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DESCRIPTION MAGNETIC DISK AND METHOD OF
MANUFACTURING THE SAME 5 Technical Field [0001] This invention
relates to a magnetic disk adapted to be mounted in a 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 15 with a contact-slidin@ﬁ%%@ﬂpﬁjrface 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

surfareAGIETeC DeSArANDRIETHOHO0 FSMIRKEFATRURING THE SAME
recording/reproducing region surface located outside the contact-sliding

inner region surface. In this CSS system, it 20 is necessary to provide the
ontact-sliding, region on the magnetic disk apart from the

?85’81[3 / é?) ducing region. [0003] Further, in the CSS system, in order

to prev tact adhesion between the magnetic disk and the magnetic

head while being stopped, it is 25 carried out to provide a concave-convex

shape withisinggatiiosudkate s toighmasg)etialidk extapte dhathve mainnted in a

surface of the magnetic disk. Further, in the CSS system, it is carried out

aghslic digtcartariyRdgheseodfiRgs iesRatiRin G SR ailardpiskdrive
A OB e RS iRk 1Y BR81asgicing of the 2 magneti
ead, and so on.

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
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
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
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
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[0004] On the other hand, in recent years, the LUL (Load Unload) system
capable of an increase in recording capacity has started to be employed.
In 5 the LUL system, a magnetic head is retreated to an inclined platform
called a ramp located outside a magnetic disk while being stopped, then
at the time of start-up, the magnetic he&d is caused to slide from the
ramp, after the magnetic disk starts to rotate, so as to fly over an LUL
region on a surface of the magnetic disk to perform

RR_eRGiHG NeBRANGISA QRd, therefore, the magnetic head does 10 not
make ¢ 855;4{ sliding on the magnetic disk. [0005] In the LUL system,
since it is not Lecessary to provide a contact-sliding region for the

magnetiohend ethdrerantianeretiie rrosetifedisk as duthe fiee) rsRIMm
there is an advantage in that a larger area of a recording/reproducing 15

eapRie Hh Be iBaEeRsa HyeonsReTCApRCIHEGS Stayiadio Aviampayed. In
ecording capacity of the magnetic. disk can be increased. [P0 Further,

R SRR R el At e ralah e GUNed e Pl spaied a
A BIRARE R RIS AT eRE R0 il DERIT GpRsaly IR fihe of
texture as in the CSS system and thus the surface of the magnetic disk

stanthe firtheragmetitheea € sncagsen tiy vk d renalde aaragy aftergth éenmagnetic

that it is possible to reduce the flying height of the magnetic head (10nm .
distesiyris iR 6ARRARIE A m@é@%@hﬁﬁ iR @b the magnetic

eI e 6 e AR R o
het sehkeddoy the: KIENG@h 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
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 into contact with each other, it is not necessary to provide
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.

[0007]

Patent Document 1:  JP-A-2004-127493

Disclosure of the Invention
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[0008] However, following the shift from the CSS system to the LUL
system, the corrosion failure of a reproducing element portion of a
magnetic head has 5 occurred frequently. When the corrosion
phenomenon of the head reproducing element portion occurs, the read
error occurs frequently due to a reductich in output of reproduced signals
and, depending on circumstances, reproduction may be totally disabled
or a corroded portlon may expand to cause damage to a magnetic disk
Rﬁﬂ@e?mlﬁ% beoSetyss] Wr@l?eﬁl‘fﬁﬁ%’étlc head employs an NPAB slider
(negativ, sure slider) capable of easily controlling the flying height,
but sinc a gative pressure is generated at a surface of the slider while

flying, theowageetieingaithfenesitrigradu ey oBiecanshtancratiale. dikstem,

a vacuum cleaner, very small 15 quantities of organic and inorganic
H{W@@iﬁg%@ﬁé&h&@@éﬁd@@r@duwnq:ﬁlar@eptr@géh@in a magnetic head has

