21 August 2006 1 MAGNETI C RECORDI NG MEDI UM Background of the Invention

- This invention relates to a magnetic recording medi um f or2l fegust 47G6g
information and, in particular, to a magnetic disk to be nounted to a HDD
(Hard Disk Drive) and the like. In a conventional magnetic disk drive, use
has been made of a CSS (Contact Start &nd Stop) system In the CSS system
a magnetic recording head rests on a surface of a nagnetic recording :
mediumin contact with its inner-dianeter area as a contact sliding zone

when the rotation of th neti ' ' IS, stopped. During
start-up, the magnetic M fﬁééh'égﬁéﬁ@@égg@@m%@' contact sliding zone
in contact therewith to be slightly lifted-up. Wen the magnetic recording

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 slidiBbackoneund afefinsd iedentioaddition to the read/ wite zone. In ‘

the CSS system the magnetic systemrecording mediumis provided with a
roughened surface, called a textured surface, having a predetern ned
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Unl oad) ceydaemwith its inner-diameter area as a contact sliding zone when the
rotation of the magnetic recording medium is stopped. During start-up,
the magnetic recording head slides over the contact sliding zone in
contact therewith to be slightly lifted-up. When the magnetic recording
head reaches a read/write zone located outside the contact sliding
zone, a read or write operation is started. In the above-mentioned CSS
system, the contact sliding zone is required in addition to the read/write
zone.

In the CSS system, the magnetic system recording medium is
provided with a roughened surface, called a textured surface, h-aving a
predetermined surface roughness in order to avoid adhesion between
the magnetic recording medium and the magnetic recording head when
the rotation of the magnetic recording medium is stopped.

In the CSS system, the magnetic recording medium must be
protected from a damage resulting from contact sliding (or frictional
sliding) of the magnetic recording head. To this end, the surface of the
magnetic recording medium is coated with a carbon-based protection
layer and lubrication layer is applied |




all owing a remarkabl e increase in storage capacity. In the LUL system the
magnetic recording head rests on an inclined support, caldledmgustZi9p,

. located outside the magnetic recordi ng medi um when the rotation of the
magnetic recording nediumis stopped. During start-up, the magnetic
recording head slides fromthe ranp to an area above the surface of the
magnetic recording nediumafter the rotation of the magnetic recording
mediumis started. Thus, in the LUL system the magnetic recordi ng head

does not _slante thy earbohbamangibidetioh 8@ Us s Bl JabarBBL date e evi th. I n

the LUL system it is unnecessary to provide e nmagnetrc g nedium
with the alii®Bb8066nti oned contact sliding zone required in the CSS system
for the magnetic recording head to slide thereon. Therefore, the LUL

system i s advant &jethesother hand, usesisreostitiy inhde oPRALUII (Lid2@ URBAES bfstem
recording nediumis wi dened and the storage capacity of the nagnetic
recordi ng REAMNG aremarabiainsteass inatpragedapatity. t He theSBUS Wi, the the LUL
system the magnetic recording medium and the nmagnetic recording head do
not cont actM3PTGICIEEPrdNtBead Terds engndnciings suppoet, icalled acam, figatetli um need

not have t . ured surface required in the CSS systemand is inproved
in snoot hngggélg%eamégﬂgﬁ%m@? irpegivnywhen theratatiorneftheveagnéton f 1 yi ng
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operation at a flying position. 21 Alugust pon te
corrosion the LUk systadh, ¢he magnetiorrbtomdiny héét?dﬂ@&ﬁ@félfaercﬁfé?rtﬁ% F}Qard?x%g , an
ent, Treadi' ng

output level of a readout signal is decreased. In this ev
errors frefRrOHEING edium iamdntadtieeremith, a readi ng operation is conpletely
i npossi ble. A Cﬁ{r\rﬂﬁde@ part maybe enlarged to damage the magnetic
recor di ng medi u Pl systamg s LBneesssany tegprowiak the noggnieticadesidiy {1 i ng
posi tion. &?erjn)(nnﬁ'ltt ct ibon IS at_é)he omenon that, while the magnetic
recor di ng WS € anove-mentioned contact sliding zone required in the CSS
system for the magnetic recording head to slide thereon. Therefore, the' LUL
system is advantageous in that the read/write zone of the magnetic recording
medium is widened and the storage capacity of the magnetic recording medium
is increased as compared with the CSS system.
In the LUL system, the magnetic recording medium and the magnetic
recording head do not contact with each other, Therefore, the magnetic
recording medium need not have the textured surface required in the CSS
system and is improved in smoothness. As a consequence, it is possible to
achieve a low flying height (15 nm or less) of the magnetic recording head as
compared with the CSS system and to thereby improve the recording density of
the magnetic recording medium.
With the transition from the CSS system to the LUL system, however,
the magnetic recording head suffers corrosion of a read element portion thereof

“and frequent occurrence of fly stiction during operation at a flying position.




Is pperated at a flying position, its flying posture and/or its flying
height is varied. This results in frequent occurrence of2ljfpmgid0dp :
variation in output level of the readout signal. Sonetines, the nagnetic
recording head at a flying positoin is brought into contact with the
magneti c recording nediumto cause crasB so that the nagnetic recording
mediumis broken. The fly stiction often occurs suddenly w thout any sign
or precursory condition and is one of defects which are difficult to
control. As a rebgpp asturreseaoé horresien iy bheoradiglomenbperticavd the ari fi ed t he
factors causing frequent, occurrence of the above-nentioned defects in the
LUL syst enfinagnglie gecaidinghgad, anautpelgaeeliof areadeut signakigdlegmased. NivaB
slider (Negative Pressure Air_Bearing slider) easjily controlled in flying
hei ght . | niflieeVeRigFRATIRS FEOE HFRUEHUEREHT SpHeAPBtTIes, Reeading EPpRioBLI ¢ |
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~ pressure, ﬂﬁﬁg ditehi ¢ recording head gradually collects, like a cleaner,
t he deposite ubstances and the lubrication |ayer conprising a highly
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and deposited on the slider surface as contam nants. aresult o
resear ch big dgeratedestenflying pesitionsits fiyinh pastuee antiforits Mying héibpt is vagedSS

system has a cl eaning function of cleaning these contam nants 21 August
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recording head. Specifically, when the magnetic recording head slides over
the cont acteagioulipighal. z crrmetimeretheunagraticopceriingrigadat e flyingarasitali isedi um
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are difficult to control. :
As a result of research, the present inventors have clarified the factors
causing frequent occurrence of the above-mentioned defects in the LUL system.
in recent years, the magnetic recbrding head uses a NPAB slider
-(Negat'ive Pressu.re Air Bearing slider) easily controlled in flying height. In the
magnetic recording head of the type, a negative pressure is produced on a slider
surface during operation at a flying position. On the other hand, a very small
- amount of organic and inorganic substances are deposited in the read/write
zone on the surface of the magnetic recording medium as deposited substances.
Under the above-mentioned negative pressure, the magnetic recording head
gradually collects, like a cleaner, the deposited substances and the lubrication
layer comprising a highly flowable lubricant.  The deposited substances thus
collected are condensed and deposited on the slider surface as contaminants.
As a resuit of research by the present inventors, it has been foﬁnd out

that the CSS system has a cleaning function of cleaning these contaminants




cl eaning function, the contam nants migrating to and condensed in the
magnetic recording head, particularly, acidic contan nafldAugwst?®é sul fate
contam nants, <chloride contam nants, and nitride contam nants cause
corrosion of the read elenent portion. In particular, a nagnetoresistive
read el ement (for exanple, MR GVR, TI¥ R el ements) capable of obtaining a
hi.gh output |evel is susceptible to corrosion. Unlike a thin-film head

whi ch has traditionally been used, the magneto resistive head has a

read/ wri t en(iReltingdpam dhe magnetic reeordingvhedivnato theirmagreétismenording head ead

el ement are separated. In case of the read/ wite separate structure, it is
‘necessary Bpecifeaiia whiendhgimagnetisirecosiinghaas stides par e coptast siding Fe- Ni |
bet ween the read ﬁnd the r %% el ements. Since Pernmalloy is an qkl?%b
suscept i bl €00® Opdhe S¥iigRe magRetioreeardingaediamdn Aegiact herpwyinyt
protected from corrosion he thin-film
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stiction. 21 August 20 If the anmount of those deposited substances or

cont am nanecordingtrhediipgineddntadt glesrediithg head reaches a predeterm ned |evel,
the deposited substances will fall down onto the nagnetic recording
-medi'um t o cause Thasdmvestidishavedousd)pnat thatriadbe dithgsysta withooptheat ed at a
flying position. Furthernore, the inprovenent in snoothness of the surface
of the maggening fusetionithg capteminamntsimigrating tonand eendanseddn the magnetic UL

system further,
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' element portion. In particular, a magnetoresistive read element (for example,
- MR, GMR, TMR elements) capable of obtaining a high output level is susceptible
to corrosion.
Unlike a thin-film head which has fraditionally been used, the
magnetoresistive head has a read/write (R/W) separate structure in which a
write element and a read element are separated. In case of the read/write
separate structure, it is necessary to form a wide shield of, for example,
Permalloy such as Fe-Ni, between the read and the read elements. Since
Permalloy is an alloy susceptible to corrosion, the magnetoresistive head must
strictly be protecfed from corrosion, unlike the thin-film head.
Since the above-mentioned cleaning function is not achieved in the LUL
system, the lubricant forming the lubrication layer of the magnetic recording
medium tends to migrate and be deposited on the magnetic recording head.
The lubricant of the magnetic recording medium, thus migrating and deposited
onto the magnetic recording head, tends to seriously disturb the flying posture of

the magnetic recording head, resulting in occurrence of the fly stiction.




found out that the decrease in flying height of the magnetic recording
head al so promptes the above-nentioned migration. From tRd Augwe2d8ént i oned
reasons, a low flying height not greater than 15nm can not stably be
achieved in the LUL systemunless the above-nentioned mgration is
suppressed. Sunmary of the Invention It¥is an object of an enbodi nent of
the invention to provide a nmagnetic recordi ng nedi um capabl e of
suppressing mgration of contam nants remarkable in a disk drive operated
in the LUL sylgt Em and cgp?bl e of suppressing adhesion and fly stiction of
a magnetic redBfIPMPHRLET those dappRitpdoBpbstaneea o mantaminands ohe

| nvent i dhel anpgnstite PecoRinG | FealCofedNed el YRAUENAM Fibd I RITdCCH Lence
of fly s icti.ge[l or_.other de ecis even if the flying height of a magneric
recor di A ARNHEEH s suhstapges Wil 5{alordowss onto | thest magaatichereasiding of
an enbodhediimofo a1\ eABhOWHIR: tREOM &lfn&tit SEUY At LAP{OY

producti ?n ?ﬁ el d of# magnetic recordi nég:gEnrreéi um @ﬁg?@%épﬂ%ﬁpﬁ? %r
researcft A RY'BIRRIIGMvent ors have reveal ed that inorganic and organic
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part of a |ubr.ication, Ialﬁer_are prevented fromm grati to a
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| ayer by inclusion of, nitrogen So that surface adsorptronis increased.
Speci fi FTGRNIC SHBS NGRS s denasitedd om the cswtfenebastd theotmaginatid ayer

in the botoghHny pdiuah aaweng P il n). .ar
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~ionic bfswhaviédt tHePARB Gécﬁé'§§éaﬂfﬁ‘§(iﬂﬂ EB?gaﬁ%ffat%ee %ahﬂ%ti@?éﬁéic@ng
recordlﬁ% HEdI um %'%artlcul arly, acidic cont™am nant's” SUCH as su {
cont anmi RER Sal(spopr 2igedhesabove-mentioned migration.
From the above-mentioned reasons, a low flying height not
greater than 15nm can not stably be achieved in the LUL system unless
the above-mentioned migration is suppressed.

