeds 0.9nm the
difference in | evel between protruding and recessed parts of the surface
profile of the magnetic recording mediumis increased. As a consequence,

S P T o



.In an enbodi nent of the invention, it is inportant to control the
concentration of nitrogen and the concentration of hydrogen in the
carbon-based protection layer. Therefore, it is inportant to keep cl eanness
of the deposition environnent (sputtering atnosphere, CVD atnosphere, or
ion bean1deposition at nosphere). To thiséend, the degree of vacuumis kept
at 5x10-' Torr or less in each of the sputtering, the CVD, and the ion beam
deposition. In this event, the effect of this enbodinent is fully

exhi bi t ed. magr‘:etlpdee@rlding head Ekurface asiivityadfea capen-tasedrpptattiondayerts ogen
ions into the surface of the carbon-based rotectlon | ayer forned as

ment i oned abweasqchingb @wwrmworbfaqngethewamatm lay @D YHCHISIPHET f or mi ng

the lubrication |aye ot s eC|f|caIJy restricted. Use may be made of
various knoRHragen {bat§H8ﬁC%1§ $OTPHPRA S INSFRasEdng, Spl n coating, and vapor

a T aui o phase or SPRofcaty Tanadh R hvaRenitihe (aibbfi bt ptitlal e "
ragnet 1 ¢ 1 kb RATRER RRRERRG e '%“E%t@ﬂ@%}ng"(f%ﬂ AT hEe,”
Descr | pL1 0N wilid HRIFBELET 6 EEARRHTBOMion sl Bl N"chBald 6 B iy

magnetic recor conprises a rate (nonmagnetic

substrat e) %urféc@?&cﬁﬁ»‘é tife iu%Y@éthé’n I;zggéﬁechﬁma%@Mﬁéél%rﬂc%ona VRl bon- based

protection layer 4 formed on t ghetic layer 3, and l'ubrication |ayer

5 formed ondepesited botdiasest on theestiiface ofahermdgnéiivorgotding emediwars, the

carbon-based [ ayer 4 conprises a hydrogenated carbon protection | ayer 4a
faci ng t he padicedarty, baigis céhtaminandssacimias gulfater cardamimants (for exmglef&it&gd

" carbon protection Jayer 4b facing the |ubrication |ayer 5 and containing

Im trogen an@nﬂcsl(ﬁyd)r ehlenide comarB@tamseﬁﬁortwr@pJ@spﬂ ht%‘dlfz;ﬁlﬁ’& qugamfsr@m ic

3, t
(nonmaghet | SRRXBTRS NG 58 Fasrhtfiesh SbstantRs. mofir @ EOBSSQURI HOS medi um 10
having the %%Qgﬁl 2t mﬁqgsgs ﬁn‘ioér'é%%?ufﬁ @éep&‘?teﬂeﬁ%%%{elﬁ%g 'o'?a tﬂsts%hﬂaﬁé%ftq%at

conj unction w conpar ati exa noted hére

this i nventingiydatic¥ebofdhtd Fﬂéh‘il?rﬂ 6% rhE éﬁH Féé\é’rd]H%%%HP' es An , ,

al um nosilicate glass was forne |nto gl ass di sk bl ank having a disk-1ike
shape. The gl ass dh $tke hieankwhilesa Susrizassforaling tHebjubtitstibri laygr hasliaia

preci sion polishing, and precision cleaning. In addition, the glass disk

bl ank was cHemmioal grpupt adunttiomaédroupshaving auiegative potarig Josexamplet e 1
having a flat and cl ean surface was obtai ned. ﬁ§¥ t he use of an AFM (Atom c
Force M crodwdpay! giokp €Y abd a eargiexgaroup (€ Id|)as§hgam§mcépeal1grﬂu§s

Bceur acy, o TENRATG slesyel iy ih B oToie'rd e BondlES Phehiesd hen,

Fur her Tor & coPRGNLBLUR Aok BUPEE ARG Ui tﬂgwﬁ&tomg &8 iipRieR:. For

each dot) data Sa was car out a resu roughness

of the gl as%osthaﬁiﬁé‘h%rﬂﬁén of fite Iﬂﬁ}lbéllo%ﬁ%ert%tﬂ% rﬁg?t;héhﬂéco% hBEY i Ra,

and 0.37 nmin Rq. The surface of the glass substrale was neasured by a

probe-type pupbrésyEet eFurthentere, IBfébauéém te@fiithdl grote o thef laBAcaiteind N* of
the gl ass substrate was not accurately measured at the resolution of the

above- nent i @redigh wfe¢lectricakaffiniewith eaghtotikeniseverage of the iubriaatjorsiayer ean ng
machine (Circulus MZ2)) the seed | ayer 2a, the underl ayer 2b, the maggeti C

| ayer 3, ancpec lnaor@a%éﬁ-tbafstea depesitioniafthe agisic gontaminants gaditha like op

| ass subst
g e su ace o ﬂwe magne{lc recording medium can be suppressed.

However, it has been found out that, if hydrogen is contained in the
carbon-based protection layer in the boundary portion facing the lubrication layer,
the above-mentioned effect attained by inclusion of nitrogen does not

substantially work.



22 At first, the seed |layer 2a having a thickness of 300 angstrons was
deposited on the glass substrate 1 by the use of an NNAl (N : 50 at% Al:
50 at% alloy as a sputtering target. Next, by the use of a &M (Cr: 80
at% Mo: 20 at% alloy as a sputtering target, the underlayer 2b having a

t hi ckness of 100 angstrons was deposited7on the seed | ayer 2a. Then, by the
use of a ferromagnetic alloy consisting of 20 at% C, 12 at% Pt, 1 at% Ta,
5 at% B, and the balance Co as a sputtering target, the nagnetic |ayer 3
havi ng a t hi cknesS$petifitally, ifrgsirogersisvastaiped & thedcashontbased ¢eoteatien 2b. The
car bon-based protection |layer 4 was forned by the hydrogenated carbon

prot ection layesin the badndary portiorotasing e lobricadiongayrreCt(carparaged Hb.

Specifically, the hgdrogenat ed carbon protection |ayer 4a, havirg]g a
t hi ckness ofthyHogagkaiedrendassindee bsrndaryaertier sedipta denglighorsl by t he use

ﬁfyd?oéiﬁbé’ggf:&;r&%e{ eSS fﬁ%&bﬁ‘ﬁ?%ﬁi@nﬁ stvere Coya BLsreIHeB Squal
it rogen gadebAb” e SRERRTEREOR i GRa & Dhef sPurdr ot BRI o
hydr ogen veSufieRRBbhN sldht ReniRERK RER 165 Ve SRRy, B el

car bon- base ron Tayer forme e content of

nitrogen wi ‘H&séé??ﬁt;e%géﬁh )rmmmmbopfbﬂa%@%érmtsrit%tiahﬂéﬁ@mt ed

carbon protectio use was made of a m x€d gas I n whicC

concent r at i ¢jydedgerized chRBefmasst ahd botﬁ?@@@és dfthewnfimiaaty\asd eegial to
8.5% The flow rate of the m xed gas was 40 sccm In order to precisely
cont rol t he lghmtamtmakte oo madre than idermaleculahforemhordbeeausmthef hydr ogen,
the nitrogenated carbon protection |ayer 4b was sputtered in a clean
sputtering dwsrgsnated garhondilinapartia elegtricalloreutra. x The intemmpplecular frcgext

Fonmblin Z- DAL manuf act ur.ed Ausi mont a Jubrjcant was applied onto the
oot bon. bascoROds Haakh LFaTy B N ach p 1N #1614 dt el hgST B RaredroYa er o