recordin rod cing,fegion on a surface ama netic nto the

e B B B S SR T BHeO BRnGL e AFRCH fRspducing
@%&E&ﬁ%ﬁ%@ﬁ@etﬁ@%ﬂé@@‘&%@&“ﬂ%%ﬁl QB3 Weeduction in
corrosion 20 failure is liable to occur in the case of the LUL system as
outppbcddepitbdhece € Si§raistand, tlegerdaTy o1ventns stave ésyinejpootiuction
that, in the CSS system, the deposited substances transferred onto the

maykaioklyPisairchaeg saTRdS BRstiaRgRRY EKRARChi Ik EBHaptage to a
r’ﬂﬁ*#},%ﬁg dig r\%%SIJQ reglon on the surface of the magnetic disk,
I n,

n the UL Syst 'since the magnetic head 25 does not make
contact figip®g on the magnetic disk, this cleaning action is not obtained.

[0011] Then, as a result of further proceeding with the study, it has been
4 A recent magnetic head employs an NPAB slider (negative pressure

slider) capable of easily controlling the flying height, but since a negative
pressure is generated at a surface of the slider while flying, the magnetic head
tends to gradually collect and concentrate, like a vacuum cleaner, very small
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
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
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
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considered that, in the LUL system, since the cleaning action is not
obtained, the concentrated contaminants (contamination substances)
transferred onto the magnetic head, particularly acid-based contaminants
such as sulfide-based contaminants, chloride-based contaminants, or
nitride-based contaminants, 5 cause coffosion of the reproducing element
portion. Particularly, a magnetoresistive effect reproducing element (MR,
GMR, or TMR element or the like) capable of obtaining high output tends

fORRIPHdbal [BbiA Mé@% ﬁﬁiﬁeat%rﬁ}@ﬁﬂ%ﬁﬂ%éﬁtﬂm.ﬁwﬁmed’
R %?@@%@ﬁ?ﬁﬁﬁ‘éﬁ@fﬁ%ﬁgﬁqﬁéﬁl%ﬁ éﬁ%‘%‘i%ﬁt%?‘?@ﬁé‘f%@?é‘d onto the
Icha ar g

Separated structure In'w ecording element an eproducin

glagreniche sepesatied Hoynasiadbarb® cdnttheicasts AJube as sulfide-based

recording/reproduction separated structure, it is necessary to form a wide
ehBRNYNEBIN dhieBdepbasel BpBiafekE L stveitid eoaserR eRMaNINBALS,
been found that since this peymalloy is an alloy liable tq 15 be corroded, it
R ALERS KRG FrRURHL I OB LRBmeaH AL s of
FH&%H@@?@%%@%Y%@#%@@G@@@ difrient fiam BRRIDHTMERR%Ement or the
[0013] In order to suppress the occurrence of such a corrosion failure, the
kite)veapeadyie arfanbRanémy Digtuomeptitlteistdasdseacecbdieple of setting the

20 thickness of a protective layer on an end face of a magnetic disk to be
greater [#:Rihat of the protective layer on a main surface thereof. [0014]

In the mﬁé"gfﬂé‘?em f?&r%"é %%%@g@gﬁ%g%‘&%@?ﬁm iﬁl?ﬁer?é?&l Iy capacity

and reduced in weight an en used particularly for mobile 25

A instdresisten etfeitp nalad HEXDS weseding dedroasiclis I3 ospa EeYiSeacture

of computers, but recently, have been mounted in mobile phones, car

WaVigjahion regeteing, elame Ake sorgregictithalemeniaexsepasaieaiom
%cvéijgc{gﬁ"g?”t O e e B R T P GRS T 2R P e G TSI, 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
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
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
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,
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5 magnetic disks mounted in the HDDs are required to be capable of
normal writing and reading even under various environmental conditions.
Accordingly, for magnetic disks, a reliability test is performed by leaving
them under severe environmental conditions (high temperature and
humidity), and so on. 5 [0015] Accordiné to the study of the present
inventors, under high temperature and humidity conditions, components
are eluted on a surface of a magnetic disk from a layer and a substrate