Summary of the Invention :

It is an object of an embodiment of the invention to provide «
magnetic recording medium capable of suppressing migration of
contaminants remarkable in a disk drive operated in the LUL system
and capable of suppressing adhesion and fly stiction of a magnetic
recording head.

It is another object of an embodiment of the invention to provide a
magnetic recording medium prevented from occurrence of fly stiction or
other defects even if the flying height of a magnetic recording head is
as small as 15nm or less.

It is still another object of an embodiment of the invention to
provide a technique of improving a production yield of a magnetic
recording medium.

As a result of further research, the presént inventors have
revealed that inorganic and organic contaminants deposited on a

- magnetic recording medium and a less-bonded . part of a lubrication
layer are prevented from migrating to a ' |




and S04 2-), chloride contam nants (for exanple, C-), and nitride

contam nants (for exanple, NO3-) to adsorb these substantleduguss2QP6
consequence, it is possible to suppress mgration of the deposited
substances on the surface of the nagnetic recording nmediumto a magnetic
recording head. In the neanwhile, a |ubficant form ng the lubrication |ayer
has, as a termnal group, a functional group having a negative polarity,
for exanple, a hydroxyl group (OH) and a carboxyl group (COOK). These

f unct i onal mpgoefie re¢radmgnhesd disedace aalivityfdfiandarhonibesediprotettien yer s, t he
bonding rati o between the carbon-based protection |ayer as a whole and the
| ubri cati oicregesd ing bogydang portien taging thedubricatianilayerdsy inslisiamdfi cat i on

| ayer to the nmagnetic recordi head.is suppressed. Furthernore, because
the ter ni nAIrogeERE? that ¢ q’eaﬁigg‘?f&ﬂ?“ Imigcreasedre high in electrical affinity
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protection ayer 1 the boundary portion facing the lubrication |ayer, C

(carbon) agépbbitddeitistatits @ thebourtirg dfithé headretiodecordiry knediuns,o that a
dangling bond (unbonded hand) of Cis filled by H The bond between C and

His el ect parisulayly, acidicraintaminamthydcioge salfate coatamimahtd (fopeample, 84 ch
carbon atons arezbondeo_l with hydrogen atons is present, even in a very
smal | anouand SO, Dhehlodde eantasainaatsfatexampe CHy end iniiridaoptumoants porti on
facing the |ubrication lLayer, the hydrogenated carbon film part and pol ar

groups of {fee examplexiNGal © adrerb fesq sihstanges. iR RRNIRAUENES dhis _
R B R S R
e AR AU R SR R, Y o™
: In the meanwhile, a lubricant forming the lubrication layer has, as a
terminal group, a functional group having a negative polarity, for example, a
hydroxy! group (OH") and a carboxyl group (COOH’). These functional groups
* have high electrical affinity with N*. Therefore, the bonding ratio between the
carbon-based protection layer as a whole and the Iubricafion layer is improved
so that the migration of the lubrication layer to the magnetic recording head is
suppressed. Furthermore, because the terminal group of the lubricant and N*
are high in electrical affinity with each other, coverage of the !_ubrication layer can
be improved so that the deposition of the acidic contaminants and the like onte
the surface of the magnetic recording medium can be suppressed.
However, it has been found out that, if hydrogen is contained in the
carbon-based protection Iayér in the boundary portion facing the lubrication layer,

the above-mentioned effect attained by inclusion of nitrogen does not

substantially work.




portion facing the lubrication |layer, the contam nants and the | ubricant
easily mgrate to the magnetic recording head by a negat?iaugse2®er e

i nduced by a negative pressure slider of the nagnetic recording head. In
vi ew of the above, the carbon-based protection |ayer preferably contain no
hydrogen in the boundary portion facing7the lubrication |ayer. Herein, the
techni que di sclosed in the above-referred Japanese patent No. 3058066 w ||
be consi dered. The carbon-based protection layer in this - technique has an
out er nost pr ot eciSpegifichilyniliotpogen BEontdined in thedrzobem-based protettiangen. |1 n

ot her words, the carbon-based protection |ayer has an outernost surface

conpri si ng layemiix the boafidary pertiemfacing thgdubricajien layerhGdcadenaanad Har bon

| ayer, and a hydrogenated nitrogenated carbon | ayer. Because of the above-
ment i oned (lydrogen) are bontidd indhe boundaryiparion se Hate dangingdiangbl y prevent
corrosion and fly stiction of a read el epent portion, I%ﬂ%lti%scﬁl[“ ar |

magnet or esienhanseddaand)efdis e dh dhe boBdibeaYeeR bha qcicaflyy
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éﬁgigh;ﬁzé%ﬁﬁ’ﬁﬁgé AreRenbiatnt Rbn Tha verlema !aﬁ?@ﬁgﬁc}ﬁg??@i‘f ore. the
ot ot ancs DR ROEElbA Ty W iheBouhddiPh i tabhb Ind WENCARORRIRR the

contains Ipygr ted) cARRIN RN RAYANERpYIaP QF U o tRE IcBatdniRaAREHIRIthe | ayer .

Specifically, thhe carbon nitrogen |ayer i's soft and | ow in abrasion

resi st ance |@sriceptBdkecho\hidie tihdn intethmgensacidraabomhbeeaese theherefore,  if
hydrogen is contained in the carbon-based protection |layer in a base

portion théwydndgenated carbont file feotisddestripaliyt neuirdlacThe inteenotagulat focce ayer ,

a high rigidity of the carbon-based protection_|ayer as_a whaole can be
assured. Aboddds weaker than thetionishend. offherafers, ifwidregsn istgestained g¥eBvi ded a
magneti c recordi ng r;rgdi um which is moupted,to . a hard disli drive . in a Load
Uni oad ( LUIT a4pEY EMallirmewntn e Ganpi-hasedbRratectiaitiayaiclt thy boHBIAYe of a

porttion facing the lubrication layer, the contaminants and the lubricant easily
migrate to the magnetic recording head by a negative pressure induced by a
negative pressure slider of the magnetic recording head.

In view of the above, the carbon-based protection layer preferably
contain no hydrogen in the boundary portion facing the lubrication layer.

Herein, the technique disclosed iﬁ the above-referred Japanese patent
No. 3058066 will be considered. The carbon-based protection layer in this
technique has an outermost protection film comprising carbon, hydrogen, and
nitrogen. In other words, the carbon-based protection layer has an outermost
surface comprfsing a mixture of a carbon nitrogen layer, a hydrogenated carbon
layer, and a hydrogenated nitrogenated carbon layer. Because of the above-
mentioned reason, it is difficult with this structure to reliably prevent corrosion
and fly Siiction of a read element portion, particularly, 2 magnetoresistive read
element, which are serious problems in the LUL system and at a low flying height

of 15 nm or less associated therewith.




magnetic recordi ng head of a Negative Pressure Air Bearing (NPAB) slider so
that said magnetic recording head can have a flying hei gl Augusg209at er t han
15 nm said magnetic recording nedium conprising: a substrate; a magnetic

|l ayer fornmed on said substrate; a carbon-based protection |ayer conprising
carbon and fornmed on said magnetic Iayeﬁ’; and a lubrication |ayer fornmed
on sai d carbon-based protection | ayer; said carbon-based protection |ayer
conprising a rear boundary portion facing said nagnetic |ayer and a front
boundary poréin(;n facing said lubrication |ayer, said rear boundary portion
conprisi ng cAhéheapthaydiandnitsthe eahenthased yrqtectiom layef bntains
hydr ogeRy8idg&AMhieS | It i oy, d| S nd .aspect
of the sfE)r,ese%t |'n.vggﬁgﬁ%g{%ﬁ?goppr65?@28(128&35%??@%%%& gf‘ﬁ%r%%"ﬁm
conpr i stHycture vety dnerigiditygandi stablgyés fosrmed!. dihexaifdraulbher ahebon-

car bon- :HAN laL YR HSINY . d _for on_said
nagneti%afggerpfgiai&dﬁgﬁl Lat)yféilfzﬁslcon |2§!aér] ?ﬁﬁ%gg%%%saﬂbd'aggﬁoﬁe%'zﬁ@ﬂce‘
prot ect TRAT¢EQ) ey tha d ceabpenbbasdd protectionn layger prefepabbi ngontafes

boundar L on :faci o | | C er apd a frgnt boundar ortion
~ facing lgglﬂ)'g{ éﬂlgr i'éaﬁ%ﬁa%@gggﬁ rﬂeo?r"%uﬁgﬁw pﬁ}ef i BIPIREHES: | layRs-
car bon JRacHierlbyerthes s¢arfomneitvogedarpypor is osoftnelndli o nin 2ablagiest
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car bon | yer, faci Id lubrication, |layer as said frant
boundaﬁ%éﬁ?gﬁ?eég’i gehygﬁotg' nﬁg%é'd] rber?er& freinghthe pagnetielayeng
car bon aamdghydgidiéy, obdhe cathbogdrased sesteanidn qazétriam a vAYSfe icaGl wd ng

no hydrogﬁrn but conprising carbon and nitrogen, erein said nitrogenated
car_boncﬁ teé:!:tion | ayer is fornmed so that the concentration of nitrogen

Wih espechdabreiigom fal st vbddibat Sof 3naciMinticiieiére 1ardlighep gpd_not
greater than .10 at% . According to a third aspect of the present Tnvention,
t here W%?@U‘Fd@&%dl%m@ium vedshds maoveted fo oo imord giskydrivesnbs Loatck; a
magnet URIdRIELUL) system and in which information is recorded by the use of g
magnetic recording head of a Negative Pressure Air Bearing (NPAB) slider so

that said magnetic recording head can have a flying height not greater than

15 nm, said magnetic recording medium comprising: a substrate; a magnefic
layer formed on said substrate; a carbon-based protection layer comprising
carbon and formed on said magnetic layer; and a lubrication layer formed
on said carbon-based protection 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.

