DESCRI PTI ON MAGNETI C DI SK AND METHOD OF MANUFACTURI NG THE SAME 5Techni ca
Field [0001] This invention relates to a nmagnetic di sk adapted to
be nounted in a nagnetic disk apparatus for recording information, such as
a hard disk drive (HDD), and a method of manufacturing the sanme. 10
Background Art [0002] Conventional ly, magnetic di sk apparatuses
have enpl oyed the CSS (Contact Start and Stop) systemin which a magnetic
head is held in contact 15with a contact-sliding inner region surface on a
magnetic disk while the apparatus is stopped, then at the tinme of start-up,
the magnetic head is slightly fl oWES(HRETIOB sliding in contact with the

i nner region surface and then recordi ng/reproduction is started on a
recordi ng/ reproduci ng region surface | ocated outside the contact-sliding

i nner region syrf [ Hgkfa [ SN ry to provide the
contact-slidi n%‘%‘ﬁﬁ}@ @}‘#'{]ﬁSDﬁg %g"]l %“r%&\&@r&tﬂﬁﬁﬂe{fﬁ@ SAMéO
recor di ng/ reproduci ng region. [0003] Further, in the CSS system in
order to prevent contact adhesi on between the rmagnetic di sk and the
magnet i 6 hdadnhmbalmelgei ng stopped, it is 25carried out to provide a
concave-convex shape with a certain surface roughness, called texture, on
the mai n surfacef01f he magnetic disk. Further, in the CSS system it is
carried out that_the surface of the nmagnetic disk is coated with a
protective |ayer Thi§ idreqdipn rejaimisde echagmeicriiginadanted fesie masimiasbintaact sl i di ng
of the 2 L _— . . .
magnetic disk apparatus for recording information, such as a hard disk drive
(HDD), and a method of manufacturing the same.
10
Background Art
[0002]
Conventionally, magnetic disk apparatuses have employed the CSS
(Contact Start and Stop) system in which a magnetic head is held in contact
153 with a contact-sliding inner region surface on a magnetic disk while the
apparatus is stopped, then at the time of start-up, the magnetic head is slightly
flown up while sliding in contact with the inner region surface and then
recording/reproduction is started on a recording/reproducing region surface
located outside the contact-sliding inner region surface. In this CSS system, it
20  is necessary to provide the contact-sliding region on the magnetic disk apart
from the recording/reproducing region.
[0003]
Further, in the CSS system, in order to prevent contact adhesion
between the magnetic disk and the magnetic head while being stopped, it is
25  carried out to provide a concave-convex shape with a certain surface roughness,
called texture, on the main surface of the magnetic disk. Further, in the CSS
system, it is carried out that the surface of the magnetic disk is coated with a

protective layer in order to protect the magnetic disk from contact sliding of the



magneti c head, and so on. [0004] On the other hand, in recent years,
the LUL (Load Unl oad) system capable of an increase in recording capacity
has started to be enployed. In 5the LUL system a magnhetic head is
retreated to an inclined platformcalled a ranp | ocated outside a nagnetic
di sk whil e being stopped, then at the time of start-up, the nmagnetic head
is caused to slide fromthe ranp, aftef the magnetic disk starts to rotate,
so as to fly over an LUL region on a surface of the nmagnetic disk to
perform recordi ng/ reproduction and, therefore, the nagnetic head does 10not
make cont acvagidlidinegdoand sreomagneti ¢ di sk. [ 0005] In the LUL system
since it is not necessary to provide a contact-sliding region for the
magneti c head onl349él surface of the magnetic disk as in the CSS system
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provide 20 texture as in the CSS system and thus the surface of the

magnet i ¢ dirgkpdacatde ofiisideteemag netat diskd while bsiegutoddey, tHdnertehe §malgfo an
advantage in that it is gossi ble to reduce the flying height of the
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to be Sol veghy debdrhM¥&HhGReproduction and, thersfore, the magnetic head does
10 not make contact sliding on the magnetic disk.
[0005]
in the LUL system, since it is not necessary to provide a contact-sliding
region for the magnetic head on the surface of the magnetic disk as in the CSS
system, there is an advantage in that a larger area of a recording/reproducing
15 region can be ensured as compared with the CSS system and thus the
recording capacity of the magnetic disk can be increased.
[0006]
Further, in the LUL system, since the magnetic disk and the magnetic
head are not brought info contact with each other, it is not necessary to provide
20 texture as in the CSS system and thus the surface of the magnetic disk can be
further smoothed. Consequently, there is also an advantage in that it is
possible to reduce the flying height of the magnetic head (10nm or less) as
compared with the case of the CSS system and thus to increase the recording
density of the magnetic disk.
25 [0007]
Patent Document 1:  JP-A-2004-127493
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[ 0008] However, following the shift fromthe CSS systemto the LUL
system the corrosion failure of a reproducing el enent portion of a
magneti ¢ head has 5 occurred frequently. Wen the corrosi on phenonenon of

t he head reproduci ng el enment portion occurs, the read error occurs
frequently due to a reduction in output of reproduced signals and,
dependi ng on circunstances, reproducti @ may be totally disabled or a
corroded portion may expand to cause damage to a magnetic di sk while
flying. 10[ 0009] A recent magnetic head enpl oys an NPAB sl i der
(negative HArebleur @ i=d Sdeed by dpalabentifn easily controlling the flying height,
but since a negative pressure is generated at a surface of the slider while
flying, the magn&008] head tends to gradually collect and concentrate, |ike
a vacuum cl eaner verg%ﬁﬂ%hé 15quantities of organic and inorganic adhering

subst ances and sb&O¥i§Y gy 8e sPiLTern the S adtritadia gk s¥ilemag regi on
f . et c . di to th f. f the slider, th b
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present i nwterhemtpdntoreodonts)thetdadtdiadr ocelrst gy ehly sYs tEBredtgiod@posi t ed
substances transferred onto the nagnetic head are cl eaned of f when the

magnet i ¢ h&atPuiak eapredimedctigrslld ahd gleprnding omt dctrstdrdieagepagivatioon t he
surface of the ma etciéc dj%d's:k, while, in the LU system since the magnetic
head 25doed"#Ho?e IRAKY deaRieer 3 rPuPdRf BRTlion &aveRmend do gruse dampge & @ani ng

action is i o ] Then, as a result of further proceeding with
WdorRE YRt s

t he study, sidered that, in the LUL system since the
cl eani ng action jgogpt obtained, the concentrated contam nants
(contam nati on substances) transferred onto the magnetic head, particularly

aci d- based cont afiraeart snagmetic Asas hipldle-PANPABGRAE B AN eSyresiliar | de- based
contam nants, or nitride-based contam nants, 5cause corrosion of the
r epr oduci ngliéere aapableof easin coPuolting theafiying height, but since a negative
pressure is generated at a surface of the slider while fiying, the magnetic head
tends {o gradually collect and concenirate, like a vacuum cleaner, very small
15 quantities of organic and inorganic adhering substances and so on, which are
present in a recording/reproducing region on a surface of a magnetic disk, onto
the surface of the slider, thereby depositing them on the surface of the slider.
[0010]
As a result of the study on a cause of the tendency that the corrosion
20  failure is liable to occur in the case of the LUL system as compared with the
CSS system, the present inventors have found out that, in the CSS system, the
deposited substances transferred onto the magnetic head are cleaned off when
the magnetic head makes contact sliding in a contact-sliding region on the
surface of the magnetic disk, while, in the LUL system, since the magnetic head
25  does not make contact sliding on the magnetic disk, this cleaning action is not
obtained.
[0011]

Then, as a result of further proceeding with the study, it has been



magnet oresi stive effect reproducing element (MR GWR or TMR el enent or the
| i ke) capabl e of obtaining high output tends to be corroded. [0012] As
different froma conventionally used thin filmhead, a 10magnet oresistive
effect head has a recording/reproduction separated structure in which a
recording el ement and a reproducing el ement are separated from each other.
In the case of the recording/reproducti4on separated structure, it is
necessary to forma w de shield of Fe-Ni based pernmalloy or the |ike

bet ween both elenents. It has been found that since this permalloy is an

al I oy |i ablcensideddatiaat; ot thededl. systerhSsifes BRSAEANIHG aslidr ity obfafieent t he
corrosi on phenonenon in the case of the magnetoresistive effect head as

di fferent ftheppndeatratbgdcdntaminastsdcofiteolBitiohrsubstieces arsisfareesentd iee
occurrence of such a corrosion failure, the above-nenti oned Patent Docunent