AR HEskaMRetakindhe BV saHsedwEeeia ke Fasppie ctnarmal
R RS S AR PR AL 2 Rocoraingy

foRanRjifedicgiskye anetianismadtsy geatiinambine aviagtlcpomresesisere

and corrosion is assumed such that since particularly an end face of a
eoviventeipheasitiensdkighieoe tetdanditv aisibtb e &9yenand
a Iubric@?lgrﬁfyer as compared with a main surface thereof, water
penetra 15 the magnetic disk through the end face in a high

temperaide, AN TN 6RY 167 AREDI M CRMEINARES RS THRBN@HRperature

layer, a substrate, and so on are dissolved in the water and then diffused
anchhaurfality cbtiditrnagneticdeieni8Cire] Astdddosedurfdbe of a magnetic disk
above-mentioned Patent Document 1, by settin? the 20 thickness of the

BrsteRda¥aascon sHER It BNg e arenRli st 30 fieniepleied so
that &b #b%ﬁéﬁ?éf&éh(& .' Sl 55(?&6%% Judare Eﬂ%f%oérilééé &’gﬁ&@ Yhat

suppress the elution of met e magnetic layer. However, the

ieaginemess toeriiiehddyonneier dugiadcempersiie aoehhalméditydingdisionsiuction
tends to further increase in recent years and it has been found that, only

aste pRgReticHisisue thscivsshanigie absvemedwipmef thatsriematument
R A 0 TSR R Ny e
HNOMEIRSRBEARRYSetic disk is difficult to cover with a protective layer and a
lubricating layer as compared with a main surface thereof, water penetrates into
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
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
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.
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and humidity conditions. 6 [0017] Therefore, this invention has been
made in view of the above-mentioned problems and has an object to
provide a magnetic disk capable of sufficiently suppressing the elution of
internal components from an 5 end face of the magnetic disk and the
occurrence of a corrosion failure, and aSmethod of manufacturing such a
magnetic disk. Means for Solving the Problem [0018] 10 The present
inventors have further looked into the above-mentioned mechanism of the
occurret®@1dflthe corrosion phenomenon and paid attention to a

protec:tl\,cleh !%Iaenqrﬁslmw%g l@éefi ér"flm&%'%'?/lg koip[ﬂrélcularly to

the protec Ive Tayer an ricating layer on-an en face of the disk

anevaseriRoHEPHATLIBIAB YR $iHE bR 6010 PRIORIENS GRS RN disk
[0019] Specifically, in order to solve the above-mentioned problems, this

fapahlerphasftisieriiy suRprasing e plotion ainfeinal mesm@mgrfmm an
disk omp| a thin |Im c ri magnetic | a carbo ase
LT OB AR R A PROIHRN 5 1 S S e} g and 2
siRbater MaRRMCRIMATsSHacmagAet engface of the magnetic disk

are covered with the carbon-based protective layer, the carbon-based

protective layer contains nitrogen at a part adjacent to the lubricating
layer, and the 25 content of nitrogen atoms relative to the content of
Mcﬁ*BBﬁ IHORRIVINEEN S FURRIRM 1ayer formed on the end face is equal to or
more t content of nitrogen atoms relative to the content of carbon
atoms i tr%rotective layer

The present inventors have further looked into the above-mentioned
mechanism of the occurrence of the corrosion phenomenon and paid attention
to a protective layer and a lubricating layer of a magnetic disk, particularly to the
protective layer and the lubricating layer on an end face of the disk and, as a
result of an intensive study, have completed this invention.

[0019]

Specifically, in order to solve the above-mentioned problems, this
invention has the following structures.