According to a second aspect of the present invention, there is
provided a magnetic recording medium comprising: a substrate; a magnetic
layer formed on said substrate; a carbon-based protection layer comprising
carbon and formed on said magnetic layer; and a lubrication layer formed
on said carbon-based protection 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




formed on said substrate; a carbon-based protection |ayer conprising carbon
and formed on said magnetic layer; and a |ubrication |aye! Aegusedf06n said
car bon- based protection |layer; said carbon-based protection |ayer
conprising a rear boundary portion fagigng said nagnetic |ayer and a front
~boundary portion facing said lubrication |ayer, said rear boundary portion
conpri sing carbon and hydrogen,  said front boundary portion including no
hydrogen but conprising carbon and nitrogen; wherein said front boundary

portio C n of nitrogen with respect to

car bonﬂyﬁq{;«%%@ﬁrﬁﬁgmg%ﬁﬁﬂ Cﬁg(# nit 6@ fi9h 4 at % and not greater than 10
at% 21 Augsaid w@moﬁuasetbrmﬁwchbhe layer ogcan@@ n‘%rbomwreg@idtéd | ayer
has a thickness not t.han 20 %Eastr he t ness of the
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as a Duri ng? unl oad oper at'i ons
r ecor dlguerhaagoisl ifkgsy lbouadary rmnh@um Sallcéeflyﬂiogend’iednagllrboncperHechdnng
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to 30 mai&gstrom; or nore. regards the upper Iimt of the thi ness of

the hy ehhea %?%Qﬁld mbgmi@ﬁhmw atfo specific limitation is

requi red as,far e LUL ste concerned. In thi,s case, er

TP S actarding 1S ol SOt RS BReseR invenbst. thetas avied Boced

pr ot ectndghéﬁdere@@rcﬁnghﬁh@d@m Eeenphiis n%Sstﬂ:ﬁsfrdf@e al trﬁ%gﬁ@afte bon
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pr otection | ayer f aci ng U rrcation ayer. In the nmean | owi ng
the triigied & sqighubsiates sarban-beserkoratectiopdayar compesingGaben o
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spaci n@ar@en@mdewemmonetlaiybm soith (c@rbmn Boyedr oprotection 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; wherein said front boundary
portion is formed so that the concentration of nitrogen with respect to carbon

falls within a range not smaller than 4 ai% and not greater than 10 at%.




the magnetic | ayer perneate through the carbon-based protection |ayer to

| eak out on the surface of the magnetic recordi ng medi urdl Agust306ul ts in
a phenonenon causing corrosion of the surface of the magnetic recording
medi um (nmedium corrosion), which is grgwing into a serious problem Those
| eaki ng 21 August 2006 10 substances easily migrate to the magnetic
recordi ng head to cause crash or fly stiction. In the LUL system no

cl eaning function is achieved as nentioned above. Therefore, it is
required to strictly prevent the medium corrosion. According to the
research by the present inventors, it has been found out that the nedium
corrosion can effectively be prevented by exclusion of nitrogen in the
hydr ogenat ed carbon protection |ayer at a portion adjacent to the nagnetic
| ayer. Specifically, as conpared with a nitrogen-containing carbon |ayer

such as the ni tPmaty?m@nymgeﬁammb@mﬁfowaroratasietlhvas ayhickgessatotd
nitrogenated carbon protection |ayer, the hydrogenated carbon protection

| ayer has gmdierthan 20rangstroensindT he thickeist of the hydroggnafeidecarbor| y
preventing | eakage of the netallic ions fromthe magnetic layer to the

sur f ace  of protectiondaysr heing soralien thare2d angstrameisinsufficient ta maiaiagytheat ed
carbon filmcontaining no nitrogen is disposed at. the portion of the

hydr ogenat igiditapbibe garber-based nraipstion lpyes aste wholene Drigdopd andayer, it is
possible to sufficiently. suppress the. | eakage of the nefallie ions and to
Dher eby i o (Ul oReriuBnp the raadnetic reoprcys bead SHIES I iembeaa car bon
protection_ | ayer pr, | y. -t hi.ckpess X | g, ) rons.
The thi ckrf¥&8 %&Vgéﬁ%ﬁ%ﬁ(@%ﬁ%@'ﬁ@b}m r@ﬁ#‘%gﬁw}' scﬁr%%' gggbeogl ?%ebﬁ eakage
of the net [ G : : ki r ction
| ayer -has "a k‘%@gbﬁ%@%lno Sﬁ%ﬁﬂ@@é@gn%gg%gst'ﬁgqrr@.é&ilﬁﬁ‘t | s@g?/@%?,é&i t is

possi bl e tgr dREReBHE T MERINAnTHPBhESIS pidiRick8 WARE tRE abbBgemémtidried 1 ons  and
to further inprove the reliability. In view of suUppressing the | eakage of

the netal | gperatitns. i Thuss thentidclarsarsmalles thlal R0 @ngstromsds unfaudrabler {rhe

t hi ckness of the hydrogenated carbon protection |ayer. The concentration

of hydr ogeordeptd misenat some meargjrdsuffjcieat tedavoid tienabove-mentioned defect, the
thickness of the hydrogenated carbon protection layer is preferably equal to 30
angstroms or more.

As regards the upper limit of the thickness of the hydrogenated carbon
protection layer, no specific limitation is required as far as the LUL system is
concerned. In this case, the upper limit is equal to a difference between the
thickness of the carbon-based protection layer as a whole and the thickness of
the nitrogenated carbon protection layer facing the lubrication layer.

in the meanwhile, following the transition from the CSS system fo the
LUL system, it is desired to reduce the flying height of the magnetic recording
head and to reduce the thickness of the carbon-based protection layer so as to
decrease magnetic spacing. As a consequence, metallic ions (Co or Pt) from
the magnetic layer permeate through the carbon-based prbfection layer to leak
out on the surface of the magnetic recording medium. This results in a

- phenomenon causing corrosion of the surface of the magnetic recording medium

(medium corrosion), which is growing into a serious problem. Those leaking




protection |ayer preferably falls within a range not smaller than 3 at % and
smal ler than 20 at% with respect to carbon. 21 August 2CGHeARgustHW6
concentration of hydrogen contained in the hydrogenated carbon protection
| ayer is smaller than 3 at% with respect to carbon, it is inpossible to
achieve the rigidity sufficient to be rdsistant against the nechanical
shock during the LUL operations and to sufficiently suppress the |eakage
of the nmetallic ions. On the other hand, if the concentration of hydrogen
cont ai ned $ubstaneengasiygoissatedodhe maonstisreeendsg hegkio sausgsraghl Mer t han
20 at% a polyneric carbon filmpart is increased so that the adhesion
strengt h ofliCtide carbon-based protection |ayer as a whole to the magnetic

Li‘?eay‘ fhe"eﬁéiﬁiﬁnﬂgaﬁi%@&%ﬁwzh%m%%&%ﬁ%LsZé‘cﬁ%%q%@a%ﬁﬁ%%%%%@é&SI e
br ot ect - on Thais s B LGRS SEhbiTER He'Beant sreaan! Secpinglo
greater tNaf kacalch ¥ fHe BESBACHVERIGTEDI bidh idlint oRtIRM thE Vil ¢ he

car bon- bas pro ayer as a whole is forne Into a thin film having

a thicknes i6R CARSSHCaUBly De prR¥Entediby Sxdhesien Bf Ritrdgeniimaiease the
rigidity o?oﬁﬁgagar Bon- baseg prd())t ection yl ayer as a vmogl e and the adhesion

strength t pyéifgenagsteddrboh pystectidmiayer atd pditiverddjadenthe thexwaghetimiayen t he
ni trogenated carbon protection layer, the content of nitrogen wi th respect
to carbon is pr&pecifithlly, astcompmEred withreanitrdgenontiringaarken layet swehal | er
that 4 at% sufficiently suppresses the corrosion of the read el enent
portion of aslike nittapesstes easbondiratpctieadnyer angdiibe hgregesates Ritrpgenaledd

cecars. as. GAEAN BEPHBBIRIST, s BIEPIeTstcH s e iotecln ReTRAA OPESS: a1 o6 or
magnet or es SBPGES Aol Ereatinet Mgty FRECERRMA RN B3kAPe 8 titRetalic 1
boi P & B ol 8 fadHetolByer tnd UL BY thEWagnEREretRRIIRG mediuil t T ogen
Therefore, if a hydrogenated carbon film containing no nitrogen is disposed at
the portion of the hydrogenated carbon protection layer adjacent to the magnetic
layer, it is possibie to sufficiently suppress the leakage of the metallic ions and to
thereby improve the reliability of the LUL system. |
The hydrogenated carbon protection layer preferably has a thickness not
smaller than 5 angstroms. The thickness not smaller than 5 angstroms reliably
suppresses the leakage of the metallicions. More preferably, the hydrogenated
carbon protection layer has a thickness not smaller than 10 angstroms. In this
event, it is possible to more effectively suppress the leakage of the metallic ions
and to further improve the reliability.
In view of suppressing the leakage of the metallic ions, it is unnecessary
to define an upper limit for the thickness of the hydrogenated carbon protection
layer.
The concentration of hydrogen contained in the hydrogenated carbon

protection layer preferably falls within a range not smaller than 3 at% and smaller

than 20 at% with respect to carbon.




suitable for magnetic nmediumfor use in the LUL system - -- -------- 21
August 2006 12 Preferably, in the nitrogenated carbon prdt&egisb?2006ayer ,
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 nitrogenatedqqarbon protection |ayer is
neutralized. Specifically, if the content of nitrogen exceeds 10 at% the
anount of N filling the dangling bond of Cis increased. As a consequence,
the outernost surface of the nitrogenated carbon protection |ayer is

gradual |y neys rigls At appu e S i
reduced. Accgt dt?’r?l %?31 ther%gggar%ghnggpé%%ﬁpggggr}?'eafﬂbe?\%réyaréé‘%@gt%éen
found o&BrPRAX pfﬁ&@!ﬂ'@r’ﬁﬁﬂ isugmaderothame @ittt oyidhatespe atardb@arpoot g6t i on
| ayer i i8l ' [ : f. Lt r hes, 10 at %
17 the. SriaROSBlY 0 BVer Bte raldhty SAMER 4o, Bb ISt S Bt

pr ot ect Mypchapigali sshegkcetuang ribet r kUlzavpenapoosecedsd tte sadfieidnly

recor di 8epdtRAsUNd fesRaEEACthd M AAAERRYN Of contam nants. It is
ible to sUp ' C

t her ef ore possi press deposition of the contam nants onto the
surface of t &N Hagnether handr ifi Hye mhcentrabios, ofrhydesgeh ddeta@B8dsist em
No uppekhdimidrdsen SEH f.0 t LI wever., en if

t he outer rm@t' EU%S? ace ofc_:%gﬁgn h_{%ﬁégﬁgtlggggggbﬁw 6?%%@%5 F‘ﬁﬁnl g@e?t%)l‘/’s a
conpl et BRYYM&Fi¢ sRirbea, fitrheparvisninaeases soothaintamdhespoasstrethgiht of t he
magnet i gn & 6SOFFH H é:g\eich e c saherefore in the. LUL
systemin which tﬂ)e o eﬁogggﬁgﬁcyﬁen{ %% %orﬁ%z’alghpeagg, mﬁg’?%hf:nl&yfgi Beto
pr event dgicEEasPen AR @ depodl tihenpootactitwe lawgnes &ilmr e prdilad Gffably itine ng

the negald Msa RIS H & WiudRy Stﬁ%;@?%éob&réﬁ?ﬁgf ective to increase the

adsorption of the contam nan magneti c recording nedium wthin a
control | abl eManggd®refeeshdyy theewomdargrationcofttayd regds cepzdntddimonthe the

Beanpl e Yapedrehga TR BT B ahHe . 1 WHOPRP 250 g Tt Agallee

recor di Hipnedialfy atrbmaitngcemtari thayermtedths owithore spadtetd icarbbaydn tisis

formed ggsthalydher e et bah. 885 B.\"J)feocg?&n Vr.av;r as a whole is formed
into a thin film having a thickness of 70 angstroms or less, it is possible
to increase the rigidity of the carbon-based protection layer as a whole
and the adhesion .strength to the magnetic layer.