1 di scl osed"¥PEHE RRAGUATHFUIRt R4iipapp@ Conaminaineueh e sufige-beset i ve | ayer
Cayer on a HaenTaa e RRE e et AR ot PG reBer RN AR BBent yoars, |
HDDs hage } I i reduced &4, Wwei and have often
been usgd %grg% Eﬂf%ér? ysﬁggﬂﬁg@aggm%@ggﬂ?tip@a |dnséé}%%/r% ionally, HDDs

were used ahagrEtorasisBHicOERAR rélRvHEEsy BlenTPURC R TR GRS b orhRY e been
nounted i n nobil e phones, car navigation systens, and the |like so that the

chance to Bke)sgpabeditabtaining midh arperiends tause comocdedsever er t han
conventional has been increasing. Therefore, 5 magnetic disks nounted in
the HDDs are req@ioﬂg]d to be capable of normal witing and readi ng even

under various enyjr t.al _conditi.ons, Accordipal or magnetic di sks, a
reliability testx%gﬂggg&éma CSQV?@W?%U%?@{%E@I#@%W gnvi ronnent al
condi t kpns i 1, Qi

Accolrd?gg tn({) n%ib r%tﬁgﬂé’\i‘é%‘f&% ﬁgé‘{gﬂggg%%rﬁv Hte g&g,UEﬁ%@%p%%tgﬁ%?ré%é? ature and
humi di ty C@ﬂdhhh%co@@@l@ﬁf&%ﬁd@r@ﬂ)ﬂé@@éﬁn@%ieﬁnétﬁ%@r@%@p&%’tﬁﬁ@ﬁneti c disk

froma layer and a substrate formng the nagnetic di sk an en solidified
SO each other. In the case of the recording/reproduction separated structure, it is
necessary to form a wide shield of Fe-Ni based permalloy or the like between
both elements. It has been found that since this permalloy is an alloy liable to
15 be corroded, it is necessary to strictly prevent the corrosion phenomenon in the
case of the magnetoresistive effect head as different from the thin film head.
[0013]
in order to suppress the occurrence of such a corrosion failure, the
above-mentioned Patent Document 1 discloses a technique of setting the
20  thickness of a protective layer on an end face of a magnetic disk to be greater
than that of the protective layer on a main surface thereof.
[0014]
in the meantime, in recent years, HDDs have been increased in
capacity and reduced in weight and have often been used particularly for mobile
25 applications. Conventionally, HDDs were used almost as storage devices of
computers, but recently, have been mounted in mobile phones, car navigation
systems, and the like so that the chance to be exposed to an environment of

use much severer than conventional has been increasing. Therefore,



that corrosion occurs. If the corrosion occurs, there arises a problemthat
10irregularities are forned on the surface to di sabl e nornal

recordi ng/ reproduction as a magnetic di sk. The nmechani sm of such el ution of
the internal conponents and corrosion is assuned such that since
particularly an end face of a conventional magnetic disk is difficult to
cover with a protective layer and a lubricating |ayer as conpared with a
mai n surface thereof, water penetrates into 15the magnetic di sk through the
end face in a high tenmperature and hum dity environnment and conponents of a
magnet i ¢ | ayegnetia diskbstowtted irathe HDD9 Breafeguities $ObY edpaiile bhgom@ier and t hen
di ffused on a surface of the magnetic disk. [0016] As disclosed in the
above- ment V688 apdireadindevanwnderlvarioys sevironmgentabc@tiitinsk ndssordihgtyhe
protective layer aon C{}Q(e end,. face of the magnetic disk to be greater than

t hat of thé‘”d%é%%tci S gyelatdlity taskisrpariprageoydearing fhest under sevepossi bl e to
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tends tg furtherjgoaeyease in recent years and it has been found that, only
wi th 25t he techni que disclosed in the above-nentioned Patent Docunent 1, it

i s not sufficienActardipyayend stulig obthiet pregeraflinROIRENENS HgHefRer@8ion caused
by water adhesion to an end face of a nagnetic disk particularly under high
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mechani sm of the occurrence of the corrosion phenonenon

to a proteakiaveapastierdigind ’hd mbshgadrh pgsl@yUtiOf obtheagRetdic di sk,
particularly to the protective |ayer and the lubricating |ayer on an end

face of the&odipgkenia@ndasriasioass hsswhedsudmthensinue patiiediarly kaweddacs! et ed
this i nventoif 8 r{‘:bn\geg)n%%%l magnetic disk is difficult to cover with a protective layer and a
lubricating layer as compared with a main surface thereof, water penetrates into
15 the magnetic disk through the end face in a high temperature and humidity
environment and components of a magnetic layer, a substrate, and so on are
dissolved in the water and then diffused on a surface of the magnetic disk.
[0016]
As disclosed in the above-mentioned Patent Document 1, by setting the
20  thickness of the protective layer on the end face of the magnetic disk to be
greater than that of the protective layer on the main surface thereof, it is
possible to suppress the elution of metal ions of the magnetic layer. However,
the requirement for reliability under high temperature and humidity conditions
tends to further increase in recent years and it has been found that, only with
25  the technique disclosed in the above-mentioned Patent Document 1, it is not
sufficient to prevent the elution of components and corrosion caused by water
adhesion to an end face of a magnetic disk particularly under high temperature

and humidity conditions.



Enbodi nents of the present invention are disclosed in the follow ng

par agraphs. [0020] According to a first aspect of the invention,
there is provided a magnetic disk conprising a thin filmconprising a
magnetic | ayer, a carbon-based protective |layer, and a |ubricating |ayer
formed in this order over a disk substrate, wherein a main surface and an
end face of the nmagnetic disk are covered with the carbon-based protective
| ayer, the Calﬁ’@?ﬂ based protective |layer contains nitrogen at a part

adj acent to t ubricating |ayer, and the content of nitrogen atons
relative to tBRbLEARLERT oOtheC Brban at@®ni frotvide pmadgaetd \iiskl eapablef of med on
the end face is equal to or nore than the content .of ni trggfgn at.ons

rel ati vesuffoienly eameenngghe chriognolatngmealisompreett Soat e vid G5 P £ med on
the main Sdgﬁgti%%?sk anfl thO8&hkence I AtroSBRIAIIE N al EREPBE ABkuRSuuitid r ogen
atons relafivVe to The content of carbon atoms in the protective |ayer
formed omuchhenamdtiid disle nay be 0.10 (atomic ratio) or nore. [0022] I n
an enbodi ment, the protective layer on the end face of the magnetic disk
may have a coverage of 95% or nore. [0023] In an enbodi ment, the

car bon- bagads for SbealdivePiodkal nay be a protective layer formed by a plasna
CVD nethod. [0024] In an enbodi nent, the magnetic |ayer may be a cobalt
(Co) alloy baE¥d8hagnetic |ayer. [0025] According to a second aspect
of the invent g, L leh chiPhR fAfrARUNAG BL L6RAHAAIHEL REcaTRONEL | C
di sk, wherein oPm ng a magnetic | ayer and a carbon-based protective |ayer
in this of derocoweenca ofitskemsmnmbteomnaopcndpai srghtions i § atcdechine 1av8" end f ace
of the magnpet.ic.di.sk,wi th.the carbqgn:based ective en

dopi ng n?&‘?&glg?f“iahf‘% 4R OL 8BRS 1%1§1e8lc<i’ Eaf’r’@%‘%%{%e&‘%é’ﬁ? &%qu%ga?? tgéc]j acent
to a | ubhitshifiglab@ysr arsénd hat of e danimints ofresnittofaganteationsudglhate ve to
carbon in the protective layer forned on the end face is equal to or nore
t han t he cewpleBAtthisfVgRriGhogen atoms rel ative to the content of carbon atons
in the protecgd\{g]layer formed on the main surface. 8 Effect of the

| nvention [ 00 6O] According to the first aspect, a carbon-based
protective | aferodiorentsiafshapreyeoyenenion areqghisclosgdijraibe fllomangpargiirnléat i ng

| ayer and the @gﬁaent of nitrogen atons relative to the content of carbon
atons in the IB ctive layer formed on an end face of the nmagnetic disk is
equal to or noceotit@notfrs€anicentbs dfe invdntiogethert ionsoviéddas inventtex dike cont ent
of carbon atons in the protective |ayer, formed on a in s,uriace of the
magnet i c CEMBRSIG RN PR CEMPISHE &4nagngta Bydyp F?YB?%H?%‘?@%&%WE QH B el uti on
of inter %%b&éaﬁﬂgfag&t Sraffint A8 REGWHECNES AfbsCGAET VS8R aGRMS SGRY @t er
adhesion to the end face of the magnetic disk particularly under high

t enper at wnendiderndtlicdinegneto debktaropeyerqdopgiyhe carbon-based protective layer, the

carbon-based protective layer contains nitrogen at a part adjacent to the lubricating layer,
- and the content of nitrogen atoms relative to the content of carbon atoms in the protective
layer formed on the end face is equal to or more than the content of nitrogen atoms

relative to the content of carbon atoms in the protective layer formed on the main surface.