R Ll
v SUDL et vk MBI SbARrAPLY NG POnaRth S BRI XabRaiE ekt (e

in the nitrofigRaead tﬁ@hﬁﬁghéﬁb%@&ﬁinﬁ:hééwsv aftbgatile prestipa induedyds ogen

and nitrogen in the hydrogenated carbon protection layer 4a, the coverage

by the | ubrinsgfative presstre slidemef thb endgneticrgcomlingphedd.t he | ubrication | ayer
5 were evaluated in the following manner. As the durability tests, a
pi n- on- di sk dur abilnivigw othe akoveUtheigarbontbasedtprstectian Gryer (postesabivit  Fl yi ng

Shi el o por iGN i PUASAREH ) ELorUIOReY REEIe TARRO e IOPTERHBE IBIPH oot wor e
Gur abi 111y G ests Hgelh IR tadh il BSOS EHaT o -0 VBBl patent
car bon- base%@g@mﬂgg :b@’c%r]s‘fhé’n‘@é. E@@;&%ﬁ’%}rp%éébep%’céﬁgbnﬁégéﬁ hQRis

spect r oscopy anal ysi's ( e content o rogen was

measured by tebeniguemageaih dateymbst rotddtiohifive mtsn@ménbbnghiﬁﬁbgeﬁhand
contents of hydrogen and nitrogen in the hydrogenated carbon protection

| ayer 4a werrdtrogers.ur kncothgr wbedsy slee oarbom-badesr pretBctiba layerchast armbtteErmedt by
the use of the simlar glass substrate and the simlar production process
and conpri siswjfackecanprising aaniture Af socarppo ndragesrayery arydsoganated earbener

| ayers (i.e., without the nitrogenated carbqgn protectjon |ayer, 4b and the
| ubri cati on IR¥§fepnd)a hydregenated Rigpgenates ca?hgruawen Hee Pg%a?%‘é?'

prot ect i ona SRR At i deteuupt s STtk ELERBh AR Ff Rirosin
Por 1 0N eStar Ry ofiBhky $:71sAIRRAR BOHRN, pariidii) s dgrdtoRsistia gsa bond-

frequency of pas
element, which are serious problems in the LUL system and at a low flying height

of 15 nm or less associated therewith.



nunber of nunber of at %% ~- nessnessageence occunratiotines oftinmes of days
of HN( 1~) HN(A) (!)ratio(% (% rotati onLUL

cycl essurvival (%4150550410887001001342r eached toreached t 080000030 da
$2150550510907201001393r eached t oreached t 080000030 da
$3150550710947501001311r eached t or eache® t on80000030
daE41505508109474092g72r eached t oreached t 080000030 da
s515055010108170080g10fil ed atfail ed at 64000015 da
$615055061927201001338r eached toreached t 080000030 da s7150550615927409
001158r eachedQmrithachtieit b3 OF3thalaarbon-based protection layer contains
$115055021Q75657923- - - a~>~ 505 107767514
> 310050008 9689300 1524 9B0GLIIR ST dloHole (1 BbddctR¢NAY an amorphous
54550ﬁ50§ﬂﬁl&2ﬁ5@mf@h6ﬁﬁ anbgﬁmtém I @ﬁtﬂéBEOGG@rhédiaTheMeLorﬁi ﬂHri]@ ¢ bodkmess
and the govera the rication e sure the X-ra
ol ect ronbeBae: PootepoRc AV har 14 Whploe Rt HERoRb RS ISR, BSHite The
]E)ondi ng Thirefode,t hthd uI@rarbahi-basbayepr&temaomauayéat qﬂeaerélonl omenté\tns

I rst,

t ethlckness of |ghelubrlcatlsonl er 5%5 relln}narl g
measur ed"¥§TPAENFIPR 'I'E?) ? THaH& ¥ RYARLRERCIOGe ct %sgbﬁﬂl')’? IRexXBYSf he
rragn]etl cSrpecmd It')udaﬂg nﬁﬂbu?aﬁtﬁomamtdoupad Ialyga &o: geftt anértovel ilKFabrasion
manuf act ur e DuPo or 1 ssql ve a art
b ot e aYer aS hdmnarad Wil s huidted iAot ractShuader  heatots:

: a]%/er 4. umhede?@éens ¢dsneta’rﬁgﬂetn t:hewwh d M ased Pmb]?@ct‘r']@ﬁ Ibl;b/fetreid at base
ifting ratg of,6cm . _Then t hickness (t2) of t ubric ayer
5 whi on BBrfipR B di Boths B Rl 16 Fovti ohafind Yhe' Mdritic Bke®
t hi cknesa (\tga) rdiditie off ultve catrbon-baged praofdationlilpgiengasid lwhekpesin tbe t he
t hi ckness %‘ of the lubrication |layer 5 before dipping was cal cul ated as
t he bondP ﬁ f& o of the lubrication | ayer 5. Thus, the lubrication |layer 5
was partly di seelordihg nioo at fiest alspdt. oThdis ilbiviesdiomn thayerisSprevisied gy
after di %ﬁé”rg }éxes recogni zed as a bonded . rt bonded to the car b?.n- F)ased
prot ecti BIF9AFEP ECHRENG NS '“&‘s%‘f‘é’ﬁs' s 2P ae: 3 APRacHs [AYFhg
manner. formedeont thevalbateatehea duaam:thba/s@andptdst@cahﬂainaqerr esngirsioyy of
t he car bon-%ased Oectltgn Iaéﬁ an qS Ti C baldl aIV|bngc a. di arlraeteerr of
2 mm was °pre28e# ‘{; HE1ee 8N 80&“889&&% Y&t i BRY & e AT PR '12Y
magnet i cfomneddi ag ntded uwatbounrdasetiheptot@dtodn 13gyeat; athedicdrbposbtased of

22 mm an e.,r Lcr r di. r ot de T I Ti C
pal 1 ana LR TR IR 8L eTRBERRE SRCRRT TRy S AR ragihi dup dfadrati fe
rate of Payeésand B froindthouadacyatiomifabhirepdheolubtmicafibe faydrerthef rearres
of rotati.an r C r ct I YRS
measuredb% n%g&h otrn§n0§5gﬂg|ﬁ§§§gtc%w§tso% té‘s"?;é‘ﬁ%/rgPﬁi‘ ;\ﬁ? 3?8&?'1)“ me%aaf
rotati onpbefloneirtdiedmag tnmlhlydsegeprbchbnmrlbmmeMSabdakiémgas equal to
800 or nore. n [£N
contact with tﬁﬁenaeﬁngérhétopi&%@gggﬂ?ﬂé iy Q[&ﬂ gr'Tﬁjee{ ordclm't:’Efgé)'!mm drf-ilesk
test is aadboabbasegl pEQecmlrmdeIawensbeeweeenvmemermmoaedaoyrmametbrwfahirtgwe
actual o [ t e t I

o et Qﬁée%'ag%eeft‘lﬂéé lé %‘gr%gxdntﬁé%r&% blog.ﬁIdéI‘Rﬁ p%r;gh%et facaggcoﬁ% IQSnc%tI

havi ng alayenmangmitaiasheth \sué In ycheo @4 e raemd r(IngemeFFém )cwwtnatmnedfto
a magnet rd| g t Ty j : sy erprai ng
head dur?‘&drsgeraﬁqoﬂﬂg %ﬂflﬁ ngrs:!%h@%&\j\gstg%“%%”l B‘?’h%ggﬁ\gl%troon ﬁpéj

i nsi de t hieickengsst dorecdoor @Ifrtgeap@ebcamttsam rerote gtionel@y@rat ur e

hi gh-hum dity V. | L YU r R ive
hum dity of 8&%@@?”@33‘%“ ons C\i/ve‘?atr é)t%gnéﬁ% \;me\}l%rﬂegﬁI ?@%‘% gptgggbé)gbaé
tinmes. Wwagnéaticnigberdiot medisinofacterdiolg d)pe’rmmfmsst aspehbdwsCO®I0 the
when any . r ur t L S ldd y qte et

recordi ngfaﬁ%éﬁu%a%ﬁ %éj%gt'rﬁ%gngﬁwgpr ecorglpfnsgé *hedd \agdré’ g gﬁgguté%rboorﬂthe
magnet i cprremtdd:ngaa{ppsaiaemug tHey magoeticobmevasi e unaerbauhdghy mmgmmess
hal ogen %@aaﬂﬁrB e?»%%@@" %Ir?@ Ustdie ?Ib&ﬁ%&%ﬂ'fa‘c'lﬁgt HY ‘fﬂBﬁ%% (Pan%
havi ng a magni |ca ron 0 he” surface o e |c recor |ng