In an embodiment of the invention, in the nitrogenated carbon
protection layer, the content of nitrogen with respect to carbon is
preferably not smaller than 4 at%. The content not smaller that 4 at%
sufficiently suppresses the corrosion of the read element portion of the
magnetic recording head.

In the magnetoresistive head capable of achieving a high
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.




21 August 2006 13 respect to carbon falls wthin a range not smaller than
4 at% and not greater than 10 at% In the nitrogenated drdgusiii¥bection

| ayer, 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% thg content of nitrogen is, nore
preferably, equal to 7 at%or less in order to fully exhibit the effect of
an enbodi nent of the invention. In the magnetic recordi ng medi um of an

enbodi ment of t rﬁefér%ﬁﬁ};[)ﬂ e nifltﬁgerze Hro%trti)é’rf‘gﬂf bt Iﬁgé‘rt, e BabAt bfS

. t
I mproved as descri be ove. ore, 1n case wherée the magnetic

recor di ng ﬁiﬁg'?ém@tfh @8pe BIMBQHEN s F6t drESter WYAN10 Q%% S THeWYshttet a HDD
(Hard Disk Drfve), the environnment 1nside the HDD is preferably kept at

llevel of Q'liﬁé?en ER68eding1E5at% RaFhlo@ble Bechuzamcoaleiinost smyacaosfithbet ween
the nitrogenated carbon protection |ayer and the hydrogenated carbon

pr ot ect i omitreyenatedesmber prdtestion lyer is redralizéd er Specificalfy; If e tortent

al though it depends upon a production process. The dynam c action works
direct |y idf ritrogesri enceedsdd atfhr the ampuntei fillingrtbe dangling boad iohdiisect | y
through the internmediate portion in the thickness direction if no definite
‘boundary iipcreasete dAstree@nsaquesse bipetnternest strfasn of thr aliogdenatad ch t he
contents of nitrogen and hydrogen are controllably varied centinuously or

stepwi se Gafbenretectoniayer i g@dualiy neplializedsand thesamoat e Nagpdhct i on
SRR lst e SURUBE AR B0  EBLEY B BRI
e B R T Rk e s e
Ceserae: SRt RPOREROASR T LAy ek oS OGRSk
prot ecti onrela@es 18%ate%. whol e.
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 preventihg the contaminants deposited onto
the magnetic recording medium from migrating to the magnetic recording head.
Example embodiments of the present invention méy also cover a
magnetic recording medium, wherein the nitrogenated carben protection layer is

formed so that the concentration of nitrogen with




In order to avoid the above-nentioned decrease in adhesion strength, the
concentration of nitrogen in the nitrogenated carbon prctletegush?00qyer is
21 Augast 2006 14 |owered bel ow the concentration of hydrogen in the

hydr ogenated carbon protection layer within the above-nentioned suitable
ranges of contents of nitrogen and hydgogen. In this case, the difference
in film stress therebetween is reduced so as to prevent the decrease in
adhesion strength of the carbon-based protection |ayer as a whole. In an
enbodi ment of the invention, N+ present on the surface of the nitrogenated

carbon peapect tencaiiish Faltsnithie d YBRGRAANShiifd: thai! # L8 not
adsor ption ?f tt%'e S‘Eé\f ace of the magnetic recording nedium Therefore, if
the sur fHEABF thAB tR™AIGh- based protection layer is sufficiently covered

wi th the nitnagapat edit 8ARtHH OlRGbbAN bAYotidhe \Y; Nt j effect
I s exhi bi.ted. Ho,weverI ﬁ?? t he thi cknggs F(B:)f tr?élanrlht rl%?%ﬁatetg%ecgéﬁﬁq M,
prot ect iNBHO9ELY d8 PEefetaklivedialr argate! thagst FOnpt¥éhdecawsagh’i san be

i nsuf fi gireBendndSAmcadafHe Oﬁedmmudwgﬁlﬁa‘i@dsﬁf{tgeﬂ oheehd ORoWRYAE SACi Ng
If the thickn tﬁe

the magnetic |ayer tends to be exposed. ess 0

ni t r ogeMAt'8g°CaBSP gDt £c?i%n they sontent wedtitiogemrisismangspreferabine

car bon- [B6 O7E G199 JraYBE s atn 2ordBP! f | iyl PWBKASDIk NeADT B TSI ance
because the njtrogenated, carbon protection layer is lTowinrigdity. As a
consequ&feRodimgn Lﬂfftﬁ't?e'“‘fﬁ"tt'ﬁﬁ- magnetic recording mediumis easily
damaged due 19 the iEghaticCaecohfily dMddiam herln Oé’r%%tdiﬁib%t |gF W of
the above, the thickness of the nitrogenated carbon protection layer s
sel ect etN¥@ien. 1Be agdspiptignoef thescaniaminants isiimproyedensatesctipeidn t he

LUL syste@veExpRBl&rstabagli ea@wa?.feréhﬁ&Fﬁé@%tidﬂ‘%@ég@@ IR EPUR 2

magneti c recordi ng nedium wherein the nitrogenate n protection
| ayer h&&Redmerhafsthgiinventier ishmpunteshder antda (ardridikeDrive) 15

angstrofle 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 | '




Herein, the thickness of the nitrogenated carbon protection |ayer nmay be
equal to or less with respect to the carbon-based prot ectdicghmgubtad6 as a
whol e. 21 August 2006 15 Preferably, the carbon-based protection | ayer as
a whole has a thickness not greater than 70 angstrons. In the LUL system
the surface of the nmagnetic recordi ng I#edi um can be snoot hed so that the
flying height of the magnetic recording head can be lowered. If the
carbon-based protection layer is forned as a thin filmhaving a thickness
of 70 angstrons or less, it is possible to reduce the magnetic spacing and
to ther épyeiragr dwlawethecordicentastisnt yof Ifyddegdhi okngss Bjdidgenated

car bon- p Is r . ol exceeds. 70 angstrons, the

t hi cknels&?$§§nt Egaﬁééﬂriggeirﬁ%gd@r'ﬁoﬂ%i el?r?v?é@ie 'qrff’e‘?r?aﬂkfé‘?'iec rppges of
consequéantentsfeadisageronavehydsogea. ahhy dxngeneiedifferbaRePiPtfehi On

| ayer a | 0;.l pmetic layer, care nmust be taken if the
t hi ckneggﬂéo%stwg‘(%ébtgﬁé-%%s;esdh'%&o ect £8n "’fsdygq BigYeals t%'@ dﬁ‘@%f?%%. Mn an
enbodi nedhesfionrsirengéhtafothe aapaonh-ivhsetep eatcibrbaspst aBriasbicon | ayer

- which faces i . I . L.e.,.the pni,trogenated carbon
prot ecti on I;@%ﬁ%bﬁbﬁ%& gﬁl’ﬁhb'm%ht'ﬁﬂ' \anqr &4 or ihg surface of
advant afevusitbegensted® casbonoguctattion Wa e pricdingdtty Nbridafibhs [agase,

not decriaeayes {rie PAARSHAG, 35 SRS iTate; 6, tho praition PREFSIG ace
of themeidivpyeldnerefoee bifnthe crtacenot alier canson tasdd §rbtebtioMPIAY:NY
the coser anzoieatiy sBveBH DA fie Bifodritatetyarhin duatthbiohel devor e of
the surabeeeohertteoned Efficcbiss eshisieéacti on layer (i.e., the surface of the
possi bl ot o HodRe, FBhEtiRkneddaet e cHiwdenalet caroamiRrotmstian of
cont anilagersis( hot 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 refiability in the LUL system.
Example embodiments of the 'presen’r invention may also cover o
magnetic recording medium, wherein the nifrogenated 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
tayer as a whole. o ’ |




exanpl e, acidic contam nants) are deposited to the surface of the nagnetic
recordi ng medium Therefore, migration of the contam nantd Augwst 26magneti c
recordi ng head is suppressed so that the above- nentioned corrosion can be
suppressed. 21 August 2006 16 Exanpl e enbodi nents of the present invention
may al so cover a nmagnetic recording magi um wherein the coverage by the

| ubrication 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 |ayer) by the lubrication layer is not

smal | er RreA8r80kp, tthe COAfHsRH HYedd ' | | g eglu er
fol | ow trt]ﬁ th(g i Ir)rg?:)rovement I n coveera ZJ?%%%GBPeZIg&;@BO%geSng@?o@Opﬁ\é a
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85% or rﬁ)r_e iﬁ _grefera | e because the contam nant adsorption

subst anfVANgy helghp ok dhe aragmeticesecardingowratyccat iBsvhawenede Ifsthe ghl y
- effecti varbBatbhageldaryfidt bh%nmam@ ori@SiS head _suggeptdhl e .cQrrosion
is used |In an enbadi n%nt eof t he invrenllgi_of%?.h}\%de.ggnﬁsngﬁﬁatﬂ”tg‘l‘ ofhtatqﬂfeig &

| ubri catihigknes®erli L gnagstramsyondessml i+ passdhler b9orediucentheonaigmgtiat i o
of the kybicisgland tbarireby MPbrev@Ithe" rd Hai ie | ess-bonded part of
t he Iubrlpcanﬁfi S red,uce(g? ?tl iEs)rthere?orré;e p(')gé%%g@g suppress mgration
of the contahf hBRtthickners abdhet Farbeadergedgprntagtions layenmequoritele i t
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present _invention may al so cover a nmagnetic re wherein the
bondi ngf3%iN% t8f MRONEHE (aXeons Fapepauenitt inpteasedt Haowro%sr, | sinae

enbodi Mg a&;dfrbﬁehiawat c@Pb o RO pFBESETibA '|é?%$a£;h8ﬁe§5thé”8%%% URonihe

conposition of the magnetic |ayer. However, by the "use of "a magnetic

mat er i aM2R@tigi lRVEE. carermpst dssitakepdf thet thigkaads 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. |




| eaking to the surface of the carbon-based protection |ayer, the effect of
this enbodinment is fully exhibited. 21 August 2006 17 Séﬁd&ﬁm@éﬂﬁﬁ t he
magneti c | ayer nmay conprise a CoPt-based alloy, a CoCr-based alloy, a
CoCr Pt - based al l oy, a CoCrPtTa-based alloy, a CoCrPtTaB-based alloy, and a
CoCrNi - based alloy. In an enbodi nent of the invention, no specific
limtation is inposed upon the material of the |ubrication | ayer. However,
it is preferable to use the material hgving a polar group adapted to form
ionic bond with N+ on the surface of the carbon-based protection |ayer.
Preferably, the lubrication |ayer conprises a material containing a main
chain of a fluorine-based |ubricant PFPE (perfluoropol yether) and a

functi onal QEMpléUéHw@édﬁ‘n@?iﬂr @fy*h%bﬁ%eg p}'eggﬂ?y%pﬁoa%q{r%v Fi

(COOH ), having a negatlive arity re spec

| ayer nC@ReiGreeardipgame . venereirdheltoverdgatbydhe lﬁmn‘@bti@rﬂo?@?ﬁm-"

manuf ac@{% %r i % nt In particular, the lubrication |ayer containing

Z- TETRA grea T nunber of hydroxyl groups O+ than the lubrication

| ayer cont alfriheg oxebape dhéhefsurfacihef fibeneartes-vade ghsrotaiction 1ayédm

lonic d sur f of .the nltro enat ed carbon

prot ecti on "l'a éta:hds\lga%%ag?%oené* \nocqe'?)??ea‘ﬁ HPSN Riategframdayseb Ry dhe s
remar kdbb}'l@&mlbl agykr Ry efadr abiat)et Hhau@0%atthen doaptain imath ta aldidiot s fiens
snal | erg st g r refer not reat ey .than 15 angstrons.
Tt he S dnboduBBep KBy R RIBLIHd ARe iR e Rt n, aanerase, the
angst r d@ss- lvthedladsspbdndeﬂ taet lobrisaion heayebr isatrenatiauer iredddeal.