Further, according to the second aspect, it is possible to suitably

manuf acture a magneti c di sk that exhibits the above-nentioned effect. Brief
Description of the Drawings [0028] Fig. 1 is a side sectional view of a

gl ass substrate. Fig. 2 is an overall perspective view of a nmagnetic disk.
Fig. 3 is a schematic structural diagramshow ng a nitrogen dopi ng net hod
in an Exanpl e. Fig. 4 is a schematic structural diagram show ng a

ni t rogen dopiQ% met hod (conventional method) in a Conparative Exanple.
Description of%8{hbol s [0029] 9 1glass substrate 10magnetic di sk 21 to

24ni trogen pl gsoBe GEAGHAL MY cSAM G2 5itRBES hioMR8afi R 10 GRS EoHte oDbibdhe
I nvention [0030] Her ei nbel ow, the best node for carrying out this

i nvent i ontowislih tiseraesiveildyedfommedien diclend foo 3wy bedA Mfakgrae raiodPEROGF t hi s

i nvention has(% 2anetic | ayer, a carbon-based protective |ayer, and a

| ubricating Igy% formed in this order over a disk substrate. Herein, the
protective | ayein ansbdifient] thbpraativadgleayetheame fpreonditbechafoaticplisktregt i ng t he
magnetic |ayer fromcorrosion, abrasion, inmpact of a magnetic head, and so
on. The RAGMEIIVEr2dr ko3P CEMPE i nvention is characterized in that a

[0023]

In an embodiment, the carbon-based protective layer may be a protective layer
formed by a plasma CVD method.

[0024]

In an embodiment, the magnetic layer may be a cobalt (Co) alloy based magnetic
layer.

[0025]

According to a second aspect of the invention, there is provided a method of
manufacturing a magnetic disk, wherein forming a magnetic layer and a carbon-based
protective layer in this order over a disk substrate to cover a main surface and an end face
of the magnetic disk with the carbon-based protective layer, and then doping nitrogen
into the carbon-based protective layer at a part adjacent to a lubricating layer so that the
content of nitrogen atoms relative to carbon in the protective layer formed on the end face
is equal to or more than the content of nitrogen atoms relative to the content of carbon

atoms in the protective layer formed on the main surface.



15 main surface and an end face of the magnetic disk are covered with the
car bon- based protective |layer, the carbon-based protective |ayer contains
nitrogen at a part adjacent to the lubricating layer, and the content of
nitrogen atons relative to the content of carbon atonms in the protective

| ayer formed on the end face is equal to or nore than the content of
nitrogen atons relative to 20 the congent of carbon atons in the protective
| ayer fornmed on the nmain surface. [0032] In a nagnetic disk, a |ubricant
such as, Effstt dfaedBY&@UC8 perf | uor opol yet her - based | ubricant with |ubricating
action and lo Ggy{face energy is coated on a carbon-based protective |ayer
to forma lubricating |ayer, 25wherein, in order to enhance adhesiveness to
and coat abi | i Bgcofling e tHebpti aspast. 2 arbansbasedepretosyelay ey copigimregen@bgen in

t he carbon-based protecti.ve. | [, i rley. - :

car bon- bAd%H Ebdlleaé’ %tc Oi%g“%f“é%%lgqg eétanlﬁgﬁéaflg%:@nétf ntﬂfcf)l(l;%e eﬁ(?rhuifﬁ%g{epﬁéhff ayer .
However , chme@ ofanwentaonain fragretdtive diyek forsiedoa drhendciont efithe ihfenend
nitrogen atonms parti cul arl%ia%lsits end.face is Iovvef .t han .t hat %% '%ts mai n
sur face, 4K 1 Sagrlfip of gpare tmc PRk oL AFORSE AR URIE R 1 ST 8Kt i n thi s
i nvent i 0RuLBY aB8istih B JriiecthRNRAToRled Dhta AH8 RuILRF Heahaddoue disk. THie content
of carbon atons in the protective |ayer forned on the end face of the
magnet i c nokek itt poshiblesiquanfigenslvoruppisse thenelitioh ef dgemangoraronsiis rgghe at ons
relative to the ceont of r A r | e, f.or med on
the mai n°Suf eg?:eeogporf@%nﬁgﬁ%gtb&g‘g%f?igﬁ%lhg t(? Eﬁerél?lgg%%ﬁ%f ﬁ\ﬁg;}]lé ngcn& (E'-: f or med
by suffi gheitilayy adie highgehpeathrtbmddantidigl ®@aditiont.he end face of the magnetic
di sk and, as i rg ult, the surface energy of the end face of the magnetic
di sk decreases?®dithat water adhesion can be suppressed. 10Therefore, it is
possi bl e to sy{fh& &RbldinSHPBRE &St NEp&RL, Ut s0pbsaiblel @A) nearpenents and

t he occurrence of corrosion caused by water adhesion to the end face of the
magnet i ¢ neHgsktiqdisk theidxhibity theredere-mieefirned fettlat ure and humidity conditions.
[0033] 15In order to set the content of nitrogen atons relative to the
content of carbon atons in the protective |layer formed on the end face of

t he magn@triet Dadtbsiptivo obthe Eqaraingt 0 or nore than the content of nitrogen atons
relative to 03%;@%51 in the protective |ayer forned on the nmain surface of

t he magnetic ; the carbon-based protective layer is forned by, for

exanpl e, a CVR;i{ ¢hemti@dbectional view of a glass substrate.
Fig. 2 is an overall perspeciive view of a magnetic disk.

Fig. 3 is a schematic structural diagram showing a nitrogen doping method in an

Example.

Fig. 4 is a schematic structural diagram showing a nitrogen doping method

(conventional method) in a Comparative Example.

Description of Symbols
[0029]



20 Vapor Deposition) nmethod and then nitrogen is doped into a surface of
the protective layer by introducing a nitrogen plasma into a chanber. In
order to positively performnitrogen doping particularly in an end face
area of the magnetic disk, there is cited, for exanple, a nethod of, in the
nitriding chanber, separately disposin% nitrogen plasma generating sources
directed towards the 25end face area off the magnetic disk so that a
nitrogen plasnma is directly irradiated to the end face area, or converting
nitrogen into radicals and showering themto performuniformnitrogen
dopi ng not lonl gashsubsiaier surface area of the magnetic disk, but also in
the end face area thereof. 11 [0034] In order to sufficiently obtain the
ef fect by ﬁﬁ%s'ﬁﬁ@@ﬂpﬁ%ﬂi the content of nitrogen atons relative to the
content of n at. i h rotective | ayer formed on the end face
of the nag%gﬁﬁgadisiﬁ&%”b@@%@§§%P§m®pgéoyﬁﬁﬁnic ratio) or 5 nore. [0035]

A gl ass substrate for a magnetic disk conprises two main surfaces and end
faces each formed therebetween, wherein each end face conprises two
chanf er 8d fBaselodernidi Qaeyag @it fhd echiéh mai n surfaces, respectively, and a
10 side wall face formed between the chanfered faces. In a magnetic disk
manuf act ured usi E§38lich a gl ass substrate, the content of nitrogen atons
relative to carb&n in a protective layer fornmed on each end face of the
magnetic di sk i sHSRIPP]IRY:IHE RESLHRER MY GIMYa eWdkia inuestien aill kaich chanf er ed
face and t tent, of, nitrogen atons at the side wall face are each equal
to or nDreQﬁﬁgﬁﬂ%gﬁﬁgﬁuﬁt the main surface. [0036] It is considered
that the eIutionUﬁ@QPnt of internal conponents fromthe inner peripheral
side end face of the disk is smaller than the elution anbunt of interna
conponeats from Aleagnetiedigkedtitbenantish das andadaar aydh $caboRasadge 20t he
circunferential length of the inner peripheral side end face is snaller

t han t he ciprefasifverieyani ahd bérgichting laybefomedrin es blzebabr soide end f ace.
Further, this is because it is considered that, in a nornmal nagnetic disk
appar at us, SHRST#H@er HpET. Jhe pentedivadayas @nddbe Ivicaiinmiayer ane wovitdedt with a

S mospher o e EaTHS tRaRBYAH Y o AR E RSP cB 20 A g PERko' e RGBT i s
invention weRE 4Rl $RBhY: Thd magn@iEhigk 8PIn%s f08Mtion is characterized in that a
15 main surface and an end face of the magnetic disk are covered with the
carbon-based protective layer, the carbon-based protective {ayer contains

nitrogen at a part adjacent to the lubricating layer, and the content of nitrogen
atoms relative to the content of carbon atoms in the protective layer formed on
the end face is equal to or more than the content of nitrogen atoms relative to
20  the content of carbon atoms in the protective layer formed on the main surface.
[0032]
in & magnetic disk, a lubricant such as, for example, a
perfluoropolyether-based lubricant with lubricating action and low surface
energy is coated on a carbon-based protective layer to form a lubricating layer,
25  wherein, in order to enhance adhesiveness to and coatability of the lubricant, it
is preferable to contain nitrogen in the carbon-based protective layer,
particularly at a part of the carbon-based protective layer that is adjacent to the

lubricating layer. However, in a conventional magnetic disk, since the content



also with respect to the inner peripheral side end face, the content of
nitrogen atons in the protective |ayer be set equal to or nore than the
content of nitrogen atons in the protective |layer formed on the main
surface. 12 [0037] On the other hand, the thickness of the
protective layer on the main surface is often properly set so as to realize
a desired information recording densit&oas a magnetic di sk apparatus. For
exanple, in order to realize the 5desired infornmation recording density, a
predeterm ned spacing (di stance between a magnetic di sk and a magnetic head
duri ng recdf gitingeneperod patticola)ly iat its end faue, is ilowartHen tHap at gahiaze this
spacing, a predetern ned thickness of the protective |ayer on the nain
surface is Sggﬁ‘.:esl'ﬁstdl"ﬁ“émw&rﬁ?é?{ Th?r?é’dtfwfi’:l@ﬁgé%e borica. phothécinvertidrayer on

h [ f h ic disk i ! ined. The 10t hick f th
or ot act 1 ve D apipeghe eREERNLbdv il S do N Tarionial srmoryia®e cqual 1o
t hg - ' . i.nt I