10 and a@liltmﬁrmmboundaaymtmle,nﬁm portion, and a shield portion of the
magneti c recordi ng head were exam ned. Furthernore, the GVR el enent portion
and the shield portion were precisely exam ned by a scanning el ectron

m croscope (SEM at a nagnification of 10000 in order to detect very snall
corrosion. The LUL durability test was passed if the LUL operations could
consecutively be carried out 600000 tines or nore. In the nmagnetic

recordi ng apparatus generally used, it will take 10 years before the nunber
of repetition of the LU L operations reaches 600000 ti nes. 27 The CFT
test was carrl ed out as foI I ows. The magnetl o recordl ng rredl um 10 and the

L, . N o, o o, oy 4 NR AN



consecutive 14 days or nore. The survival after the consecutive 14 days of
the CFT durability test corresponds to actual use for about 10 years in an
ordi nary environnent of the magnetic recording apparatus. In the magnetic

recordi ng apparatus, the magnetic head carries out a seeking operation and
is not continuously kept operated at flyithg position at the specific radial
position. Therefore, the CFT test is a durability test under a severe

condition as conpared with the actual use environnent. 28 In the exanpl es
and the conﬁ%(d&lgﬂf@tﬁﬁﬁihoé‘sf?mm'@né%@m@ﬁn&%f@miQﬂ‘i‘sh)(ﬁé%e%cth?eved by

pronoting the phen non that a small amunt of deposited, substances on the
Surface of (HEOGRNAIES FEARdYPLEGHGN TRYeT IR gng: s BYETOgEN BHL SARBHENG.

recordi ng heacbjland és.condensed and deposited on the magnetic recording
head. Speci fRERM 9“ PHFQYRY | UL test and the CFT test) the magnetic

nei d fons Sorz ontgrREDehR Rk e BRI DGR i AR H TR Bl ¢ 1
was, mount ed <fedh a0 SoSUbRRO" FHRANRRRBERbLe HarSielnlied RafiRfel or at e

| eakage of netallic ion such as from’t he” magnet yer, the
nmagneti c regRbéiclien MREr WEiNRSmaRethiaR 20 Mg RNASUiSicAt @ mBintaidithy

envi ronnent before it" was nounted to the nagnetic recordi ng appar at us.
Speci fi cal | yigidityeofrtagatrben-based gratgctimtiayer aea vwhaleseDuting Idad badirs to a
corrosion environment in a high-tenperature high-hum dity atnosphere kept
at a tenperamnload gfUlYopearations, theé magnetinuetarding hfadrsiidesi torantiofrgmprarS02  gas

i ntroduced therein. Thereafter, the LUL test and the CFT test were
pertorned. FESea@Revethe siaanetisreeerding megium.al if the deiditnghthe earpeadiasedg
medi a, 100 in pumber) were produced. By the use af a head having,a flying
el nt of 1PTARENGN iy ¢ insbiiierictheaBhanele isterdlaa Fusifingnay b tiedpeodd
magnetic regQrdi I : L Cb 1 : i de

ot gnal  moni th<eebies B5¢ iR ERr oK 1i8a8ksd Birho the bl bnyBpdl

el ement) moUsHeAgtidifs. t Mhuae b HHKIIRIL nililPH1RP20 Bndbiorhs AL itRbrdte.  In
magneti c recordi ng nedium Therefore, occurrence of the fly stiction can be
detect ed by drisetoreep/e smeenargirrsifiticastoaneid Hedbaovecmentited géfectiend | y
stiction, the glide test pass ratio is dramatically decreased. Therefore,
t he t endencthickness of therlyarogendted fcaybant protectiondayeris sefenalily eghel twl 3Gle

test pass ratio. As the fly stiction test pass ratio (production yield) is
hi gher, the $1A5HOHIS ¥hMEBRBt is | ower. Thus, a higher pass ratio is desired

but 90% 9 i ficient, |f the fl ti i { ti i
R MR XS AE LW IR R TR
Ex I 2 1 I 2- y [+ Gt €6 j F i . th
Cram |22 2 gAY e AR GBSO e L BL SR LY T

conj uncti on WHBME TRIARIHse! ﬂ%ﬁ%é}girﬁfﬁgzéﬁngﬁgo EaabBcd beKssH thfege

followi ng. Specifically, 1 n Exanples 2, 3, 5, the nitrogenate

car bon pr ot epickness af e ddrbvabaset Prdteetion Myidr esiaghole argl thenthiokfAesa df
containing the Ar gas and the nitrogen gas which had a concentration of
12. 5% 20% theritrogehaded Ladmwrnt protedtion layern faningdhe hikiricagien layert he

ni t rogenat ed carbontgrotection | ayer 4b was equal to at% 7 at9% 8 at%

and 10 at% respedpitheneanmile;, fe) Wi%g&%ffaﬂﬁgowfﬁgdtéﬁsﬁeﬁé’smﬂé@&ﬁ_The
SS‘%P;LLFOL%EEE%QE]‘?%EJ Sz g queijh%ﬁ&?qiggﬂeﬁgéﬁ poed Eyﬁr&%%(; e d
results areliggt}\g' he thi o) _é gl 1a8&P iﬁggrreia
were produce re('}i]go : C%ft_ SJ%@F%@ tﬁ%oﬁ:é B %ﬂgﬂ %ti g‘cggé é %r to
Exanpl e 1 exaane oo SRURE hafint, Asiq Pall b, mEEMCPREEBYED fomy 4,

the nitrogenpeqfAa§RétROBYEF Bé@Féate Ihlctighthé RaYsn-basdd growctiotUb| & fongakisi ng
a m xed gas containing the Ar gas and the nitrogen gas which had a

concent r at i ogutain the%uafaceroftthe heagrsticaatoingiiedigen Thistrsults inrapgenat ed
carbon protection |ayer was equal to 6 at% The flow rate of the m xed gas
was 40 sccm pHendrhenomgamsing corosiodiaidhersdiface of thExnaagrheticdecotding medium

ni trogenated carbon protection |ayer 4b had a thickness of 1 angstrom In

t he magnet i c(medismocaitpsien whialt IsSEramigint atsesons prafdemat ddnosareaking
protection | ayer 4b had a thickness of 15 angstrons. The magnetic recordi ng
medi a thus produced were subjected to characteristic evaluation and
durability tests simlar to those nentioned above. The results are shown in
30 Table 1. Referring to Table 1, consideration will be made of the results
obtai ned in Exanples 1-7. The pin-on-disk test was passed if the nmagnetic
recordi ng medi um survived 800 tines or nore. In all of Exanples 1-7, the
magnetic recordi ng nedi a passed the test. The LUL durability test and the