o thi STt oRe B SR b S Eyel n 0% H‘rﬁ@'a”{%r ed carbon
protection ITdy@rcoveca)QErblyl dtie llnbridaticAseayéit bélr@ f$5%l| brt arehijgve
(e DERrOmOR e ehyl b S R RRANTRGY Sasire T e 02" SunTRausfy' "™
completely ellmmated. 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.
Example embodiments of the present invention may also cover a
magnetic recording medium, 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 maghetic 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.




The thickness of the lubrication layer is preferably not smaller than 5
angstronms. 21 August 2006 18 If the thickness of the | ub#ligugusb?006ayer is
smaller than 5 angstrons, it is difficult to achieve the coverage by the

| ubrication |ayer as high as 80%or nore. In case where the

magnet oresi stive head is wused, the corffosion readily occurs. Exanple
enbodi nents of the present invention nmay al so cover a magnetic recording
medi um wherein the nagnetic recording nmediumhas a principal surface
havi ng a surface roughness Ra of 0.7nmor less. If the surface roughness Ra

of the pri ”C'Sl‘ﬁeic|15|'¢l‘afllﬁj;(}eth@c nié'@neﬂaga e mB§Cos Mips dRACYP L 6a§§3 ﬂlﬁ@ﬁ‘t er
t han 0. 7nﬁ é Sr?j e 8%? y prevent the mgratlon of. t
cont am Fam“t &%51*?35 Bﬁétﬁ IorBAagdnadey. v roCrPEha-bagedgakiey gl of
t he mags CePtESEBLish §8dNeldsy, and 8VC ae riHa K d Iaﬁﬁﬁy is required in the LUL
system In c se of a fla surfacg havi ng Ra not greater than 0.5nm the

y
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ration G)tﬁ"npfdé%d U@;bd)ﬁaﬁh@n rha¥iai SolapiceassdicAfor LRASE ﬁ Fh‘?t is
m gration of the | ubri cati on Ia%er to the magnetic recordln ead is
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Jinventign escr bed ,above. Preferabl yf,]ﬂ% ﬁﬂg}gfﬁnglsgeangﬁ%eﬁgem%?éi{%lj

magneti € TP %’% Nné enitrigAtan 12YalrsRPTisRR Bnasieral eenigininga nrain
0.9nm  khalid oﬁxéeﬁdﬁrﬂ}eq-'bfasetqu@rfc‘fﬁteﬁﬂﬁPE” (b%\‘ﬁhoPS@}S@?é}g gtéHg ?,9 and
or

recesseg garts of the surface profile of the netic umis
i ncr easBNCURNE! JRUPUBHED, aBhd BYIERRYe IKQUPhEOHIbrarc 8t cenboxykgrpup

decr easego(bf-”heaﬁwgf aClef aHYRNESPMY of the principal surface of the
magneti c rec% ?rrre i um1s not greater than 0.7nm the coverage of the

| ubrication ReeldGally.i fbeedsbdicatimpydayenom@y 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 iubrication layer and the
carbon-based protection layer is increased because the Ilubrication
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.




© concent

Herein, the surface roughness such as Ra and Rq is defined in the Japanese
| ndustrial Standard (JI'S) B0601. 21 August 2006 19 |n ar?leMisdi 206t of the
i nvention, the substrate is not particularly restricted. However, a gl ass
substrate high inrigidity and adapted to ever-increasing recording
density is preferable. The glass substygate includes a chemcally

strengt hened anor phous gl ass substrate and a crystallized glass substrate.
In particular, a substrate obtained by chem cally strengthening an

al um nosilicate glass which can easily be snoothed is preferable in this

enbodi ment becage @ﬁucl«!ﬁ&b rb@' ‘i'h[ay li‘r'B? %ntgggig%g%mﬁgsﬁgugr thans Sn.

produce t he magnetic record um o
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car bon B?%f’eéﬁ?o‘ho'fﬁolsrwnrre@dﬂv(@@cga{s at nosphere containing an inactive
gas such as 0 ydr.ogen- cont ai,ned and thereafter form ng
the nitr ogeng%e clgr %ﬁgggﬁ?gg %c;n g1 W@?@rﬂfam‘ﬁeggs b MG 6én GV & xed
gas at nm‘qgm’ﬂc oécandingnardivm, seEersid tAeridrestic F@@éﬁ\jiﬁgr}ﬁe%%ncﬁﬁ& g ning

no hydro I(%g o% for tJ on of the car bon- based protectio ayer
P Y 5@9 Ay ﬁ‘icter%@hmﬁsst%ocf@rm wdess prot ection
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~direction thereof. Speciftical , Ilethe car
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In case of a flat surface having Ra not greater than 0.5nm, the
flowability of the Iubrication 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, resuiting 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.




thereof. Use may be made of an ammoni a gas (NH3) except the formation of

t he nitrogenated carbon protection |ayer facing the | ubridlcAegush2008yer. 21
August 2006 20 The hydrogen-contai ni ng gas includes a hydrogen gas (1-12),
a hydrocarbon gas, such as a nethane gas, an ethylene gas, and a

acetyl ene gas, H20, and a mixture therel®. In an enbodi nent of the

I nvention, it is inportant to control the concentration of nitrogen and

t he concentration of hydrogen in the carbon-based protection |ayer.
Therefore, it is inportant to keep cleanness of the deposition environnment
(sputtering dnnoapheembdditheat mafphidres, ivvehtibnbeamedepapstialB is not

at nosph degree of vacuumis kept, at 5X10-7 Torr or

| ess i ne%%')éhcmg l{)ﬁéésgrb&e[&e Flr? CYRE @,Vﬁla%%cﬁlfrg%"%% '?J'@E"m'@lerﬂﬂww And | n

thi s evadaptdat toeéilec{m?feablmg ardmﬂurm@tdeﬁsftyl |y preffiebaprd. The b$assh
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p055|ble r nting nitrogen ions
surface O b‘?ftrréi caﬁbgh&%?ﬁed pr8¥8€f’cfy3'll1lyl aﬁgr ?‘r‘?ét?das aRERPhBHE] 9R%%. In
an enbodiutestratd drte a mrestaidized fy&aﬁst@@b‘lsﬂbtéonm 5gr1t,b§|arl ubrd s tirate

be made o vari ous known

| ayer |s egi fi aII stricte
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phase or S rie scription of the Draw ng sole figure
is a scﬁ'éérﬁt %cgbég £§f9 iSCWPEHYIAY a film structure of a magnetic
recordi ng nedhuroralesortdi ngrédues anBOdinIRyHetiOf rébbﬁdlln@Veﬁiécﬂﬂm Dg$Crd pti on

of the Pre%e(rjredggniag nent ; Retferrl ng to the figure, magneti ¢ recordi ng
medi um FO"8PO[ES i TRentiapsy %t@’?%ohﬁaé‘ﬁ%@?c °§u§§tul’”£réf)g 1(Dg

magnet i enagpetrch sporttedngn RAespulbRirieg € ok, the A b RATSE OV e6li ¥h
.l ayer 4 form:"éjeposltlon
In particular, the carbon-based protection layer can be obtained
by forming the hydrogenated carbon protection film in a mixed gaé
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 controiled 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 (NOj3), 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. | |




the magnetic layer 3, and a lubrication layer 5 fornmed on the carbon- based
protection layer 4. Among these layers, the carbon-based 3lafegus2®énpri ses
a hydrogenated carbon protection |ayer 4a facing the magnetic layer 3 and
cont ai ni ng hydrogen and a nitrogenated carbon protection |layer 4b facing
the lubrication layer 5 and containing20 trogen and no hydrogen. 21 August
2006 21 Between the substrate 1 and the magnetic layer 3, a netal |ayer 2
conprising a seed |ayer 2a and an underl ayer (nonmagnetic underlayer) 2b is
i nt erposed. The magnetic recordi ng nedium 10 havi ng the above-nenti oned
structure wi Ivh@ehﬁawgéh%bhmﬁlﬁi% bakNisORIdE ] OﬁyH’Pé&eﬁXg%' 5%
e

conpar aﬁ_g exa i s noted re that this invention i
restric d’erP Eﬁé‘ A9 ofUGH S&npl Bethaneyas.) at %ﬂ’lkfﬁﬁ@s@qsbata@cblass

was for mredtyrdme Y, A950dizd B Akt in@reps. di sk-11 ke shape, The gl ass
di sk bl ank S succe sia/,%:”g subj ected to grinding, precision polishing,
and precisio c?@aﬁf"}ibo BH @ the inveatigmsy 8§ dmpnrdart taasopheti UH:‘P I y

strengt kemedntAgtian’ @FUhltroges HPgstsePebhakatlatidy! BY A X}P @% en? &
scope),

surface was obtained. By the use of an AFM (Atom c Force
sur f aceCaFEBBﬁh%?dofprtoﬁﬁcb'loé’ss layidst rldterefoias ifr dei depontentuted keep

| nor der cpodhALBs dNeheeaepbsPfioABERAYIIRMRAEN( %@ﬁ{&hnﬁcﬁ%ﬁgphe?es%"@fﬁ

area of m gmwas: sel ected as a _neasured area. Furt nor e, eac
G of AMe RN B oo haBe o viaBas s SIMARRIEE). Fop dbis wnd, et a

sanpl i ngegRBecaf At ids keptewl| Isxide Juitacs GLONAESSARh (e glass

substrate was 2.49 nmin Rp, O. nmin Ra, an

in Rg. “I"Hé’t’%qw?%céhﬁf Ct\ﬁ@ g?'&‘és”ﬁub@ﬂr&ﬁéim/ageﬁ@%ﬁmEd |bytial3p|eof@6ntt yibe

prof i | oegterst dfTﬂﬂQOémlB%)durrf&na:srﬁﬂNfexhtubﬁeau”ace profile of the glass
substrate S. not accuratel neasured at the resolution of the

above- ment i oftetd PEs§IR et reform a surface layer by impianting 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.