Comonent . et teofee e OBkl o BRI O Rkt 8RR PR L ot ve

llayer a5 misbr asrporsithe eoheht SUMPERSSLDth BSOS tH It ¥R ohhe
increase in recording density of magnetic disks and, fromthat aspect, the

upper | i m t@idrss r5peeirecatieylagetfosgedbn tie oril estadehE#nhGMAgHeRXdIER- 1 D) .
[ 0038] |n the magnetic disk of this invention, the protective |ayer
on the end!aberieatinoHayeics s lereedby pulisisndy edberingbedebiss alsoror . By
eSO B B S s RGP 5P o Bl o
7ot oS Heghle gl ot 00 gl 5L Al B Uspi o™ he
car bonibasatemfoectid pesdisy & siitaGemyddudordds e ARRS S AtE P
components and the occurrence of corrosion caused by water adhesion to the
end face of the magnetic disk particularly under high temperature and humidity
conditions.
[0033]
15 In order to set the content of nitrogen atoms relative 1o the content of
carbon atoms in the protective layer formed on the end face of the magnetic
disk to be equal to or more than the content of nitrogen atoms relative to carbon
in the protective layer formed on the main surface of the magnetic disk, the
carbon-based protective layer is formed by, for example, a CVD (Chemical
20 Vapor Deposition) method and then nitrogen is doped into a surface of the
protective layer by introducing a nitrogen plasma into a chamber. In order to
positively perform nitrogen doping particularly in an end face area of the
magnetic disk, there is cited, for example, a method of, in the nitriding chamber,
separately disposing nitrogen plasma generating sources directed towards the
25  end face area of the magnetic disk so that a nitrogen plasma is directly
irradiated to the end face area, or converiing nitrogen into radicals and
showering them to perform uniform nitrogen doping not only in a main surface

area of the magnetic disk, but also in the end face area thereof.



25excel l ent in abrasion resistance and sliding characteristics.
Particularly, a carbon-based protective |ayer containing hydrogen forns a
high-rigidity stable anorphous structure because H (hydrogen) fills
dangl i ng bonds of C (carbon) and therefore the protective filmas a whole
exhi bits high abrasion resistance. 13 Further, since this carbon-based
protective |layer containing hydrogen hdk an extrenely dense structure, the
function of preventing the elution of nmetal ions fromthe magnetic | ayer is
hi gh. [0040] 5In this invention, the protective |layer contains nitrogen at
its surface porti0f34in contact with the lubricating |ayer. Therefore, if a
portion, in contact with the magnetic |ayer, of the protective layer is
formed as a car bbmonggdiogdticieatlyeebtaindhe effeatdyl thiganvamidnathewohase opor t i on,

i n contact V¥ h th ubricating | ayer, of the protective layer is forned as

t | .
a car bon- ni”Y FQ:Q;?@@%@%@'&BY%%@ icpalanhpbeareen abyne iy therprtiedivsgapemi t r ogen
b d t i Lt f bl e fi this i tion. [0041
T thi o ¢ nodmetEon M abe oh B BB fut Binverer P Pleisrer skigdicy.

di anondsl i kggrear bon protective |ayer mainly conposed of carbon. The 15
car bon- hydrogen based protective |ayer and the carbon-nitrogen based
protective | ayer[0ags} al so preferably formed as di anond-1ike carbon
protective |ayers mainly conposed of carbon. [0042] Such a carbon-based
protective | ayerAigdassqubedalsyfor & oragaetiopisk comp?iRsp s etdimgumaicacshd
Normal Iy, in the s%ucbt eri n(g nmet hod, when carbon atons are sputtered onto a
substrate @A facas fRresdtherehednaen. avhaigineaach andyfece cemposamivoon a gl ass
substrate), re.sputtered perpendicularly to the substrate
with high Icpél@gerrlgﬁ/&%%&%ﬁﬁ@?%‘%’Frb{,?‘eéwﬁrra’t‘@@t“i"f@@@%é%‘?ecit’gelhaﬁﬂﬁ%' f ormed on
i nner apd @ufearalPRES RIRI b strat g er, as 25a

2 Shdeh W&a?ﬁfe{ébefaﬁgg '@%gﬁ%‘t’ﬁ%& ,

result of the study of the present 1nventors, it t hat, by

carryi ng owtarsjfadidrediusthgidiche: gasd Yitrade, PREASARRMDMNEo i ASiohR @ substrate
during formation of a protective layer, the direction of sputtering carbon

atonms is or¢lalivecis casvelr b eprtdcivesayef fdrinedsubsdaradel face afikaneegssid hat the
protect| Vedisk is such that the content of nitrogen atoms at each chamfered face and the
content of nitrogen atoms at the side wall face are each equal to or more than
15 that at the main surface.

[0036]

Itis considered that the elution amount of internal components from the
inner peripheral side end face of the disk is smaller than the elution amount of
internal components from the outer peripheral side end face. This is because

20 the circumferential length of the inner peripheral side end face is smaller than
the circumferential length of the outer peripheral side end face. Further, this is
because it is considered that, in a normal magnetic disk apparatus, an inner
peripheral side end face portion is in contact with a spindle hub and thus a
portion exposed o a magnetic disk apparatus atmosphere is smalil. However,

25 interms of obtaining the effect of this invention more reliably, it is preferable that,

also with respect to the inner peripheral side end face, the content of nitrogen
atoms in the protective layer be set equal to or more than the content of

nitrogen atoms in the protective layer formed on the main surface.



14 layer is formed not only on a main surface of the substrate, but also on
the end faces thereof. By this, the thicknesses of the protective |ayer at
its portions on the nmain surface and the end faces of the disk can be
adjusted to predeterm ned val ues, respectively. 5[0043] The
formati on of the protective layer is not limted to the sputtering nethod
descri bed above, but can be carried out? for exanple, by a plasma CVD

nmet hod while applying a bias. [0044] 10ln this invention, as a material of
the magnetic | ayer, use can be made of a hexagonal - syst em CoPt - based
ferromagnetic al [/ th a | arge ani sotropic magnetic field. As a nethod of
formng the magnetic |ayer, use can be made of a nethod of formng the
magnetic | ayer oR"tthe ofieidenduthetthigkredsyof she pinteative nayamentibe maimr exanpl e,
a DC magnetran sputtering nmethod. By int erEPosi,n% an 15under | ayer between
the glass SWP&tH E‘t‘gteé?rmofg?f@’ $RIGAEAS 1© rpalirera desirgddnigssation ecoslitdnt rol t he

. : > . : ; . e PSP o |
For - exanp! 2 hbF gt Sl s delhrditer et it bk "Erd e 211 oy o
the like, idesiréd PRSEILELE réQr8yRRInskN@ &%dte%ﬁ%lﬂ;sbééif\h?@ﬁﬁinﬁgm ion of the

magnetic | ayer along the plane of the magnetic I'S case, the

magnet i ¢ 2@etederod ntdyectindisk ame enmagestichaarcdurtignec gy iepramatib@cg ur ed. On
the other hand, for exanple, using a hexagonal -system under!layer containing
Ru and Ti, Setand ipelar ke eeaiige 8iis spacingia padgiomied:thzanéssofdhe ect i on of the
magnetic | ayer aleggg‘?the normal of the plane of the magnetic disk. In this

case, the WEYRELY Q0 Be pye Sﬁgﬁﬁ%ﬁoﬁ%ulE&ghﬁﬂ@%qrc’fh?é@@ﬁéﬁsﬁ@fﬁ@?edils )
f s ) tteri t i

The. magnet PSS, Et08GEs Hah B8eeP: beGTED i BHrHeDn Beupr i ses

the | D! catibkibssy fle (o1ddige LAEPBA RARAh r@go%?afin;{@g#sﬁ%se?retﬁﬁg lgfial of

the lubricating layer is not parti cul ar limte u terial is

pr ef er abl y eguealebloentore thadB@s (0% 100 “hhior capbersihg3es cRiioh ©E Intataal ayer
(particularly the carbon-nitrogen based protective |ayer containing

ni trogen) &ARAPAANIBLLY il ik getessary otaddee Bpeibidknesd biythe pr&EBEe layer
(perfiuor O%gln}{fcthhe?sr %oscs%qg?ourns%piprsesgirn%f’{ﬁé %gsl;lc(;aing ?o!I%wlinugbtrhie%r?gréageoi;m ng the
recording density of magnetic disks and, from that aspect, the upper limit is
15 preferably set equal to or less than 60A (60x10"°m).