N . g o e - o NN NN PN



31 Sommar ati veExanples 1 and 2 In Conparative Exanples 1 and 2, magnetic
recordi ng nedia were produced by the use of substrates and a production
process simlar to those described in conjunction with the magnetic
recordi ng medi um of Exanple 1 except the follow ng. Specifically, the
contents of nitrogen in the nitrogenatedl%arbon protection |ayer 4b were
equal to 2 at% and 3 at% in Conparative Exanples 1 and 2, respectively. The
t hi ckness of the nitrogenated carbon protection |ayer 4b was equal to 10
angstrons) PHREADEEERASHY Bgratesio thednagngiicirecerding, head te FaYss erashardiit i on
and durabiliﬁg,tests are shown in Table 1. In Conparative Exanple 3, a
magneti c reé t&th medi um was produced by the use of a substrate and a

agnet i ¢ 1 eor di n et e S, Afie G Hreon i af q?k%é‘%%ﬁ%aﬁats%ﬁa bon
_ | _ P _
Fecordi ng miBe e lad! 8T difed RSP, PRI FRNE) FAREBER, Aol o

process si %%?Fesfe%{érgxﬁgﬁwpﬁd&%%'éhpWeh{brﬁﬂ{‘hé}f‘PEEH folthd But ﬂﬂ?t tROMEH i

recordi ng um o e 1 except the followng. Specitically, like in
Exampl e 6, tcBRoSiohtcmteffctivelyseopreveftddisy 8kélnsioa A nifbded GRePr ot ecti on

| ayer 4b was equal to 6 at% and the nitrogenated carbon protection |ayer 4b
had a thi ckingdrogenakitl earhshprotectidh dayes atibtporiidn adjiacant terthe magretiallayeri on
and durability tests are shown in Table 1. .In Exanples 1-5) the content of
nitrogen in the niSpecifjcaliy, @8 asanparad it 2 ditragen-egrdaining ¢asbbniayeiistchhe
range between 4 at%and 10 at% In this event, no corrosion occurred in the
GWR el enent aéﬂbeﬂﬂéogﬁﬂaﬁ%cmi Wﬁtecﬁﬁnﬂ?ﬁ@rcﬁmheﬂﬁ/ﬁd%@f}?t%ﬁﬁmﬁt@
Exanples 1 and 2, the content of nitrogen in the nitrogenated carbon
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manuf act ured by Ausinont. The results of characteristic evaluation and
durability tests of the magnetic recording nediumin Exanple 8 is not
included in Table 1. The coverage and the bonding ratio were inproved to
94% and 75% respectively. In the pin-on-disk, the LUL, and the CFT
durability tests, the results were 1420 times, 800,000 tines, and 30 days,
respectively. Fromthe above, the lubrication |ayer in the magnetic
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a magnetic layer formed on said substrate; a carbon-based protection |ayer
conprising carbon and fornmed on said magnetic layer; and a |ubrication

| ayer forned on said carbon-based protection |layer; said carbon-based
protection |ayer conprising a rear boundary portion facing said nagnetic

| ayer and a front boundary portion facihy said lubrication |layer, said rear
boundary portion conprising carbon and hydrogen, said front boundary
portion including no hydrogen but conprising carbon and nitrogen. 2. A
magnetic recording nediumas clainmed in Caim1l, wherein said carbon-based
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reproduction output, the corrosion readily occurs as described above.
However, if the content of nitrogen is 4 at% or more, it is possible to
reliably suppress the corrosion of the magnetoresistive read element
and the shield portion. It is also possible to suppress occurrence of the
fly stiction. Thus, the content of nitrogen being 4 at% or more is

suitable for magnetic medium for use in the LUL system.
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109B& () - 7T7nitrsgenwicdadihgAD &% dunfavorable because an outermost surface of the
nitrogenated carbon protection layer is neutralized. Specifically, if the content
of nitrogen exceeds 10 at%, the amount of N filling the dangling bond of C is
increased. As a consequence, the outermost surface of the nitrogenated
carbon protection layer is gradually neutralized and the amount of N* on the
outermost surface is reduced. According to the research by the present
inventors, it has been found out that the outermost surface of the nitrogenated
carbon protection layer is completely neutralized if the content of nitrogen
reaches 10 at%.

If the amount of N* on the outermost surface of the nitrogenated carbon
protection layer is reduced and neutralization proceeds, the magnetic recording
medium is decreased in adsorption of contaminants. It is therefore possible to
suppress deposition of the contaminants onto the surface of the magnetic
recording medium. Thus, in case of the CSS system, no upper limit is required
for the content of nitrogen. However, even if the outermost surface of the
nitrogenated carbon protection layer is completely neutralized, the amount of the
contaminants deposited onto the magnetic recording medium does never reach
zero. Therefore, in the LUL system in which the cleaning function is not
achieved, it is impossible to prevent migration and deposition onto the magnetic
recording head having the negative pressure slider. Rather, it is effective to
increase the adsorption of the contaminants by the magnetic recording medium
within a controllable range, thereby preventing the contaminants deposited onto
the magnetic recording medium from migrating to the magnetic recording head.

According to a third aspect of this invention, there is provided a magnetic
recording medium according to the second aspect, wherein the nitrogenated

carbon protection layer is formed so that the concentration of nitrogen with
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In the nitrogenated carbon protection layer, the content of

nitrogen is preferably not greater than 10 at% because N can be
present. Since the reduction of N’ is started when the content of
nitrogen exceeds 7 at%, the content of nitrogen is, more preferably,
equal to 7 at% or less in order to fully exhibit the effect of an
embodiment of the invention.

In the magnetic recording medium of an embodiment of the
invention, the adsorption of the contaminants is improved as described
above. Therefore, in case where the magnetic recording medium of an
embodiment of the invention is mounted to a HDD (Hard Disk Drive),
the environment inside the HDD is preferably kept at level of Class
1000 or less.

Sometimes, a dynamic action may work between the nitrogenated
carbon protection layer and the hydrogenated carbon protection layer
because these layers are different in film stress, although it depends
upon a production process. The dynamic action works directly if a
definite boundary is present therebetween and indirectly through the
intermediate portion in the thickness direction if no definite boundary is
formed therebetween by the production process in which the contents of
nitrogen and hydrogen are controllably varied continuously or stepwise
in the thickness direction. As a result of the dynamic action working
between the nitrogenated carbon protection layer and the hydrogenated
carbon protection layer, the adhesion strength of the carbon-based
protection layer as a whole may possibly be decreased. In particular,
when the mechanical shock during the LUL operations is accumulated,
the protection layer or film may be peeled off, in cooperation with the
decrease in adhesion strength of the carbon-based protection layer as a
whole.

In order to avoid the above-mentioned decrease in adhesion
strength, the concentration of nitrogen in the nitrogenated carbon
protection layer is
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In an embodiment of the invention, N* present on the surface of
the nitrogenated carbon protection layer facing the lubrication layer
increases the adsorption of the surface of the magnetic recording
medium. Therefore, if the surface of the carbon-based protection layer
is sufficiently covered with the nitrogenated carbon protection layer, the
above-mentioned effect is exhibited.

However, if the thickness of the nitrogenated carbon protection
layer is not greater than 1 angstrom, the coverage is insufficient and a
part of the hydrogenated carbon protection layer facing the magnetic
layer tends to be exposed.

If the thickness of the nitrogenated carbon protection layer is
greater than 15 angstroms, the carbon-based protection layer as a
whole is lowered in abrasion resistance because the nitrogenated
carbon protection layer is low in rigidity. As a consequence, the surface
of the magnetic recording medium is easily damaged due to the
mechanical shock during the LUL operations. In view of the above, the
thickness of the nitrogenated carbon protection layer is selected to be
15 angstroms or less so as to assure the reliability in the LUL system.

According to a fourth aspect of this invention, there is provided a
magnetic recording medium according to the second or the third aspect,
wherein the nitrogenated carbon protection layer has a thickness not
smaller than 1 angstrom and not greater than 15 angstroms.

Herein, the thickness of the nitrogenated carbon protection layer
may be equal to % or less with respect to the carbon-based protection

layer as a whole.