Next, by the use of a stationary sputtering machine (Circulus MZ2), the
seed Iager 2a, the underlayer 2b, the magnetic |ayer 3, adldAugwst 2006 .
carbon-based protection |ayer 4 were deposited on the glass substrate 1 in
this order. 21 August 2006 22 At first, the seed | ayer 2a having a

t hi ckness of 300 angstrons was depositzef on the glass substrate 1 by the
use of an NNAl (Ni: 50 at% Al: 50 at%“~alloy as a sputtering target.
Next, by the use of a &M (Cr: 80 at% M: 20 at% alloy as a sputtering

target, the undeg b havi.n t hickness of 100 angstrons S
- deposi ted on. t hed&i?gé'ﬂ ﬁ]ﬁ?&ﬂra?q'ﬁéwd t%’? rgﬂ@”ﬂ?gaﬁfg/:g;gwgﬂ??% :ajcaﬁl:laogjo
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angstrons ﬁoﬁégﬂg@g:si ted on the wunderlayer 2b. The carbon-based protection
| ayer 4 was fornmed by the hydrogenated carbon protection |layer 4a and the

. : X 20 £ ) ; ogenat ed
hi trogenated carlypg ra@hde reebrdifty Ble Cgr?eﬁﬁmogi trre%t&dve BRLCREY

carbon protection |ayef 4a having a thi angstrons was

deposi ted stuttoes mipbeidescriliatin dbtdiyin dohjustioniwith SR4RpRs dndr get in a mi xed
gas at nosphere containing a pure Ar gas and a hydrogen gas added thereto

so that theomparative exanples hyldisogeted dese itlsatetisdhvémiondsmol efridted t M xed
gas atnosphere containing a pure Ar gas and a nitrogen gas, the

ni t r ogenat K fopwig exarmplesi on | ayer 4b contai ni ng no hydrogen was
deposited to thg thi ckness of 10 angstrons. Thus, the carbon-based _
prot ecti on Iayer—lﬁmﬁi%lforrred. In order that the content of nitrogen wth

%. i h it at ed bc tection
| ayor ab. Cuse veBn T Nzale yags Seg ommedinen s dels bk iAot e
of 't ha i s dgiiEeBR 0 Theldadd Wk bIR YA SeERbRel Siicted « finding)" " ©
N I ent rat | ; e
T ogenat beisn Boltifag i rek|ifon ABAGRE L M 8BnBh, BLYSAT oy bl
sput t eri ngwas whenptieslly strerigiifoneac U SrgimetRf gidsSsibdthtd 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 pm x 5 um was
selected as a measured area. Furthermore, each side of the square area Awas
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, énd 0.37 nmin Rq.

The surface of the glass substrate was measured by a probe-type
profilometer (Tencor P2). Asa reéult, 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.




Torr. 21 August 2006 23 Next, Fornblin Z-DOL manufactured by Ausinont as a
| ubri cant was applied onto the carbon-based protection |Zy&vwgust B3P6di ppi ng
to formthe |lubrication |ayer 5 having a thickness of 9 angstroms. Thus,

t he magnetic recording nedium 10 in Exanple | was obtai ned. The magneti.c
‘recordi ng nedium 10 thus obtai ned was subjected to characteristic

eval uation and durability tests. In the2éharacteristic evaluation, the
content of nitrogen with respect to carbon in the nitrogenated carbon

protection | ayer . Jthe confents_of hydrogen and nitrogen in the
hydr ogenat ed car tfﬁﬁ”?)tr IIIee%;EI‘I AYE9R NaMiRg q ficknese 04380 bpgstrdmsiwds i cat i on

I , ' ' f | ubri ' I I d
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test, a LUgjgabky & @3% a CFT (Constant Flying Test) durability test,
a corrosion tg%st I%[?ﬁtger Igeé'l enent portion and a shield portion of a

i di hetdon.of est o wer, ied out. Th
Tasul s of the charararratd & SIMBICE SGR R: 2RLR) it asts are

results of the charact’eristic eva

shown in Taplitering TErgel; e ederRiveP b b - based protection
| ayer 4 was rreasureg by the X- ryay el ectr I‘n%‘%@gﬁsr%g"gﬁgf?}géﬁ" YFAg al
“anal ysi s (de@agited dhtheseddhiyepfahydr ogen was neasured by the hydrogen
forward scatterin spectronetry (HFS). The contents of hydrogen and

nitrogen in the hjiEnogethet ust ofa froromagmsticalioyreongiétng ARoBRIS, FRasUred by
e e B SlEf K sy ot oot ned by the vee Of ine Siimlar
e R DBl S oot opiand buhe 52 on
| ayer 5). %Mﬁﬁbb?OOG 24 _ '
The carbon-based protection layer 4 was formed by the hydrogehated :
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 gés
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, theA
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 mixéd
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 scem.
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 107

Torr.
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U 11 caco congty Eobnblifl Z-DOL manufactured by Ausimont as a lubricant was
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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 protebtion 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-dfsk durab_iiity 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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| ubrication layer 5 were neasured by t%g X-ray el ectron spectroscopy
described in United States Patent No. ©,099,981. The bonding ratio of the
| ubrication layer 5 was calculated as follows. At first, the thickness (tl)
of the lubrication layer 5 was prelinmnarily nmeasured by the FTI R
(Fourier TransformlInfra Red spectroscopy). Next, the magnetic recording

medi um 10 was di FT'P:@%icRnés@QhHg?B %él\}eéer%%%%h%ﬁugﬁé%ﬂo%cﬂayéﬁm% DuPont) for

one mnute to dissolve a part ricatiron layer was not

bonded to iiastredBYhaXedybIOHRSH bdtttRL8hy AesditiER Ufifed $BR PSRRI C
recordi ng nmedi um 109\/\/as i Tytméd at aﬂ%fti ngyrg?e of gcn[ﬁm n. %wn, me
t hi ckness Not B)099,98he | ubrication layer 5 which still remains was neasured

by the FTI R agai n.
The bonding ratio of the lubrication layer 5 was calculated as follows.

Atfirst, the thickness (1) 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 5 which was not
bonded to the carbon-based protection layer 4. Thereafter, the magnetic
recording medium 10 was lifted at a liting rate of Bcm/min. Then, the thickness
(t2) of the lubrication layer 5 which still remains was measﬁred 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
jubrication 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 159 at a radial position of 22 mm and the magnetic
recording medium 10 was rotated. Thus, the Al,O5-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.




The ratio of the thickness (1:2) of the lubrication |layer 5 after dipping
with respect to the thickness (t1) of the lubrication | 3lekumstdi06r e

di pping was cal culated as the bonding ratio of the lubrication |ayer 5.
Thus, the lubrication layer 5 was partly dissolved into the solvent. The

| ubrication layer 5 remaining after dipping was recogni zed as a bonded part
bonded to the carbon-based protection |2ger 4. The pin-on-di sk test was
~carried out in the follow ng manner. Inorderto evaluate the durability and
the abrasion resistance of the carbon-based protection |ayer 4, an

- A1203-Ti C bal | hd¥iemin-andlisitestwasipadsetiiths nandss efitimegaifrstativh®efore

car bon- based pr%t ection layer 4 of the magnetic recording nedium 10 under
the | oad ofhe&g &ﬂ-t@ﬁeﬁdﬁr@é%@@iayf%ﬁ whs brokem wasleqbal tow@edr more.ecor di ng
medi um 10 was robat ed. T{}_tgls, the A1203-Ti C ball and the carbon- based
protection | ayer CENREANY, the raagnetic recerding diead is net braughbinte centestwith

frictional thc,g@tacé. w th . each (ﬁthe{ \‘,I;ﬁe nunber of tinmes of rotation before
the carbon"HAEHEHE Beokding ediymy 10 \Hhensfasrethein-onedisktesd is a1 August
2006 26 T 1o @0 d) dif th fti f tati
petore « nacabilty e hBEr 538 heEn RIS 3 caltodiedidh Reactithl *to 800 or

more. ~CGengpatdting tic recording head is not brought into contact
with the magneti(g: rﬁSﬁ@?ﬂg medi um 10. Therefore, the pin-on-disk testis a

durability test WAEQULASONEE BagiRd & ATHERY S ahRdr V""ltl'ﬂer %}gﬁgﬁégal

operating environnment. The LUL test was carried™ut 1n'the

manner . Theeowedjng rhediumet®ant agna@%mebgrcﬁﬁ?ihéaﬂgﬂiﬁbiep fa@gor di ng head
having a giant magnetoresistive read element (A VIR €l efrent) were nount ed

to a magnefiagnetasesistiventgadppementi(GMRheieherithgefeamghhteer tot dmagnengt i ¢
recordi ng head during operation at a flying position was 12 nm The
envi r onnenfeCPHENA @PPAtWagnEE tying beightiof theappaneticireosading Heaghdurizgper at ur e
et ive. HARANGY bf THOW PORBOTONES 42 e The eevioRBeaUNGidet reanaghalts out
800000 1 Mg Bobliaeu S Mbh tprdtlnd R rmigRy Lot Shyrsashed 800000
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
magnification of 50, the surface of the magnetic recording medium 10 an& 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. .




when any failure occurs during the LUL durability test, the magnetic

recording nedium 10 and the magnetic recordi ng head wer eltAkgst 2006 from

~ the magnetic recording apparatus. By visual observation under a

hi gh- bri ght ness hal ogen |anp and by observation using an optical |ight

m croscope (OLM having a magnification of 50, the surface of the magnetic

recordi ng medium 10 and a slider porti®h, a G VIR el enent portion, and a

shield portion of the magnetic recording head were exam ned. Furthernore,

the G VIR el erreni gg_.g._t.lt n,and the shield Eortion were precisely exam ned

by a scanning el &BEMd 1St MeSEsEEd outRg fllows. ndeimagratiomecofdiA®000 i n

order to d L SV sfpal | _corrosion.,. The LUL durability test was passed if

the LUL opﬁ%ﬁ%rﬂ?%’%@{% ’l“é‘SHEQ%[ﬁ‘i‘\?‘é‘ﬂgﬂq\?@bdﬂﬂﬂf@c@@mmegmsmws or

more. In thAs, & ' ' rat u nerally used, it will take 10
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times. 21 tus2006e R, ; <carried out gs follows. The

magneti c rﬁg%i ng nle&u?#-%lgggé}ﬁhﬁgﬁﬁ%@%ﬁ%@?ﬂﬁ%ﬁ%ﬁq@umepﬁaﬁ'ﬁntahe

gi ant magnafigingaitiorewas a2chia! emRBle regounied to the
'rng Iﬂ@%?/ﬁﬁn?ﬂnﬁ{&%&bé{ﬁ% GHEPPE % cor di ng

magneti c recording apparatus. The flying heig

“head dur i ngpparatustwasadtigh-terhpyiatGreNdiAurmiity@8ydre dHliroRRferE Y ke nment
i nside the nagnetic recording apparatus was  a Yu gh-tenpere'& ure

| ow humi di teynpsraiere o€/0C anddhe relativd Bundidifss, ur é}% :

relative %(ﬁl ty of 5% The magnetic recording hgg‘gfmv\%s ficig Ortﬁtc])‘faga
specific r vap dixed ton spesifis redial positian abotre thesurkgreesf the rhagmstiti ng
medi um and_was .keFr;t oper at ed a‘( a flying position for consecutive 30 days.
Wien the nGiBEINg e@&ﬁ@é’é‘lﬁ*t‘f“@% 8BY/eperatadhela thong pysition foheonsacytivé ad | ur e
occurs durd'égg the CFT durability test, the magnetic recordi ng nedi um and
t he magneti1C fecording head were taken out fromthe nagnetic recording
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t he magnetthe magretidiregordiraphead 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. Furthemmore, 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 confinuously 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.