[0038]

In the magnetic disk of this invention, the protective layer on the end
face of the disk preferably has a coverage of 95% or more. By increasing the
degree of coverage of the end face portion with the protective layer, it is

20  possible to sufficiently suppress, for example, the elution of metat ions from the
end face.

[0039]

in this invention, the protective layer is a carbon-based protective layer.

- Generally, the carbon-based protective layer has high film hardness and is

25 excellent in abrasion resistance and sliding characteristics. Particularly, a
carbon-based protective layer containing hydrogen forms a high-rigidity stable
amorphous structure because H (hydrogen) fills dangling bonds of C (carbon)

and therefore the protective film as a whole exhibits high abrasion resistance.



5l ubricating layer. As such a PFPE (perfluoropol yether) conpound,

al cohol -nodi fi ed PFPE can be preferably used. The al cohol -nodi fi ed PFPE has
a chem cal structure conprising hydroxyl groups (-OH) as term nal

functional groups of the PFPE nmain chain. [0046] 10A known net hod such as a
di ppi ng nethod, a spray nethod, or a spin coating nethod can be used for
forming the lubricating |ayer. The thitkness of the lubricating |ayer is
not particularly limted in this invention, but is preferably set to
normal Iy about 5 to 20A (5 to 20 x10-10m . The thickness of the |ubricating

| ayer in tHeurtrd sraeaharoadoai-bideel progutve kydi sénthinird) SRIrpge! Biakhy set 15to
5to 20A (5 to 20x10-10m . [0047] . In this invention, a glass
substrat e i&terEhedensestiysbe dbe fircticnlns pravesting e glitesokubil omse has hi gh
snmoot hness .and t hus can sati,sf&the requirement for the reduction in flying
hei ght of HEJAETS PaBRAIEI2YSSI$ Bl@ng the i ncrease in 20recording density. As
a material of thg}(ﬁlorss substrate, there is cited, for exanple, a glass
ceram ¢ such as an atum nosilicate glass, soda-line glass, soda

al um nogi | i cate @ gsSinvédilbm HROGHARLE E?c&h?ﬁ’nit e%sétlitis‘é?:hfgc@l ass,

quartz glass, chain silicate glass, or Crystallized gl ass.
al um nosi | ipoatien iglcaamct witpard lubktatgyapsre! Thakkaebeaaissror, in bsntgxcel lent in

i npact resistance and vi bration 25resi stance. [0048] Such an
al uni nosi | ivHt Begnagnstic dayepradhalercdedtivenayes i foemsd messcdragrehyarogsnr f aces of
St ength. APPSO AT 6 SUAEO R brIBEPORC by S1BECaRSdareor mal |
S A oryk B 6L Bl PSR AR PRGBS B AR B en
ek By L ASER EABAT dbagpendla ben patiitr le |
invention.
[0041]
In this invention, the carbon-based protective layer is preferably a
diamond-like carbon protective layer mainly composed of carbon. The
15 carbon-hydrogen based protective layer and the carbon-nitrogen based
protective layer are also preferably formed as diamond-iike carbon protective
layers mainly composed of carbon.
[0042]
Such a carbon-based protective layer is formed by, for example, a
20 sputtering method.  Normally, in the sputtering method, when carbon atoms
are sputtered onfo a substrate (in a state where at least a magnetic layer is
formed on a glass substrate), the carbon atoms are sputtered perpendicularly to
the substrate with high linearity and, therefore, a protective layer is hardly
formed on inner and outer peripheral end faces of the substrate. However, as
25 aresult of the study of the present inventors, it has been found that, by carrying
out sputtering while applying a predetermined bias to a substrate during
formation of a protective layer, the direction of sputtering carbon atoms is

oriented toward end faces of the substrate in advance so that the protective



In this invention, the disk substrate preferably has mrror-polished nmain
10surfaces and the mrror surface quality of the main surface is preferably
such that Rmax (Rz) is énmor less and Ra is 0.6nmor |ess. [0051]
The end faces are also preferably mrror-polished. As the mrror surface
quality of the end face, it is preferably a mrror surface with a surface
15 roughness of lumor less in Rmax (R¥ and 0.1kmor less in Ra. Rz and Ra
are based on the Japanese Industrial Standard (JI'S) B0601 and JI'S B0601 is
a translation standard of 1SO (International Organization for
St andar di zaayeong forf8052] oBpeaid inaal syrfacBafitse destridedt bRolcsPnd 284- 1996
Section 4.1.3 and Ra is 20described in | SO 4287-1996 Section 4.2.1.
Exanpl es [ (8% ther@obi rbeinisnihe tickenberl eishe podtecthiedayenadiisiponionisidn be
described in further detaj| b itin | es. This invention is not
linted to‘?%@@%??’ﬁﬂﬁeﬁ'djgeﬁi‘gﬁﬁ%%& tﬁggg%]ca(“@?aﬁ’ﬁwge‘ifol n this Exanple,
first, a di rate made of 17 alum nosilicate glass and
PR gules (BuR e

havi ng a di hi ckness of 1.5nm was obtai ned froma
nol ten gl ass by giougpt pressing using upper, lower, and drum nolds. Then,
by applying thereto a rough | apping process (rough grinding process), a
shapi ng process, The forawiien ohtHeamptergveiayeeksndifirtetiso e §anrieAding process),
an end face mrror finishing process, a first polishing process,
method described above, but can be carried out, for example, by a plasma CVD
method while applying a bias.
[0044]
10 In this invention, as a material of the magnetic fayer, use can be made
of a hexagonal-system CoPt-based ferromagnetic alloy with a large anisotropic
magnetic field. As a method of forming the magnetic layer, use can be made
of a method of forming the magnetic layer on the glass substrate by a sputtering
method, for example, a DC magnetron sputtering method. By interposing an
15 underlayer between the glass substrate and the magnetic layer, it is possible to
control the orientation direction and size of magnetic grains in the magnetic
layer. For example, using a cubic-system underlayer made of a Cr-based alloy
or the like, it is possible to orient the easy magnetization direction of the
magnetic layer along the plane of the magnetic disk. In this case, the magnetic
20  disk of the in-plane magnetic recording type is manufactured. On the other
hand, for example, using a hexagonal-system underlayer containing Ru and Ti,
it is possible 1o orient the easy magnetization direction of the magnetic layer
along the normal of the plane of the magnetic disk. In this case, the magnetic
disk of the perpendicular magnetic recording type is manufactured. The
25 underlayer can be formed by the sputtering method like the magnetic layer.
[0045]

The magnetic disk of this invention comprises the lubricating layer on

the carbon-based protective layer. A material of the lubricating tayer is not



and a second polishing process in sequence and then applying chem cal
strengthening thereto, a glass substrate 1 for a nagnetic di sk was

manuf actured. This gl ass substrate was mrror-polished at its main surfaces
and end faces. 10[0055] As a result of performng a visual

i nspection and a precision inspection of the surfaces of the gl ass
substrate havi ng been subjected to thelfabove-nenti oned chenica

strengt heni ng and subsequent cl eaning, no defect such as a projection due
to adhering matter or a crack was di scovered on the 15surfaces of the glass
substrat e. phhusyfiagRd BUARE esRe9dl id PRISARDY SKEiaE s afhedibieidihass
substrate obtai ned through the above-nenti oned processes was neasured by an
at om c f or carbtirchasscigpeteCiFEMayanipariasizalytes chitbontriroge nWassculytratecte: t he
magneti c-di sk gl ass substrate having the ultra-snooth surfaces wth Rmax

( Rz) =2. 13nAY8h GORGHRINDORPEMMNdYNEY SeSUKBAG at eolidad SpaciHealyr a P& amet er  of