& ()-! LY#10%& ()- COxY: 0! @0% h& ()-8&10% h& ()- Y 10% h& ()- @&10% h& () -
10% h& ()- 10 10 10":dEXY:0' @S 10% h& ()- f 10% h& () - 9SS310% h& () - 10%
h& ()-10% h& ()-310% h& () - d>UdEXY: 0! @ - : 10% h& () - 3+10% h& ()-ff)10%

h& ()-9% 10% h& ()-$9! 10% h& ()-3" 10% h& ()-LZ9:;dE:/ 10 h 10 h8S10% h& () -
9610% h& ()- yY4-10% h& ()- 210% h& ()- 0&L0% h& ()- . 10% h& ()-; <?;

oM / M 10%&' ()-! & 10%u& ()-!x& 10%ms& ()-!| & 10%ms& ()-!" & 10%ms& () -
10%m& ()- 10 h; bEFGHKLr P/ M 10%1& ()-!!i S@ 109%44& ()- & 10%}| & ()- 10mm 10mm
10mm M 10%mm& ()-! M 10%m& ()-Lv_zX6P/!s 1 10944& ()-fls 1 1094J4J& ()-f!i I1
0%l| 4] & Preferdliiva| ghe) -ddnbS@-beEeds’ pyoRidtR®m 10a¥aR’ @p- s&a ~whale 1bas a

Toval & (JSKPEERORel SIHRET bty oRfiariBoath ) the ohboesystam. the

210%0& ( PuNRE T &hE) mb@detio&ggordird Ovediyin NarlbeoemootNedksol that the

210%& (}Iy%&lﬂgﬁgﬁt of the magnetic recording head can be lowered. If the
carbon-based protection layer is formed as a thin film having a
thickness of 70 angstroms or less, it is possible to reduce the magnetic
spacing and to thereby improve the recording density.

If the thickness of the carbon-based protection layer as a whole
exceeds 70 angstroms, the thickness of the hydrogenated carbon film
facing the magnetic layer is consequently increased. However, since
the hydrogenated carbon protection layer applies the stress to the
magnetic layer, care must be taken if the thickness of the carbon-based
protection layer exceeds 70 angstroms.

in an embodiment of the invention, a part of the carbon-based
protection layer which faces the lubrication layer, i.e., the nitrogenated
carbon protection layer may contain phosphorus (P). Inclusion of P is
advantageous because P’ is produced as N* is produced by N. In this
case, the content of P is preferably selected so that the effect of
nitrogen is not decreased.

In an embodiment of the invention, N* present on the surface of
the nitrogenated carbon protection layer has the effect of improving the
coverage and the bonding ratio of the lubrication layer. Preferably, the
coverage is not smaller than 80%.

Thus, by increasing the coverage of the surface of the carbon-
based protection layer (i.e., the surface of the nitrogenated carbon
protection layer) by the lubrication layer, it is possible to reduce a
contaminant adsorption site where a small amount of contaminants (for
example, acidic contaminants) are deposited to the surface of the
magnetic recording medium. Therefore, migration of the contaminants
to the magnetic recording head is suppressed so that the above-
mentioned corrosion can be suppressed.
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According to a fifth aspect of this invention, there is provided a
magnetic recording medium according to any one of the first through
the fourth aspects, wherein the coverage by the lubrication layer is not
smaller than 80%.

If the overage of the surface of the carbon-based protection layer
(i.e., the surface of the nitrogenated carbon protection layer) by the
lubrication layer is not smaller than 80%, the contaminant adsorption
site is reduced. However, following the improvement in coverage, the
less-bonded part of the Ilubrication layer is relatively increased.
Therefore, the bonding ratio must be equal to 70% or more.

The coverage by the lubrication layer being 85% or more is
preferable because the contaminant adsorption site is substantially
completely eliminated. The coverage of 85% or more is highly effective
particular if the magnetoresistive head susceptible to corrosion is used.

In an embodiment of the invention, the bonding ratio of the
lubrication layer is preferably not smaller than 70%.

If the bonding ratio of the lubrication layer is not smaller than
70%, the less-bonded part of the lubricant is reduced. It is therefore
possible to suppress migration of the contaminants to the magnetic
recording head. As a consequence, it is possible to suppress fly stiction
or crash.

According to a sixth aspect of this invention, there is provided a
magnetic recording medium according to any one of the first through
the fifth aspects, wherein the bonding ratio of the lubrication layer is
not smaller than 70%.

In an embodiment of the invention, no specific limitation is
imposed upon the composition of the magnetic layer. However, by the
use of a magnetic material containing Co or Pt easily permeating and
leaking to the surface of the carbon-based protection layer, the effect of
this embodiment is fully exhibited.
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Specifically, the magnetic layer may comprise a CoPt-based alloy,
a CoCr-based alloy, a CoCrPt-based alloy, a CoCrPtTa-based alloy, a
CoCrPtTaB-based alloy, and a CoCrNi-based alloy.

In an embodiment of the invention, no specific limitation is
imposed upon the material of the lubrication layer. However, it is
preferable to use the material having a polar group adapted to form
ionic bond with N* on the surface of the carbon-based protection layer.
Preferably, the lubrication layer comprises a material containing a main
chain of a fluorine-based lubricant PFPE (perfluoropolyether) and a
functional group, such as a hydroxyl group (OH") or a carboxyl group
(COOQOH), having a negative polarity.

More specifically, the Ilubrication layer may be formed by a
lubricant “Fomblin Z-DOL"or “Fomblin Z-TETRAOL” manufactured by
Ausimont. In particular, the lubrication layer containing Z-TETRAOL is
greater in number of hydroxyl groups OH" than the lubrication layer
containing Z-DOL. Therefore, the former has a higher affinity in ionic
bond with N' formed on the surface of the nitrogenated carbon
protection layer so that the effect of an embodiment of the invention is
remarkably exhibited.

Preferably, the lubrication layer has a thickness smaller than 18
angstroms, more preferably not greater than 15 angstroms.

If the thickness of the lubrication layer is not smaller than 18
angstroms, the less-bonded part between the lubrication layer and the
carbon-based protection layer is increased because the lubrication
layer is thick, even if the content of nitrogen in the nitrogenated carbon
protection layer is controlled. In this case, it is difficult to achieve the
bonding ratio of the lubrication layer as high as 70% or more so that fly
stiction easily occurs in the LUL system.

The thickness of the lubrication layer is preferably not smaller
than 5 angstroms.
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If the thickness of the Ilubrication layer is smaller than 5
angstroms, it is difficult to achieve the coverage by the lubrication layer
as high as 80% or more. In case where the magnetoresistive head is
used, the corrosion readily occurs.

According to a seventh aspect of this invention, there is provided
a magnetic recording medium according to any one of the first through
the sixth aspects, wherein the magnetic recording medium has a
principal surface having a surface roughness Ra of 0.7nm or less.

If the surface roughness Ra of the principal surface of the
magnetic recording medium is not greater than 0.7nm, it is possible to
reliably prevent the migration of the contaminants to the magnetic
recording head, even if the flying height of the magnetic recording head
as low as 15nm or less is required in the LUL system.

In case of a flat surface having Ra not greater than 0.5nm, the
flowability of the Ilubrication layer is increased so that the bonding
ration of the lubrication layer is decreased. As a consequence, the
migration of the lubrication layer to the magnetic recording head is
promoted, resulting in easy occurrences of the fly stiction. Therefore, it
is important to prevent the migration according to an embodiment of the
invention as described above.

Preferably, the principal surface of the magnetic recording
medium has a surface roughness Rq not greater than 0.9nm. If Rq
exceeds 0.9nm, the difference in level between protruding and recessed
parts of the surface profile of the magnetic recording medium is
increased. As a consequence, the coverage by the lubrication layer is
decreased.

If the surface roughness Rq of the principal surface of the
magnetic recording medium is not greater than 0.7nm, the coverage of
the lubrication layer is easily increased to 80% or more.

Herein, the surface roughness such as Ra and Rq is defined in
the Japanese Industrial Standard (JIS) B0601.
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In an embodiment of the invention, the substrate is not
particularly restricted. However, a glass substrate high in rigidity and
adapted to ever-increasing recording density is preferable. The glass
substrate includes a chemically strengthened amorphous glass
substrate and a crystallized glass substrate. In particular, a substrate
obtained by chemically strengthening an aluminosilicate glass which
can easily be smoothed is preferable in this embodiment because of
high rigidity and high smoothness.