exam ned. Furthernore, the G VIR el enent portion and the shield
Eﬁﬁfion were precisely exanm ned by the scanning el ectror?lnfeguss2¥ioe (SEN%
‘at the magnification of 10000 in order to detect very small corrosion. The
Cl FT test was passed if the magnetic recording medium 10 survived f
- consecutive 14 days or nore. The survival after the consecutive 14 days o
the CFT durability test corresponds toz%ctual use for about 10 years in an
ordinary environment of the magnetic recording apparatus. In the magnetic
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[ ch and Pt) from the magnetic layer, the nagnetic recording
Irrggisu%s\lljvasb%gf‘gﬁiv\‘ﬂ%mw)mﬁd lodhpenagnatic recotdingiappartagusenvi ronment before it

' [ tus. Specifically, the
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medi a, 10Qecording apparatigr e produced. Bythe use of ahead having a flying
hei ght of 10 nm

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
Emissibn) sensor (piezoelectric element) mounted to the head suddenly
diverges in alf 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 lowe_r. Thus, a higher pass ratio is desired but 90% or more




a full-face glide test was carried out for the 100 magnetic recording
medi a. Upon occurrence of the fly stiction, a glide sigridlAwpst 286ed by an
AE (Acoustic Em ssion) sensor (piezoelectric elenment) nounted to the head
suddenly diverges in all tracks of the magnetic recordi ng nmedi um
Therefore, occurrence of the fly stictign can be detected by observation
usi ng an oscill oscope. Upon occurrence?df the fly stiction, the glide test
pass ratio is dramatically decreased. Therefore, the tendency of

po the 11y SeiipRol Y8 B siotRarasiilodk ahthiSe ajodustion netis the
producti onjmééséébhp%gg Wim??iai'?@h?@errﬁpﬁass ratio is desired but 90% or
S

nore 21 August 2006 I's su Fhe fly stiction test pass ratio
is 80% the pl‘Odl&h@%ﬂg i increased but falls within an all owabl e
range. Exanples 2-5 I'n anpl es 2-5, magnetic recording nmedia were produced
by the use of SWERQMW i@ ! i, 0 those
described in conjunction w fﬂ%tgﬁgﬁﬂa‘%ér?é?lﬁg%(g@g%r%é)%@eﬁrﬁyo el’:‘?&rﬁfl e |
except t hestibstrates agd a Srekiction prddessisimfxaerhese agsﬁibeﬁ’in%ﬂj}ﬁ’cﬁwe.

ni trogenated carbon protection [ayer 4b was forne y sputtering using a
m xed gas #dhitae magneticeesordisg mediimn o€ Exairipl® 9 &ixcapsthiiblidwiRgd a ‘
concentration 'ﬁf é{2=5% 20% 24% and 31 % so that the contenht of nitrogen
in the nit PBEEHSRIYEINCEX®ERIgH 2% Aod 5, Henitrtigenatedecabbn prstesatidn layef %
8at % and -&@at%f reSﬁ ctiveélg){,. The flow rate of the m xed gas was 40 sccm
The nagnet I'¢ Y&JGMF g’yn%lﬂ Ing Wsing: » fixedigae containing et Adgasand the
characteri ﬁirtrjo ity tests simlar to those nentioned

cvove. o PoBeBSIM-ARGTLE piftebiebon bridEhy Sofksodh naicikrn patos & ana
o on"roreel TR R RESAUIES b o B et °
et of o] SSTRSDE nB RS b RSFRl. e e SRR 4t
was for medgars/wapdltsocimg Tisé neaghelit Xesbraing ri8diaahls Brodud8dAVere
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 evaiuation and

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




gas and the nitrogen gas which had a concentration of 16% so that the
content of nitrogen in the nitrogenated carbon protecti ol fugust200s equal
to 6 at% The flowrate of the m xed gas was 40 sccm |In the magnetic
recordi ng nmedium of Exanple 6, the nitrogenated carbon protection |ayer 4b
had a thickness of 1 angstrom In the rgrlagneti c recordi ng nedi um of Exanpl e
7, the nitrogenated carbon protection Ider 4b had a thickness of 15
angstrons. The magnetic recording nmedia thus produced were subjected to
charact eri stiife qval uation and durability tests simlar to those nmentioned
above. The results are shown in --------- 21 August 2006 30 Table 1.

Referring to Tabl - ' tion.wi Ll be nade of t Its obtained in
Eeanpl e 1. 7. Tnd oo A i bohiglreiot By o orifs ftile obiiadimg.

medi um sur \Exgap880-11 MBSe Bin-BRY ' es 1-7. the magnetic
recordi ng nedi appassed th%B{neEsﬂtq. Ihfggtﬂhéggésa{q(ﬁﬁ MAdels recriiBCFT ¢ est
ver e passednéediumheumReasiocimes &R hbraY IFES ke 760Q, Ll Tes or
nore and 14 days or nore, respective?y. L%%#ﬂe\éxegﬁp&%srggg%mt he
magneti c r ¢ecordingmedid pagzasistee tehe tests. As the content of nitrogen in
the nitrogenated carbon protection |layer 4b was increased and exceeded 7

~at% the pi n-on-(iﬁl‘@ld_lﬂudatahility\,testéamisthe(E:Fbletest}w&ﬁbl?héé’edj#ﬂieeﬁfé Hetic
Therefore, it is understood that the content of nitrogen on the surface of
t he ni t r ogéReRTEMIGALHLM BRI BOM,008 fistesals moref adhbd allor mobi hi n - a
range between 4 and 7 at% _|.n all of Exanples 1-7, the content of hydrogen
in the hydfoYREEiVEY: %ﬁ'gehéﬁﬁw&&iﬂnth&dyagnet& weording anedia passet e ‘No

ni t rogen Wassidet ect ed at all. Furthernore, neasurenent was nmade by the use
of the X-ray electron spectroscopy for chem cal analysis (ESCA) and the

cont i Tmod hat. (% o PO of AREERITAS HibESatieddiarban Pistosioniavpisden i n
the nitrogwagtineletasd aRdRIxeEEAEH Tatb@YRE pihor-isk 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 resuit, it wés 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.




| ower than the concentration of hydrogen in the hydrogenated carbon
protection |ayer4a as shown in Table 1. In this event, t2ieAddusfZ2i06énce in
filmstress between the nitrogenated carbon protection |ayer 4b and the
hydr ogenat ed carbon protection |layer 4a was reduced. It would therefore be
possible to prevent decrease in adhesiye strength of the carbon-based
protection layer 4 as a whole. 21 Augd%% 2006 31 Conparative Exanples 1
and 2 In Conparative Exanples 1 and 2, magnetic recording nedia were
produced by the 3 E n production process simlar to those
described in conj tic recordi ng nedium of Exanple 1

ot ogenated. . caltogmesRetle Edhblts 1A 2CREERER: ey hh e dalrs 4t 06 i n
Conpar at i Vgrodé ahebisRst s%bsfrﬁf%%%ﬁ{dﬁﬁdducﬁgﬁ gfr@%%éé%gﬁgﬁgfsot fhidSe

ni'trogenated carbo protection layer 4b'was e _ rons, like in
Exanpl es 1d&scribed inrwﬁwd&ioﬁfwim@&ﬁé@ﬁétﬁ.{ fe@oRNAY H@dil.gﬂ &@(aggﬁéh' lity
tests are shown in Table 1. Conparative Exanples™ 3 and 4 In npar ati ve

Exanpl e 3, excephinefollowing.or Specificaty) the conteriis of nkRgenll thé pitttgenafeda
substrate and a production process simlar to those describedin

~ conj unct i onanoniprotestiondmeridb wersoeqglialdp RedVuand B dwinTempaerivept that the
ni trogenated carbon protection |ayer 4b was not formed. In Conparative
Exanpl e 4, EXamalgsct rad e sesraatiyeive dT benthislsnessxfibe aitragenated oaboof a

substrate ara(i?a{, %troduc i on proq%ﬁcz @i mlar to those described in

conj unct i oRMAfRFeN:IR¥eT A Miasi &d 19 ARgstres ulikeoin Exampies 1-5.exTeet t he

f ol | owi ng. cifically, .lLike in Exanple 6, ..1he content of njitrogen in the
ni t r ogenat %egﬁﬁgpggﬁar i;t%résélpied/ﬁllqaggg@%ﬁﬁq@@h@%g{s 8 s@o&frb@%lq ﬁe
nitrogenated c P4 eéiérﬂﬂlek@’ﬁﬁd 4b had a thickness of 20 angstroms.
Theresul tsof chHaracterrstrc evaruation and durability tests are shown in

Table 1. Conparilﬁcmomgbmi% @Wﬁb%?ajméglé’nﬁﬂ: (R BRAN Héﬁmﬂé@au&eé o In

Exanpl es 1-5, the content of nitrogen In e nitrogénate
pr ot ect i onby thecusedbf & eubstratehant 4 beoduafion phetesadimftaptc$habd deQciddinl N this

conjunction with the magnetic recording medium of Example 1 except that 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
nitrogenatéd 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.

Comparison between Examples 1-5 and Comparative Examples 1, 2

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.




event, no corrosion occurred in the AVIR el enment and the shield portion.
On " the other hand, in Conparative Exanples 1 and 2, the Zlofkugst 26
nitrogen in the nitrogenated carbon protection |ayer 4b was smaller than 4
at% In this event, corrosion occurred in the GVIR elenment and the shield
portion. 21 August 2006 32 Consi deratié‘)g will be made of fly stiction. In
Exanpl es 1-5, the content of nitrogen the nitrogenated carbon
protection layer 4b fell within the range between 4 at% and 10 at% In
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coverage of the lubrication layer 5 is preferably not smaller than 80%
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& 4 I n Conpar at¥¥ < LN,
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stiction did not occur and the coverage an
| ubri cati chelcayerade sfthe lubpncationdaydiBTrae 'smalRi tI94$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
prefe_rably not smaller than 80% and, in this event, no corrosion occurs in the
GMR element and the shield portion.