65 i di anpter of 20mm, .and i ckness. of 0. 635 0056
Ae Shown | RPETHOTOBONEfler ey ieY ‘S PLRER AR o8 L FRRRaBE {wo i n

f 17,41y f in the end
Face 125 con FaUR BR R S PEEr o5 (8o TBR oSl MRk "race 124

fornmed 25 tdhehebelowred.PFHE saebé pfaisfblysudedt Mathetilc?RthRfifiddnerpmner
peri pheral side and the outer peripheral side of the glass substrate 1 in

t he sane mémanerchenealsinutce compdéing sdwikylt dreupn 8O @ademaisald. 8mm i n Rmax
(Rz) and 0.07umin Ra and thus was greater as conpared wth the main
surfaces. fuwtippgsyrpumhehihe iiRfgmaisehdine- waf er sputtering apparatus, an
adhesi ve | ayer, Em%ggt magnetic | ayer, a first underlayer, a second

under| ayer, and netic layer were forned in this order on the obtained

magnet kg di Sk gl AxoRHIRLHAl Sudn ﬁggTd;@gn%?quﬁe;&%fg@ggﬁfé @&g%ggsépr? | ayer

was fornmed by the plasm ubri’ca 5 e urther

forned theceamdimetiiri sHntd Beed® Rtehind theSubRERa ilaéfecﬂ.i Skhd fhicknaBgpet i ¢ di sk
of the perpendicul ar nmagnetic recording type. [0058] As the adhesive |ayer,

a Ti - based tlad lubyicaiimigniafed imnobsartionlaeglimted inlBisincdmtiess bof is b&rarolO0 0x
10-1m. As the soft magnetic |ayer, a Co-based alloy thin filmwas

formed to &etWiRKAEYY abpulcDEL(fs (050122-00mM0m).  The thickness of the

lubricating layer in the end face area of the magnetic disk is also preferably set
15 to 510 20A (510 20x10-10m).
[0047}
In this invention, a glass substrate is preferably used as the substrate.
The glass substrate has high smoothness and thus can satisfy the requirement
for the reduction in flying height of magnetic heads following the increase in
20  recording density. As a material of the glass substrate, there is cited, for
example, a giass ceramic such as an aluminosilicate glass, soda-lime glass,
soda aluminosilicate glass, aluminoborosificate glass, borosilicate glass, quartz
glass, chain silicate glass, or crystallized glass. The aluminosilicate glass is
particularly preferable because it is excellent in impact resistance and vibration
25  resistance.
[0048]
Such an aluminosilicate giass can provide a compressive stress layer at

surfaces of the glass subsirate by chemical strengthening, is excellent in



As the first underlayer, a Pt-based alloy thin filmwas forned to a

t hi ckness of 70A (70x10-10m). Further, as the second underlayer, a Ru-based
15alloy thin filmwas formed to a thickness of 400A (400x10-10n).

The magnetic |ayer was made of a CoPtCr alloy and fornmed to a thickness of
200A (200x10-10m . The protective |layer was a di anond-1ike carbon
protective |layer and was forned by the"EpI asma CVD net hod. The formation of
the protective |layer 20 was carried out while applying an 800W

hi gh-frequency bias to the substrate so that the thickness of the

pr ot ect i ve beagieg sireogiine ri§idlay, (HPadiCesiomnceviblaionmaegistsucd, ane.thé@0H9] After
the formation of the protective layer, nitrogen doping was carried 25out.
As shown i REEPIgNces ig BelpiURipGed tederegpitatian ¢f Na sxgreitta highdemagiastiec di sk 10

formed with the |ayers up.to the protective |ayer, nitrogen plasma

gener ati ng egﬁﬁ?%g%ﬁa,n E%%’Péh%f’g%é%&“ﬁds@L%@@%HW%BBPO%M | ower main
surfaces ofthesamgnetic disk and nitrogen plasnma generating sources 23, 24
were 19 disposed to face the end face thereof, thereby doping nitrogen
into sugfaces ofgpag] protective layer. The nitriding conditions in this
event were such that the gas pressure was 2Pa, the high-frequency power was
100W and the ni The diicigiess wbthseglads sesomtk is5r6@6Mly about 0. 1AM @ resul t of
measuring the nitrogen doping anount in the protective |ayer by the X-ray
phot oel ect r’o‘?{n@pectroscopy (XPS), the contents of nitrogen atons relative
to the contents @)f 5§Erbon atons in the protective layer at its portions
formed on the si (9 |1 face and the chanfered faces of the end face 10and

the main surfaceg WRMAGAON, Pelisd &Rt ;51%%&8?)!}! rlag%;r]or-poiished main
10 surfaces and the mirror surface quality of the main surface is preferably such
that Rmax (Rz) is 6nm or less and Ra is 0.6nm or less.
[0051]
The end faces are also preferably mirror-polished. As the mirror
surface guality of the end face, it is preferably a mirror surface with a surface
15 roughness of 1um or less in Rmax (Rz) and 0.1um or fess in Ra. Rz and Ra
are based on the Japanese industrial Standard (JIS) B0601 and JIS B0601 is a
translation standard of ISO (International Organization for Standardization).
[0052]
Specifically, Rz is described in ISO 4287-1996 Section 4.1.3 and Ra is
20 described in 1ISO 4287-1996 Section 4.2.1.
Examples
[0053]
Hereinbelow, the embodiment of this invention will be described in
further detail by citing Examples. This invention is not limited to the following
25  Examples.
{00541
(Example 1)

in this Example, first, a disk-shaped glass substrate made of



Then, the lubricating | ayer was fornmed by the di pping nmethod of imersing
the magnetic disk in a perfluoropolyether liquid |ubricant and then
heat ed/ burned at 1100C for 60 m nutes so that the thickness was 15A
15(15x10-10nm) . As the perfluoropol yether (PFPE), use was nade of

al cohol - nodi fi ed PFPE conprising hydroxyl groups (-OH) at both term nals of

the PFPE main chain. [0062] 17 As shown in Fig. 2, the obtained
magneti c di sk 10 conprises two main 20 surfaces 101 and end faces 102 each
formed t herebetween. [0063] Wth respect to the obtained magnetic

di sk, the altreinogiécatpintasalanerdivirgeedizhesteadt seasme\wmiduathetnedsol result, the
magnetic | ayer, the protective |layer, and the lubricating |ayer were forned

over the ert?T@ wagpbiainet fiaie adneliendasmby tied presingugng sppey, owersi de wal |
face 12a and tcre t wo, cha.F'f ered faces 12b, 12b of the glass substrate 1.
This al so &PPIG"YE T he ieth&Y apeiinchbesio arquehiappine propess ("aiedhh result of

by - 1 t th f th
r ot ec 1 vo Ak Modtss i A R b FRRS LR ARSI pracBSn o888 Cosa)
Then, t f ey i i i : i . t ai ned
Tt | o Ao ok D G NG BrRES! Dk lo BB o ot ¢

di sk was | eht a secantipghstiegpeaicats irescaafi@nbs ahdithen gopyingBABRicapf 700C and
80%RH for 120 hours and then taken out. Then, it was inspected whether or
not cor r osiSEANGBENINEdberelD, Brasasthseate bfortehmagoetiiek wasdi sk, by a vi sual

i nspection under a high-jntensity hal ogen | anp and an_inspection using an
optical ni &%Eﬁ%fﬁ%fean t Eh??cgi"t‘srsn%%bsﬁﬁ@n‘l" § BWreorRlisped gt fegin surfegesccur r ence

of corrosi erved in the magnetic disk of this Exanple. [0066]
15Aft er th%ﬂg\o@?@(gg?e}h i nspection described above, a durability-reliability

10 [0055]

As a result of performing a visual inspection and a precision inspection
of the surfaces of the glass substrate having been subjected to the
above-mentioned chemical strengthening and subsequent cleaning, no defect
such as a projection due to adhering matter or a crack was discovered on the

15 surfaces of the glass substrate. The surface roughness of the main surfaces
of the glass substrate obtained through the above-mentioned processes was
measured by an atomic force microscope (AFM) and, as a result, there was
obtained the magnetic-disk glass substrate having the ulira-smooth surfaces
with Rmax (Rz)=2.13nm and Ra=0.20nm. The glass substrate had an outer

20  diameter of 65mm, an inner diameter of 20mm, and a thickness of 0.635mm.

[0056]

As shown in Fig. 1, the obtained glass substrate 1 comprises two main
surfaces 11, 11 and an end face 12 formed therebetween, wherein the end face
12 comprises two chamfered faces 12b, 12b and a side wall face 12a formed

25  therebetween. This end face is formed on each of the inner peripheral side
and the outer peripheral side of the glass substrate 1 in the same manner. The
surface roughness of the end faces was 0.8um in Rmax (Rz) and 0.07um in Ra

and thus was greater as compared with the main surfaces.



eval uation was perforned by the followng LUL test. [0067] [LUL Test]