In order to produce the magnetic recording medium of an
embodiment of the invention, use may be made of sputtering (DC
magnetron sputtering, RF sputtering, or the like), plasma CVD, or ion
beam deposition.

In particular, the carbon-based protection layer can be obtained
by forming the hydrogenated carbon protection film in a mixed gas
atmosphere containing an inactive gas such as Ar (argon) and a
hydrogen-contained gas and thereafter forming the nitrogenated carbon
protection film containing no hydrogen in a mixed gas atmosphere of an
inactive gas and a nitrogen-containing gas containing no hydrogen.

Upon formation of the carbon-based protection layer, the
concentrations of hydrogen and nitrogen in the carbon-based protection
layer can be controlled stepwise or continuously in the thickness
direction thereof. Specifically, while the carbon-based protection layer
is deposited in the mixed gas atmosphere of the inactive gas, the
nitrogen-containing gas, and the hydrogen-containing gas, the mixing
ratio of the nitrogen-containing gas and the hydrogen-containing gas
are controlled.

The nitrogen-containing gas includes a nitrogen gas (N;), a cyan
gas (CNy), a nitric gas (NO3), a nitrous acid gas (NO,), and a mixture
thereof. Use may be made of an ammonia gas (NH;) except the
formation of the nitrogenated carbon protection layer facing the
lubrication layer.
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The hydrogen-containing gas includes a hydrogen gas (H;), a
hydrocarbon gas, such as a methane gas, an ethylene gas, and a
acetylene gas, H;O, and a mixture thereof.

In an embodiment of the invention, it is important to control the
concentration of nitrogen and the concentration of hydrogen in the
carbon-based protection layer. Therefore, it is important to keep
cleanness of the deposition environment (sputtering atmosphere, CVD
atmosphere, or ion beam deposition atmosphere). To this end, the
degree of vacuum is kept at 5x107 Torr or less in each of the
sputtering, the CVD, and the ion beam deposition. In this event, the
effect of this embodiment is fully exhibited.

It is possible to reform a surface layer by implanting nitrogen ions
into the surface of the carbon-based protection layer formed as
mentioned above.

In an embodiment of the invention, the method of forming the
lubrication layer is not specifically restricted. Use may be made of
various known methods, such as dipping, spraying, spin coating, and
vapor deposition. The lubricant as a material of the lubrication layer
may be in a liquid phase or in a solid phase.

Brief Description of the Drawing:

A sole figure is a schematic sectional view showing a film
structure of a magnetic recording medium according to an embodiment
of this invention.

Description of the Preferred Embodiment:

Referring to the figure, a magnetic recording medium 10 at least
comprises a substrate (nonmagnetic substrate) 1, a magnetic layer 3
formed on the substrate 1, a carbon-based protection layer 4 formed on
the magnetic layer 3, and a lubrication layer 5 formed on the carbon-
based protection layer 4.

Among these layers, the carbon-based layer 4 comprises a
hydrogenated carbon protection layer 4a facing the magnetic layer 3
and containing hydrogen and a nitrogenated carbon protection layer 4b
facing the lubrication layer 5 and containing nitrogen and no hydrogen.
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Between the substrate 1 and the magnetic layer 3, a metal layer 2
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comprising a seed layer 2a and an underlayer (nonmagnetic underlayer) 2b is
interposed.

The magnetic recording medium 10 having the above-mentioned
structure will be described in detail in conjunction with examples and
comparative examples. It is noted here that this invention is not restricted to
the following examples.

Example 1

An aluminosilicate glass was formed into a glass disk blank having a
disk-like shape. The glass disk blank was successively subjected to grinding,
precision polishing, and precision cleaning. In addition, the glass disk blank
was chemically strengthened. As a result, the glass substrate 1 having a flat
and clean surface was obtained.

By the use of an AFM (Atomic Force Microscope), the surface
roughness of the glass substrate 1 was precisely measured. In order to obtain
the result of measurement with high accuracy, a square area of 5 um x 5 pm was
selected as a measured area. Furthermore, each side of the square area was
divided into 512 meshes. For each dot, data sampling was carried out.

As a result, the surface roughness of the glass substrate was 5.04 nm in
Rmax, 2.48 nm in Rp, 0.29 nm in Ra, and 0.37 nm in Rq.

The surface of the glass substrate was measured by a probe-type
profilometer (Tencor P2). As a result, the surface profile of the glass substrate
was not accurately measured at the resolution of the above-mentioned
profilometer.

Next, by the use of a stationary sputtering machine (Circulus M12), the
seed layer 2a, the underlayer 2b, the magnetic layer 3, and the carbon-based

protection layer 4 were deposited on the glass substrate 1 in this order.
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At first, the seed layer 2a having a thickness of 300 angstroms was

deposited on the glass substrate 1 by the use of an NiAl (Ni: 50 at%, Al: 50 at%)
alloy as a sputtering target.

Next, by the use of a CrMo (Cr: 80 at%, Mo: 20 at%) alloy as a
sputtering target, the underiayer 2b having a thickness of 100 angstroms was
deposited on the seed layer 2a.

Then, by the use of a ferromagnetic alloy consisting of 20 at% Cr, 12
at% Pt, 1 at% Ta, 5 at% B, and the balance Co as a sputtering target, the
magnetic layer 3 having a thickness of 150 angstroms was deposited on the
underlayer 2b.

The carbon-based protection layer 4 was formed by the hydrogenated
carbon protection layer 4a and the nitrogenated carbon protection layer 4b.
Specifically, the hydrogenated carbon protection layer 4a having a thickness of
55 angstroms was deposited on the magnetic layer 3 by the use of a carbon
target in a mixed gas atmosphere containing a pure Ar gas and a hydrogen gas
added thereto so that the content of the hydrogen gas is equal to 30%. Then, in
a mixed gas atmosphere containing a pure Ar gas and a nitrogen gas, the
nitrogenated carbon protection layer 4b containing no hydrogen was deposited
to the thickness of 10 angstroms. Thus, the carbon-based protection layer 4
was formed.

In order that the content of nitrogen with respect to carbon was equal to
4 at% in the nitrogenated carbon protection layer 4b, use was made of a mixed
gas in which the concentration of the nitrogen gas with respect to the Ar gas was
equal to 8.5%. The flow rate of the mixed gas was 40 sccm.

In order to precisely control the concentration of nitrogen and the
concentration of hydrogen, the nitrogenated carbon protection layer 4b was

sputtered in a clean sputtering atmosphere at the vacuum degree of 4.8 x 10”7

Torr.
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Next, Fomblin Z-DOL manufactured by Ausimont as a lubricant was
applied onto the carbon-based protection layer 4 by dipping to form the
lubrication layer 5 having a thickness of 9 angstroms. Thus, the magnetic
recording medium 10 in Example 1 was obtained.

The magnetic recording medium 10 thus obtained was subjected to
characteristic evaluation and durability tests,

In the characteristic evaluation, the content of nitrogen with respect to
carbon in the nitrogenated carbon protection layer 4b, the contents of hydrogen
and nitrogen in the hydrogenated carbon protection layer 4a, the coverage by
the lubrication layer 5, and the bonding ratio of the lubrication layer &5 were
evaluated in the following manner.

As the durability tests, a pin-on-disk durability test, a LUL durability test,
a CFT (Constant Flying Test) durability test, a corrosion test for a GMR element
portion and a shield portion of a magnetic recording head, and a fly stiction test
were carried out.

The results of the characteristic evaluation and the durability tests are
shown in Table 1.

The content of nitrogen in the carbon-based protection layer 4 was
measured by the X-ray electron spectroscopy for chemical analysis (ESCA).
The content of hydrogen was measured by the hydrogen forward scattering
spectrometry (HFS).