Comparison between Examples 1-7 and Comparative Examples 3 & 4

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 garbon 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 5 wére 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. ' |




durability tests, such as the pin-on-disk durability test, the LUL
durability test, and the CFT durability test were not padséeguspA00hugust
2006 33 Therefore, taking the above and the results in Exanples 1-5 into
consideration, the thickness of the nitrogenated carbon protection |ayer 4b
preferably falls within a range between and 15 angstrons. Exanple 8 In
Exampl e 8, a magnetic recordi ng nmedi umwas produced by the use of a
substrate and a production process simlar to those described conjunction

with the magneti rdi diumin Exanple. |. except the follow ng.
Specifically, t'ﬂ\'@g{eﬁ@% géaﬁ'}?g % g MHW! Emplest hé inteagnet i ¢
recordi ng ji e by Z-TETRACL Jmanuf actured by
Ausi mont . Hﬁ}lﬁéelé!??ggiépﬁé%gp ’cgﬂg?%\@fteh:el trgég'g?}gﬁﬁﬁquré’fgﬁ?t@lﬁ'ﬂ%‘?q Ry tests of
t he - magnepjed AROF ! i L BefRrdp IS included in Table 1. The
cover age aFr)\d ?!F\e b?ﬂﬁpﬁtgﬁgtﬁ@é@?e |rrplrI %\?gdfstao'{%&% d 75% respectively.

In the pin-on-di EkgmpkeglLUL, and the CFT durability tests, the results were
1420 times, 800,000 tinmes, and 30 days, respectively. Fromthe above, the

| ubrication | ayeln Exarhple Syagnagnetic &soordl Rg%ém@th%%rdd*ﬂﬂcédidyﬁgghg%fi S

preferably formed by the use of a Z-TETRAOL series lubrican

| ubri cant @é&Hbafraterand & produstion phocessiiingat o thbse desyfidd ednjuRtsbAkiten of
contam nants to the nmagnetic recording head can be suppressed. Therefore,
in the LULheyBegneln eordieg meskurern &xaniply 1sxcept the fokowing. s Sppeifissiid. | n

addition, th urability is high. It is therefore possible to achieve- a
~ high produ‘i‘?ﬁﬁﬁ”?ﬁ’&f’éﬂ%\%@'bac?ﬁlfgjhlafys&mwﬁﬁgagwwgepprdumnmmmofzooe 34

arive i n LR PeSao0E0S LY TEh R Mieria dwacmoAHsienant. 1 o r ecor ded by
the use of a MAORE tesuiE GPERAAGIAT e%%lﬁtigﬁ%%hiJu?ak')aifit?/st%g{seoft\hé Bearing
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 CET durability tests, the resuité 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 suppréssed. In addition, the durability is high.

It is therefore possible to achieve a high production yield and a high recording

density.




(NPAB) slider so that said nmagnetic recording head can have a flying height
not greater than 15 rim said magnetic recordi ng nedi um c%mb‘#%ii@ﬁ a
substrate; a magnetic |layer formed on said substrate; a carbon-based
protection |ayer conprising carbon and forned on said nmagnetic |ayer; and
a lubrication |ayer forned on said car b¥n- based protection |ayer; said

car bon- based protection |layer conprising a rear boundary portion facing
sai d magnetgralpger and a front boundary portion facing said |ubrication

| ayer, said rear boundary portion conprising carbon and hydrogen, said
front boundary portiAmagngticdiecgrdiog myetiomewhichtis coopnteditog bandbdisk and

nitrogen. 2,. ' (Aol diumas clajmed in.Claiml rein
i 0 Sor bordrive I Pohy Trlisa® P Rig R ChRh TRDonoh & kit BY
protection thayese bhel nihghrtid reBoRMd tichdVsh a MNedative PRIsuBS WHBEYRGr t i on
and a nitrggenated carbon protection |ayer facing said |ubrication |ayer

as said frioABbLslidessp that spidhmagaetic Freeardigarheasticanheye afving beighh | ayer
conpri sing ; -0 : pratection |ayer
el ud; ng et oA Bh Y ARG ek Lod ARt e A PP EIRR SRS’ R mgne &
recordi ng nmedi una salpgtratej ng: substrate; nmagnetic |layer forned on said

substrate; carbon-based, protection |ayer ,conprising carbon and formed on
sai d magnetic |aaym%9ngﬁa'§/%wm%fg9néﬁh sHhstraer ned on sai d car bon- based

protection layerg c%%&-ﬁﬁéé@gsrét%%ﬁgn Pl’é?‘%ne%hﬁ'ﬁslr@; E?thg‘r?]fﬁbbsfogﬂea air !

~boundary portion facing said magnetic”layer "and oundary portion
faci ng sai csaidiprdgreticdayer] aydr, said rear boundary portion conprising

b d hyd . said f t _bpund ti i,ncl.udj. hyd but
compr i si g car balBHERT IBYGEIPMSE of Salsicafbpbased QipEcton BRtbased

protection | ayers#@eafion-Hasel ot anaNayacaaiang aieal BeLh@ary porién f aci ng
said magnetic | ayer as said rear boundary portion and
-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 comprising:
a substrate;
a magnetic layer formed on said substrate;
| a carbon-based protection iayer comprising carbon and formed on
said magnetic layer; and
a lubrication layer formed on said carbon-based protection 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 frbnt
boundary portion including no hydrogen but comprising carbon and nitrogen;




a nitrogenated carbon protection layer facing said lubrication | ayer as
said front boundary portion, said hydrogenated carbon prdtéegusb?0éayer
conprising carbon and hydrogen, said nitrogenated carbon protection |ayer

i ncluding no hydrogen, but conprising _carbon and nitrogen, wherein said

ni trogenated carbon protection |ayer i S% ormed so that the concentration
of nitrogen with respect to carbon falls within a range not snaller than 4

at % and not greadfd daissh-bAsad Frotéetioh ragaﬂgéhﬁr@@poa H&%glﬁﬁgiéél”%é}ﬁoﬁ ai med

in Caim3, wherein said nitrogenated Carbon profection™l ayer has a
t hi ckness niyotegiignl layen fagingisaid mpgnetio layer amsaigrrear boundary pobtiemgsdr ons.

5. A magnetjc. | ' .Cl aj in C ai . erein said

bt catt ort MEEed SO PRIER VAR Jake Sl MiodioR, Blls ad e
magnet i ¢ r efearttiouhdaryg purtions saidaiyaesgénatst Ziafbch ﬁfﬁl’@(ﬂ@ﬂ&;éﬁ(‘:&ﬂbﬂ%@?at ion
| ayer has a bonding ratio which is not spmaller than 70% 7. A nmagnetic
recor di ng reaiPamareniydreger said sitfpgenaited carhagnerotectionylayer iBEMEINDOAC sai d
substrat e; - ' WA | S carbon and forned on
sai d rrxalgnetli“;éﬁli5 %r@ﬁ}%@@rsﬁi%@gﬁ#gﬁ rﬁﬁ?ér%‘b%&ggon sai d carbon-based
prot ection | ayersaidanitrogenbted- ltasesh [proteztivhotayenyisr foargl isoi nbak thear
boundary portion, facing said magnetic |ayer and ront . boundar ortion
faci ng sai CINgERALen nﬁW@P,WgﬁirﬁsPﬁ% %&i‘%&‘?ﬂ 35‘4%?"("? 306%‘?9‘%/@%#159
carbon and diysifdRan 45Rb4'ahd ABE gredfaiAgRY 0RAL4 | on including no hydrogen but
conprising carbon and nitrogen;~ wherein sald front boundary portion is
formed so that the cohdeagnetic meonding mediogeasvilaimedeimpGlimt 3, whetedm fal | s
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5. A magnetic recording medium as claimed in Claim 3, wherein
said lubrication layer has a coverage which is not smaller than 80%.

6. A magnetic recording medium as claimed in Claim 3, wherein
said lubrication layer has a bonding ratic which is not smaller than 70%.
' 7. A magnetic recording medium comprising:

a substrate;

a magnetic layer formed on said substrate;

a carbon-based protection layer comprising carbon and formed on
said magnetic layer; and

a lubrication layer formed on said carbon-based protect'ion 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;
wherein

said front boundary portion 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%.

8. . A magnetic recording medium as claimed in Claim 7, wherein

- said carbon-based protection layer comprises a hydrogenated carbon




protection |ayer facing said nmagnetic |ayer as said rear boundary portion
and a nitrogenated carbon protection |ayer facing said |dbAvgust 28 | ayer
as said front boundary portion, said hydrogenated carbon protection |ayer
conprising carbon and hydrogen, said njtrogenated carbon protection |ayer
i ncluding no hydrogen but conprising bon and nitrogen. 9. A nmagnetic

recording mediumas clained in aim8, wherein said nitrogenated carbon

protection pryestidhaiayer fakingkang maghett By bess shRvedr baess RQt
greater thatr)l 15 angs%(rorrs.r@io. Aérr%netig recordi ﬁgrrredi unr:S/ngB C aiarred in

C aim 7, whariiragenated qanben eaetestion dgyer fagingasaid isbdcationhlayer ias srid

smal ler th 0 netiG..r | |u s.clained in Cl.aim7,
wherein  sala oy PofiRRLShhidoqEaHRE oL PSR EeaBo il | o
than 70% learbAnraghkydrogercsuidinigogamtitedncarmor piot@stionnafbeingludlingyher ei n
said lubri caﬁon I% er has a coverage which is not smaller than 80% 13. A
magnetic r cRYIAORY PHEEPMRTIEE0 QaEhoraNd Mitt9g8 ! 8, wherein said | ubrication

layer has a bondpng I RlhAgMc edotaiRg' maHRi 85 disiffhd it s \IRRIR! [ ©
recording nmediumas clained I n arnti, erern said |ubrication Tayer
conpri ses asdidiniregenatéd caripn potectiosr layeahag mothitknass inptl smater thaoup (OH )

Qaim 1, WGP Baf SOt alsatet Do BRI Ed um has a principal eurface
Conpri'si ng. sai d rdaneri g eACieorfing e o8 Jeinke ORI T WA 1° 1
A magneti c $aid diiicafiondalicniassa eoverage whichdsaiohsimallehthan 80%sai d
lubrication |ayey hasy 3,8 I GG rdilE! mEkivh 2l JSnRo XIS 7. wherein
said lubrication layer has a bonding ratio which is not smaller than 70%.
12. A magnetic recording medium as claimed in Claim 8, wherein
said lubrication layer has a coverage which is not smaller than 80%.
13. A magnetic recording medium as claimed in Claim 8, wherein
-said lubrication layer has a bonding ratio which is not smaller than 70%.
14. A magnetic recording medium as claimed in Claim 1, wherein
said lubrication layer comprises a lubricant having, as a terminal group, a
hydroxyl group (OH") or a carboxy! group (COOH).
15. A 'magnetic recording medium as claimed in Claim 1, wherein
said magnetic recording medium has a principal surface having a surface
roughness Ra of 0.7 nm or less.
16. A hard disk drive comprising said magnetic recording medium
which is claimed in Claim 1.
17. A magnetic recording medium as claimed in Claim 1, wherein

said lubrication layer has a thickness smaller than 18 angstroms. -