The above-nenti oned nagnetic di sk and a magneti ¢ head conprising a 20gi ant
magnet oresi stiye effect reproducing element (GWR el enent) were nounted in a
magneti c recordi ng apparatus. Then, with a flying height of | Oxm during
flying of the nmagnetic head, |oad/unload operations of the head were
repeated in a high temperature and hunility environnent of 700C and 80%RH
in the nmagnetic recording apparatus. As a result, the magnetic disk of 25
this Exanpl e endured the | oad/ unl oad operations of 800,000 tines. [0068]
After the durabi[d0by}reliability test described above, the magnetic disk
and the nmagnetic_head were taken out of the magnetic recordi ng apparatus.
21 Then, the surflheRsistig & R@gleayaier Beuttirig anparaius| ardadhgsivetlager, aa GVR

by vi sualscl RSN BYeD AR 4R GHEN ARSRERT yNHRIDGE Dol
by a vi sual®fh (P! ; | pediEian
asurt, o Ak 8RR Bl B1de 8RGP R Po b Ao ERBRG LB R ragnt i

di sk and t h\cAREREfI0R-1:R28E prétBBRR layer was forfibl f&yﬁﬁﬁ@%&%mﬁ @ybNRetipgnetic

di sk of this Exanple, the contents of nitrogen ato t he contents of
car bon at ormdianlubhieatipgotyee twasdfultayeformed iHese@oby trngippingtrhethesd fiese and
the main surface and the results of the corrosion 10i nspection and the LUL
test are coNIEEIE diskys ghoagnsiia disktd thelpeendied aTatdgeelic rgq@od 0 type. N C
in Table 1 repre %fnthe content of nitrogen atons relative to the content
of carbon atons @B ic ratio) in the protective |ayer, and the content of

nitrogen atons aﬂg tﬁ@gdﬁé%rﬂ}eelg}/er% T%&éé)oggﬂby%%rﬁmv\%sefo%%a Y5 eeid by XPS.
10 thickness of 100A (100x10'%m).
As the soft magnetic layer, a Co-based alloy thin film was formed to a
thickness of 600A (600x107°m).
As the first underlayer, a Pi-based alloy thin film was formed io a
thickness of 70A (70x107"°m). Further, as the second underlayer, a Ru-based
15 alloy thin film was formed to a thickness of 400A (400x10"°m),
The magnetic layer was made of a CoPtCr alloy and formed to a
thickness of 200A (200x10"°m).
The protective layer was a diamond-like carbon protective layer and
was formed by the plasma CVD method. The formation of the protective iayer
20 was carried out while applying an 800W high-frequency bias to the substrate so
that the thickness of the protective layer became 50A (50x107°m) on the main
surface.
[0059]
After the formation of the protective layer, nitrogen doping was carried
25 out. Asshown in Fig. 3 (doping method B), with respect to a magnetic disk 10
formed with the layers up to the protective layer, nitrogen plasma generating
sources 21, 22 were disposed to face both upper and lower main surfaces of

the magnetic disk and nitrogen plasma generating sources 23, 24 were



15[ 0071] (Exanple 2) A magnetic di sk of Exanple 2 was manufactured
in the sanme manner as in Exanple 1 except that nitrogen was doped into a
protective |ayer by the method shown in Fig. 3 under conditions of a gas
pressure of 4Pa, a 20 high-frequency power of 100W and a nitriding tine
of 1 second. Then, the sane tests as in Exanple 1 were carried out. These
results are collectively shown in | atet®described Table 1. [0072] (Exanples
3 and 4) 25Magnetic di sks of Exanples 3 and 4 were manufactured in the sanme
manner as in Exanple 1 except that nitrogen was doped into a protective

| ayer by a dispisedto mceﬂheibn@famtthetbo(,db@iebg d@ph@Qﬁtrg@emiﬂﬂ%urféé@Qio?i ons of a
gas pressure of 2Pa and a nitriding tinme of 1 second in Exanple 3 and under
22 condi t iteagragciye dayerpr ks nitiding cORiticnsdndhinieventiverg duchrehaifthd second in
Exanmpl e 4. Then, the sa?%t sts as in Exanple 1 were carried out. These

h

resul ts ar JENPELG Vap ighrflegrencydRaaT iR 68| end the[mibdep

5( Conpar at i, | A magnetic di sk was nmanufactured in the sane
manner as itin \Eé%pﬁr}%gga&;éxcept that nitrogen dopi ng was not carried out
after fgrmng a ppgbpctive layer. Then, the sane tests as in Exanple 1 were
carried out. These results are collectively shown in |ater-described Table

1. 10[0074] (Conmpamatsveobxaanirigdhe nitrogen dopifROAAbLSt if sk pi@scriygnuf act ured
in the sane manner as in Exanple 1 except that, as shown in Fig. 4 (doping

nmet hod A), 'aver bydenXviay pHoisetbcinnt spacirssopy (X 8),Itay eonteytsdif sitagjeng ni t rogen
pl asma gen%[{g}%é pe atfsv%utg(%ﬁes cgr%téntzszof%grbon atoms in the protective layer at its
portions formed on the side wall face and the chamfered faces of the end {ace
10 and the main surfaces were each 0.10 (atomic ratio}.

[0061]

Then, the lubricating layer was formed by the dipping method of
immersing the magnetic disk in a perfluoropolyether liquid lubricant and then
heated/burned at 1100C for 60 minutes so that the thickness was 15A

15 (15x107°m). As the perfluoropolyether (PFPE), use was made of
alcohol-modified PFPE comprising hydroxyl groups (-OH) at both terminals of
the PFPE main chain.

[0062]

As shown in Fig. 2, the obtained magnetic disk 10 comprises two main

20  surfaces 101 and end faces 102 each formed therebetween.

[0063]

With respect to the obtained magnetic disk, the outer peripheral end
face thereof was evaluated. As a result, the magnetic layer, the protective
layer, and the lubricating layer were formed over the entire region of the disk

25  endface 102 comprising the side wall face 12a and the two chamfered faces
12b, 12b of the glass substrate 1. This also applied 1o the inner peripheral end

face. Further, as a result of measurement by the X-ray photoelectron

spectroscopy, the coverage of the protective layer over the outer peripheral end



15bot h upper and |ower main surface sides of a magnetic disk 10 _
(conventional nethod). Then, the sane tests as in Exanple 1 were carried
out. These results are collectively shown in later-described Table 1.
[0075] [Table 1] N Doping Method End Face (T) N C End Face (C) N C Min
Surface NV C Corrosion Judgnent L/UL ngt

face was 98%.

[0064]

Then, the following corrosion inspection was carried out for the obtained
magnetic disk.

5 [0065]

[Corrosion Inspection]

The obtained magnetic disk was left in a high temperature and humidity
environment of 700C and 80%RH for 120 hours and then taken out. Then, it
was inspected whether or not corrosion occurred on the surfaces of the

10 magnetic disk, by a visual inspection under a high-intensity halogen lamp and
an inspection using an optical microscope with 50 times magnification. As a
result, no occurrence of corrosion was observed in the magnetic disk of this
Example.

[0066]

15 After the corrosion inspection described above, a durabifity-reliability
evaluation was performed by the following LUL test.

[0067]

[LUL Test]

The above-mentioned magnetic disk and a magnetic head comprising a

20  giant magnetoresistive effect reproducing element (GMR element) were
mounted in a magnetic recording apparatus. Then, with a flying height of
10nm during flying of the magnetic head, load/unioad operations of the head
were repeated in a high temperature and humidity environment of 700C and
80%RH in the magnetic recording apparaius. As a result, the magnetic disk of

25  this Example endured the load/unload operations of 800,000 times.

[0068]

Afier the durability-reliability test described above, the magnetic disk

and the magnetic head were taken out of the magnetic recording apparatus.



Conpar ative Exanple 1 No Doping 0.00 0.00 0.00 NO NO Conparative Exanple 2
A 0.03 0.08 0.13 NO NO Exanple 1 B 0.10 0.10 0.10

21

Then, the surfaces of the magnetic disk and a slider portion, a GMR element
portion, and a shield portion of the magnetic head were inspected by a visual
inspection under a high-intensity halogen lamp and an inspection using an
optical microscope with 50 times magnification. As a result, no occurrence of
S5 corrosion was observed in either of the magnetic disk and the magnetic head.

[0069]

With respect to the magnetic disk of this Example, the contents of
nitrogen atoms and the contents of carbon atoms in the protective layer at its
portions on the end face and the main surface and the results of the corrosion

10 inspection and the L.UL test are collectively shown in later-described Table 1.

{0070]

N/C in Table 1 represents the content of nitrogen atoms relative to the
content of carbon atoms (atomic ratio) in the protective layer, and the content of
nitrogen atoms and the content of nitrogen atoms were measured by XPS.

15 [0071]

(Example 2)

A magnetic disk of Example 2 was manufactured in the same manner
as in Example 1 except that nitrogen was doped into a protective layer by the
method shown in Fig. 3 under conditions of a gas pressure of 4Pa, a

20  high-frequency power of 100W, and a nitriding time of 1 second. Then, the
same tests as in Example 1 were carried out.  These results are collectively
shown in later-described Table 1.

[0072}

{(Examples 3 and 4)

25 Magnetic disks of Examples 3 and 4 were manufactured in the same
manner as in Example 1 except that nitrogen was doped into a protective layer
by a radical nitriding method (doping method C) under conditions of a gas

pressure of 2Pa and a nitriding time of 1 second in Example 3 and under



OK OK Exanple 2 B 0.18 0.18 0.18 OK K Exanple 3 C 0.11 0.11 0.11 OK &K

Exanple 4 C 0.17 0.17

10

15

20

22

conditions of a gas pressure of 3Pa and a nitriding time of 1 second in Example
4. Then, the same tests as in Example 1 were carried out. These resulis are
collectively shown in later-described Table 1.