The contents of hydrogen and nitrogen in the hydrogenated carbon
protection layer 4a were measured by the use of an intermediate product
obtained by the use of the similar glass substrate and the similar production
process and comprising the hydrogenated carbon protection layer 4a and the
lower layers (i.e., without the nitrogenated carbon protection layer 4b and the

lubrication layer 5).
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The thickness and the coverage of the lubrication layer 5 were
measured by the X-ray electron spectroscopy described in United States Patent
No. 6,099,981,

The bonding ratio of the lubrication layer 5 was calculated as follows.

At first, the thickness (t1) of the lubrication layer 5 was preliminarily measured by
the FTIR (Fourier Transform InfraRed spectroscopy). Next, the magnetic
recording medium 10 was dipped in a solvent (Vertrel XF manufactured by
DuPont) for one minute to dissolve a part of the lubrication layer 6§ which was not
bonded to the carbon-based protection layer 4. Thereafter, the magnetic
recording medium 10 was lifted at a lifting rate of 6cm/min. Then, the thickness
(t2) of the lubrication layer 5 which still remains was measured by the FTIR again.
The ratio of the thickness (t2) of the lubrication layer 5 after dipping with respect
to the thickness (t1) of the lubrication layer 5 before dipping was calculated as
the bonding ratio of the lubrication layer 5.

Thus, the lubrication layer 5 was partly dissolved into the solvent. The
lubrication layer 5 remaining after dipping was recognized as a bonded part
bonded to the carbon-based protection layer 4.

The pin-on-disk test was carried out in the following manner. In order to
evaluate the durability and the abrasion resistance of the carbon-based
protection layer 4, an Al,O,-TiC ball having a diameter of 2 mm was pressed
against the carbon-based protection layer 4 of the magnetic recording medium
10 under the load of 15g at a radial position of 22 mm and the magnetic
recording medium 10 was rotated. Thus, the Al,O,-TiC ball and the carbon-
based protection layer 4 were relatively rotated at the rate of 2 m/sec in frictional
contact with each other. The number of times of rotation before the carbon-

based protection layer 4 was broken was measured.
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the carbon-based protection layer 4 was broken was equal to 800 or more.

Generally, the magnetic recording head is not brought into contact with
the magnetic recording medium 10. Therefore, the pin-on-disk test is a
durability test under a severe environment as compared with the actual
operating environment.

The LUL test was carried out in the following manner. The magnetic
recording medium 10 and a magnetic recording head having a giant
magnetoresistive read element (GMR element) were mounted to a magnetic
recording apparatus. The flying height of the magnetic recording head during
operation at a flying position was 12 nm. The environment inside the magnetic
recording apparatus was a high-temperature high-humidity severe environment
at the temperature of 70°C and the relative humidity of 80%. LUL operations
were consecutively carried out 800000 times.

When the number of times of the LUL operations reached 800000 or
when any failure occurs during the LUL durability test, the magnetic recording
medium 10 and the magnetic recording head were taken out from the magnetic
recording apparatus. By visual observation under a high-brightness halogen
lamp and by observation using an optical light microscope (OLM) having a
maghnification of 50, the surface of the magnetic recording medium 10 and a
slider portion, a GMR element portion, and a shield portion of the magnetic
recording head were examined. Furthermore, the GMR element portion and
the shield portion were precisely examined by a scanning electron microscope
(SEM) at a magnification of 10000 in order to detect very small corrosion.

The LUL durability test was passed if the LUL operations could
consecutively be carried out 600000 times or more.

In the magnetic recording apparatus generally used, it will take 10 years

before the number of repetition of the LUL operations reaches 600000 times.
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The CFT test was carried out as follows. The magnetic recording
medium 10 and the magnetic recording head with the giant magnetoresistive
read element (GMR element) were mounted to the magnetic recording
apparatus. The flying height of the magnetic recording head during operation at
a flying position was 12 nm. The environment inside the magnetic recording
apparatus was a high-temperature low-humidity severe environment at the
temperature of 70°C and the relative humidity of 5%. The magnetic recording
head was fixed to a specific radial position above the surface of the magnetic
recording medium and was kept operated at a flying position for consecutive 30
days.

When the number of consecutive days reached 30 days or when any
failure occurs during the CFT durability test, the magnetic recording medium and
the magnetic recording head were taken out from the magnetic recording
apparatus. By visual observation under the high-brightness halogen lamp and
by observation using the optical light microscope (OLM) having a magnification
of 50, the surface of the magnetic recording medium 10 and the slider portion,
the GMR element portion, and the shield portion of the magnetic recording head
were examined. Furthermore, the GMR element portion and the shield portion
were precisely examined by the scanning electron microscope (SEM) at the
magnification of 10000 in order to detect very small corrosion.

The CFT test was passed if the magnetic recording medium 10 survived
consecutive 14 days or more. The survival after the consecutive 14 days of the
CFT durability test corresponds to actual use for about 10 years in an ordinary
environment of the magnetic recording apparatus.

In the magnetic recording apparatus, the magnetic head carries out a
seeking operation and is not continuously kept operated at flying position at the
specific radial position. Therefore, the CFT test is a durability test under a

severe condition as compared with the actual use environment.
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In the examples and the comparative examples, more severe test
conditions were achieved by promoting the phenomenon that a small amount of
deposited substances on the surface of the magnetic recording medium 10
migrate to the magnetic recording head and is condensed and deposited on the
magnetic recording head. Specifically, in the LUL test and the CFT test, the
magnetic recording medium was exposed to a SO, gas atmosphere to deposit
sulfuric acid ions SO, onto the surface of the magnetic recording medium
before it was mounted to the magnetic recording apparatus.

In order to accelerate leakage of metallic ions (such as Co and Pt) from
the magnetic layer, the magnetic recording medium was held in a high-
temperature high-humidity environment before it was mounted to the magnetic
recording apparatus.

Specifically, the magnetic recording medium was exposed for 12 hours
to a corrosion environment in a high-temperature high-humidity atmosphere kept
at a temperature of 40°C and a relative humidity of 75% with 10 ppm SO, gas
introduced therein. Thereafter, the LUL test and the CFT test were performed.

For the fly stiction test, a plurality of magnetic recording media, 100 in
number, were produced. By the use of a head having a flying height of 10 nm,
a full-face glide test was carried out for the 100 magnetic recording media.

Upon occurrence of the fly stiction, a glide signal monitored by an AE (Acoustic
Emission) sensor (piezoelectric element) mounted to the head suddenly
diverges in all tracks of the magnetic recording medium. Therefore, occurrence
of the fly stiction can be detected by observation using an oscilloscope. Upon
occurrence of the fly stiction, the glide test pass ratio is dramatically decreased.
Therefore, the tendency of occurrence of the fly stiction can be seen by the glide
test pass ratio.

As the fly stiction test pass ratio (production yield) is higher, the

production cost is lower. Thus, a higher pass ratio is desired but 90% or more
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is sufficient. If the fly stiction test pass ratio is 80%, the production cost is
increased but falls within an allowable range.
Examples 2-5
In Examples 2-5, magnetic recording media were produced by the use of
substrates and a production process similar to those described in conjunction
with the magnetic recording medium of Example 1 except the following.
Specifically, in Examples 2, 3, 4, and 5, the nitrogenated carbon protection layer
4b was formed by sputtering using a mixed gas containing the Ar gas and the
nitrogen gas which had a concentration of 12.5%, 20%, 24%, and 31% so that
the content of nitrogen in the nitrogenated carbon protection layer 4b was equal
to 5 at%, 7 at%, 8 at%, and 10 at%, respectively. The flow rate of the mixed
gas was 40 sccm. The magnetic recording media thus produced were
subjected to characteristic evaluation and durability tests similar to those
mentioned above. The results are shown in Table 1.
Examples 6 and 7
In Examples 6 and 7, magnetic recording media were produced by the
use of substrates and a production process similar to those described in
conjunction with the magnetic recording medium of Example 1 except the
following. Specifically, in both of Examples 6 and 7, the nitrogenated carbon
protection layer 4b was formed by sputtering using a mixed gas containing the Ar
gas and the nitrogen gas which had a concentration of 16% so that the content
of nitrogen in the nitrogenated carbon protection layer was equal to 6 at%. The
flow rate of the mixed gas was 40 sccm. In the magnetic recording medium of
Example 6, the nitrogenated carbon protection layer 4b had a thickness of 1
angstrom. In the magnetic recording medium of Example 7, the nitrogenated
carbon protection layer 4b had a thickness of 15 angstroms. The magnetic
recording media thus produced were subjected to characteristic evaluation and

durability tests similar to those mentioned above. The results are shown in
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Table 1.