[0073]

(Comparative Example 1)

A magnetic disk was manufactured in the same manner as in Example
1 except that nitrogen doping was not carried out after forming a protective layer.
Then, the same tests as in Example 1 were carried out. These resulis are
collectively shown in later-described Table 1.

[0074]

(Comparative Exampie 2)

A magnetic disk was manufactured in the same manner as in Example
1 except that, as shown in Fig. 4 (doping method A), nitrogen was doped into a
protective layer by disposing nitrogen plasma generating sources 21, 22 on
both upper and lower main surface sides of a magnetic disk 10 (conventional

method). Then, the same tests as in Example 1 were carried out. These

results are collectively shown in later-described Table 1.

[0075]
[Table 1]
N Doping Enczg)ace EnchF)ace Squ?;c]:e Corrosion | L/UL
Method N/C N/C N/C Judgment | Test
Comparative No
Example 1 Doping 0.00 0.00 0.00 NG NG
Comparative
Example 2 A 0.03 0.08 0.13 NG NG
Example 1 B 0.10 0.10 0.10 OK OK
Example 2 B 0.18 0.18 0.18 OK OK
Example 3 C 0.11 0.11 0.11 OK OK
Example 4 C 0.17 0.17 017 OK OK
[0076]

in Table 1, End Face (T) represents a side wall face and End Face (C)

represents a chamfered face. With respect to Corrosion Judgment, when the



0.17 OK OK 20[ 0076] In Table 1, End Face (T) represents a side
wal | face and End Face (C) represents a chanfered face. Wth respect to
Corrosi on Judgnent, when the 23 occurrence of corrosion was not observed
as a result of the corrosion inspection, "OK" was given, while when the
occurrence of corrosion was observed, "NO was given. Wth respect to LUL
Test, when | oad/ unl oad operations of 808,000 tines were endured, "OK' was
given, while when a failure occurred due to 5 crash or the |ike before
300, 000 tinmes although the LUL test was carried out w thout performng the

corr osi on teirrncadvedtssiort MY n¥esh@hRNas b MM ot OB OSoS ﬁ%g%@%orﬁ‘;]emb' €

1 described above, it is seen that the nagnetic sks "accordi n

Exanpl es cai®KSbvas giveinghhileekhierbinkidoguirenddiel @nrdsRsi was d8sdris@esigron and the
LUL test. On the other hand, for exanple, in Conparative Exanple 2 in which
ni trogen wa¥2%igpen i YWith respecatelsUbflesthehen dtasiiinivad bpsratiotyoft 468,000

conventi on t hod ince.the content of nitrogen atons in the protective
| ayer partﬁLWJ%TSgWFEP (Iérhcfu[r Qﬁi{] WS Vel ddilp whared P@’W&%ﬁﬁ%ﬁaiueitﬁ the main

sur f ace sar easti be e IRBLoRASSHBlR0 A AUAREESS Bt BT adhesional g surface of

a lubricating 15l ayer so that "corrosio of

obt ai ned whon uand ar o Tarser e Aot ryThthe] whi o t he
enbodi ment of thiB077hventi on has been described with 20reference to the
acconpanyi ng draw ngs, the technical scope of this invention is
From the results of Table 1 described above, it is seen that the magnetic
disks according to the Examples can obtain high reliability in the corrosion
10 inspection and the LUL test. On the other hand, for example, in Comparative
Exampie 2 in which nitrogen was doped into surfaces of the protective layer by
the conventional method, since the content of nitrogen atoms in the protective
layer particularly in the end face area is smaller than that in the main surface
areag, it is not possible to suppress water adhesion at a surface of a lubricating
15 layer so that corrosion accurs due to the elution of internal components caused
by this and thus the reliability cannot be obtained when used at high
temperature and humidity.
[0078]
While the embodiment of this invention has been described with
20  reference to the accompanying drawings, the technical scope of this invention is
not affected by the embodiment described above. It is apparent that a person
skilled in the art can think of various changes and modifications in the category

of the technical idea described in claims and it is understood that those also

naturally belong to the technical scope of this invention.



not affected by the enbodi nent descri bed above. It is apparent that a
person skilled in the art can think of various changes and nodifications in
the category of the technical idea described in clains and it is understood
that those also naturally belong to the technical scope of this invention.

24 CLAI M5 1. A magnetic disk conprising a thin filmconprising a
magnetic | ayer, a carbon-based protectd¥e |ayer, and a lubricating |ayer
formed in this order over 5a disk substrate, wherein a main surface

and an end face of said magnetic disk are covered with said carbon-based
protective | ayer, said carbon-based Qratti ve | ayer contains nitrogen at a
part adjacent to the lubricating | ayer, and the content of nitrogen atons
relative to the content of carbon atons in the 10protective |layer formed on

said end face is e%al to_or.nore than the {;ontent of nitrogen atons
ont 8t !

relative to the & OngHic disk GOMPEEEE 1N PIRECYPBEYEE AVBAYTEJiEa%esr med on
said main f - L i i to claim1l,
wherein th%LHcaén e?l 53 prr?} Cgigege#egta% tr%éii%%tﬁ‘&é%%%ﬁég%g‘%pgnqrgﬁgovceér bon
atons ip thejsN Qiekiere | ayer 15formed on said end face is 0.10 (atomc
rati o) or nore. 3. A magnetic disk according to claim1l or 2,

wher ei n the pr ot ebéieirea Inayie sudacd ded emdndl o of sashirdgregngtk argli sk has a
coverage of 95% or nore. 4. A magnetic di sk according to any one
of clainms kpered wilkaadd parbandased barietivedaygrr said catboa-hapedmrolectvepr ot ect i ve
| ayer for magneti c di sk

d by g plasma CvD 20 et hod. .5, A
accor di ngnfqyeéﬁwiﬁﬁ‘é foqanAlasrart adagentip dheluhricaling lavematd 99 ayer is a

bal Co (.G . : h f
?n(;nﬁf ;cg ur %ﬂ@@hpﬁﬁﬁ%@c%ﬁ&%ia&%%%ﬁ? ?%Wﬁtr% C%%?&S’ﬂg@%ﬁﬁﬁger and a
car bon4bas eehtBEiRlasdrvSmhaty §F shif drid fﬁcé’[sgﬁuda@i/c%r Rofl t?xgn 4% é&lﬂﬁﬁ{ Gte to

cover a main surface and an end face of magnetic disk wth said

car bon- bas eilrogeatatarts velafiayterthe godtehheincatioph aipnid inrthg rotbetive lapdrd
carbon-based protective |layer at a part adjacent to a lubricating |ayer so
that the coifmediorosaigimaingenace ons rel ative to carbon in the protective

| ayer fornmed on _25 said eng,tsgace is equal to or npre than the content of

the nitrogen at ofrs 7 812gNele _ @ﬁgdmé?ﬁi%*swwe@§hﬁéﬁﬂ@ﬂb% in the
protective nlt%‘é@ﬁ aftéjrﬁgr?ga% t%qhg cBRteRt Sf"lc,rafrggne atoms in the protective layer

15 formed on said end face is 0.10 {atomic ratio) or more.
3. A magnetic disk according to claim 1 or 2, wherein the protective
layer on the end face of said magnetic disk has a coverage of 95% or more.
4. A magnetic disk according to any one of claims 1 to 3, wherein said
carbon-based protective layer is a protective layer formed by a plasma CVD
20  method,
5. A magnetic disk according to any one of claims 1 to 4, wherein said
magnetic layer is a cobalt (Co) alloy based magnetic layer.
6. A method of manufacturing a magnetic disk, wherein forming a
magnetic layer and a carbon-based protective layer in this order over a disk
25  substrate to cover a main surface and an end face of said magneatic disk with
said carbon-based protective layer, and then doping nitrogen into said
carbon-based protective layer at a part adjacent to a lubricating layer so that the

content of nitrogen atoms relative 1o carbon in the protective layer formed on



7. The met hod according claim®6, wherein the step of doping nitrogen into

sai d carbon- based protective layer conprises: di sposing first
nitrogen plasma generating sources to respectively face the upper and | ower
mai n surfaces of the magnetic disk; and di sposi ng second nitrogen

| asnma generating sourc f i i
P ga%d en %ace %ls eqgual toeosr ntwgre § a(a:nethte r(‘:gntggtdofftﬁé: ﬁitr%&er% Q&)mrgaf%%%\tfé f’o tﬂ!as k.

content of the carbon atoms in the protective layer formed on said main surface.

7. The method according claim 8, wherein the step of doping nitrogen into said carbon-
based protective layer comprises:

disposing first nitrogen plasma generéting sources to respectively face the upper and
Jower main surfaces of the magnetic disk; and

disposing second nitrogen plasma generating sources to face the end face of the

magnetic disk.