Referring to Table 1, consideration will be made of the resuits obtained in
Examples 1-7. The pin-on-disk test was passed if the magnetic recording
medium survived 800 times or more. In all of Examples 1-7, the magnetic
recording media passed the test.

The LUL durability test and the CFT test were passed if the magnetic
recording medium survived 600,000 times or more and 14 days or more,
respectively. In all of Examples 1-7, the magnetic recording media passed the
tests.

As the content of nitrogen in the nitrogenated carbon protection layer 4b
was increased and exceeded 7 at%, the pin-on-disk durability tends to be
gradually decreased. Therefore, it is understood that the content of nitrogen on
the surface of the nitrogenated carbon protection layer 4b preferably falls within
a range between 4 and 7 at%.

In all of Examples 1-7, the content of hydrogen in the hydrogenated
carbon protection layer 4a was equal to 15 at%. No nitrogen was detected at
all.

Furthermore, measurement was made by the use of the X-ray electron
spectroscopy for chemical analysis (ESCA) and the hydrogen forward scattering
spectrometry (HFS). As a result, it was confirmed that, in all of Examples 1-7,
the concentration of nitrogen in the nitrogenated carbon protection layer 4b is
lower than the concentration of hydrogen in the hydrogenated carbon protection
layer 4a as shown in Table 1. In this event, the difference in film stress between
the nitrogenated carbon protection layer 4b and the hydrogenated carbon
protection layer 4a was reduced. It would therefore be possible to prevent
decrease in adhesive strength of the carbon-based protection layer 4 as a

whole.
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Comparative Examples 1 and 2

In Comparative Examples 1 and 2, magnetic recording media were
produced by the use of substrates and a production process similar to those
described in conjunction with the magnetic recording medium of Example 1
except the following. Specifically, the contents of nitrogen in the nitrogenated
carbon protection layer 4b were equal to 2 at% and 3 at% in Comparative
Examples 1 and 2, respectively. The thickness of the nitrogenated carbon
protection layer 4b was equal to 10 angstroms, like in Examples 1-5. The
results of characteristic evaluation and durability tests are shown in Table 1.

Comparative Examples 3 and 4

In Comparative Example 3, a magnetic recording medium was produced
by the use of a substrate and a production process similar to those described in
conjunction with the magnetic recording medium of Example 1 except thét the
nitrogenated carbon protection layer 4b was not formed.

In Comparative Example 4, a magnetic recording medium was produced
by the use of a substrate and a production process similar to those described in
conjunction with the magnetic recording medium of Example 1 except the
following. Specifically, like in Example 6, the content of nitrogen in the
nitrogenated carbon protection layer 4b was equal to 6 at% and the nitrogenated
carbon protection layer 4b had a thickness of 20 angstroms. The results of

characteristic evaluation and durability tests are shown in Table 1.

In Examples 1-5, the content of nitrogen in the nitrogenated carbon

protection layer 4b fell within the range between 4 at% and 10 at%. In this
event, no corrosion occurred in the GMR element and the shield portion. On
the other hand, in Comparative Examples 1 and 2, the content of nitrogen in the
nitrogenated carbon protection layer 4b was smaller than 4 at%. In this event,

corrosion occurred in the GMR element and the shield portion.
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Consideration will be made of fly stiction. In Examples 1-5, the content
of nitrogen in the nitrogenated carbon protection layer 4b fell within the range
between 4 at% and 10 at%. In this event, the pass ratio in the fly stiction test
was not lower than 80%. On the other hand, in Comparative Examples 1 and 2,
the content of nitrogen in the nitrogenated carbon protection layer 4b was
smaller fhan 4 at%. In this event, the pass ratio in the fly stiction test was
decreased to less than 80%.

ri e a - ' -

In Examples 1-5, the coverage of the lubrication layer 5 was not smaller
than 80%. In this event, the occurrence of corrosion in the GMR element and
the shield portion was 0%. On the other hand, in Comparative Examples 1-3,
the coverage of the lubrication layer 5 was smaller than 80%. In this event, the
occurrence of corrosion in the GMR element and the shield portion was
increased.

Therefore, it was found out that the coverage of the lubrication layer 5 is
preferably not smaller than 80% and, in this event, no corrosion occurs in the

GMR element and the shield portion.

In Comparative Example 3, the thickness of the nitrogenated carbon

protection layer 4b was equal to zero. In this event, corrosion and fly stiction
occurred and the coverage and the bonding ratio of the lubrication layer 5 were
decreased.

On the other hand, in Comparative Example 4, the thickness of the
nitrogenated carbon protection layer 4b was not smaller than 20 angstroms. In
this event, corrosion and fly stiction did not occur and the coverage and the
bonding ratio of the lubrication layer 6 were improved. However, various
durability tests, such as the pin-on-disk durability test, the LUL durability test,

and the CFT durability test were not passed.
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Example 8

In Example 8, a magnetic recording medium was produced by the use of
a substrate and a production process similar to those described conjunction with
the magnetic recording medium in Example 1 except the following. Specifically,
the lubricant of the lubrication layer in the magnetic recording medium of
Example 1 was replaced by Z-TETRAOL manufactured by Ausimont.

The results of characteristic evaluation and durability tests of the
magnetic recording medium in Example 8 is not included in Table 1. The
coverage and the bonding ratio were improved to 94% and 75%, respectively.

In the pin-on-disk, the LUL, and the CFT durability tests, the results were 1420
times, 800,000 times, and 30 days, respectively. From the above, the
lubrication layer in the magnetic recording medium of this invention is preferably
formed by the use of a Z-TETRAOL series lubricant or a lubricant containing the
same.

According to this invention, migration of contaminants to the magnetic
recording head can be suppressed. Therefore, in the LUL system also,
corrosion and fly stiction can be suppressed. In addition, the durability is high.
It is therefore possible to achieve a high production yield and a high recording

density.
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layer;

said carbon-based protection layer comprising a rear boundary
portion facing said magnetic layer and a front boundary portion
facing said lubrication layer, said rear boundary portion comprising
carbon and hydrogen, said front boundary portion including no
hydrogen but comprising carbon and nitrogen.

2. A magnetic recording medium as claimed in Claim 1,
wherein said carbon-based protection layer comprises a
hydrogenated carbon protection layer facing said magnetic layer as
said rear boundary portion and a nitrogenated carbon protection
layer facing said lubrication layer as said front boundary portion,
said hydrogenated carbon protection layer comprising carbon and
hydrogen, said nitrogenated carbon protection layer including no
hydrogen but comprising carbon and nitrogen.

3. A magnetic recording medium as claimed in Claim 2,
wherein said nitrogenated carbon protection layer is formed so that
the concentration of nitrogen with respect to carbon falls within a
range not smaller than 4 at% and not greater than 10 at%.

4. A magnetic recording medium as claimed in Claim 2,
wherein said nitrogenated carbon protection layer has a thickness
not smaller than 1 angstrom and not greater than 15 angstroms.

5. A magnetic recording medium as claimed in Claim 1 or 2,
wherein said lubrication layer has a coverage which is not smaller
than 80%.
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