[0020]

(Structure 1)

A magnetic disk comprising a thin film comprising a magnetic layer, a
carbon-based protective layer, and a lubricating layer formed in this order over a
disk substrate, wherein a main surface and an end face of the magnetic disk are
covered with the 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.
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formed on the main surface. 7 [0021] (Structure 2) A magnetic disk
according to Structure 1, wherein the content of nitrogen atoms relative to
the content of carbon atoms in the protective layer 5 formed on the end
face is 0.10 (atomic ratio) or more. [0022] (Structure 3) A magnetic disk
according to Structure 1 or 2, wherein the protective layer on the end face
of the magnetic disk has a coverage of 95% or more. 10 [0023] (Structure
4) A maﬁgge%lc disk according to any one of Structures 1 to 3, wherein the
carbon protectlve layer is a protective layer formed by a plasma
CVD m 24] (Structure 5) A magnetic disk according to any
one of Struc ures o 4, wherein the magnetic layer is a cobalt (Co) alloy

based megngjitciay disk0828drdAd S Stute b A eibasirofie JvmReitioNg

a magnetic disk, wherein forming a magnetic layer and a carbon-based

pilsRgaivatrips: ielaticdridreocenteaisk cubaragtomsdvéne praiacivedayer
fand a% face fthe m @ g)nf isk.witrllplge carbon-based protective
89&9 A4 ngneﬁ df?ﬁjjeﬂﬁr a Ife" S-B¥¥&d 25 protective layer

at a par ent to a lubricating layer so that the content of nitrogen

atoms relative to carbon in the protective layer formed on the end face
(Structure 3)

A magnetic disk according to Structure 1 or 2, wherein the protective
layer on the end face of the magnetic disk has a coverage of 95% or more.

[0023]

(Structure 4)

A magnetic disk according to any one of Structures 1 to 3, wherein the
carbon-based protective layer is a protective layer formed by a plasma CVD
method.

[0024]

(Structure 5)

A magnetic disk according to any one of Structures 1 to 4, wherein the
magnetic layer is a cobalt (Co) alloy based magnetic layer.

[0025]

(Structure 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
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.
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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. 8 Effect of the Invention [0026] According to a magnetic disk of
this invention, a carbon-based 5 protective layer contains nitrogen at a
part adjacent to a lubricating layer and $he content of nitrogen atoms
relative to the content of carbon atoms in the protective layer formed on
an end face of the magnetic disk is equal to or more than the content of
nitrogen atoms relative to the content of carbon atoms in the protective

|§f¥&£ ﬁgfr?%d a? n surface of the magnetic disk. This makes it 10
pOSSItb 0 sufficien y suppress the elution of internal components and

the occigoasge of corrosion caused by water adhesion to the end face of
the magnetic disk particularly under high temperature and humidity

conditioﬁ@ccpwizlg] mmtﬁagaeti@r@liﬁigthaimﬁy@@ﬁi@@j@%mm

h d of this 15 sibl
e B s age R TR R Al T i B gy and
f?féf&%lq@%’ Mtr@&@ﬁ]a%@nﬁé%daﬁ/@ Wﬁé%m@ﬁk WEM A chRSSs in the

substrate. Fig. 2 is an overall perspective view of a magnetic disk. Fig. 3 is
pretdetivatiaysriotonabdiegaane sthdadaathiérogamdopidgkneduadincaar more
Example. Fig. 4 is a schematic structural diagram showing a nitrogen

HIiBe 2oRRM &l {HsPOBRRIRAIFTEREYS .waf@oqﬁab%ah%%@mbﬁéoms in the
Er%%&&%@”a%%ﬂ%ﬁ JFP%%?Jam surface of the magnetic disk. This makes it

possible to sufficiently suppress the elution of internal 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.
[0027]
Further, according to a magnetic disk manufacturing method of this
invention, it is possible to suitably manufacture a magnetic disk that exhibits the

above-mentioned effect.

Brief Description of the Drawings

[0028]

Fig. 1 is a side sectional view of a glass substrate.

Fig. 2 is an overall perspective 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]
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9 1 glass substrate 10 magnetic disk 21 to 24 nitrogen plasma generating
sources 5 Best Mode for Carrying Out the Invention [0030] Hereinbelow,
the best mode for carrying out this invention will be described in detalil.
[0031] 10 A magnetic disk of this invention has a magnetic layer, a
carbon-based protective layer, and a Iu%ricating layer formed in this order
over a disk substrate. Herein, the protective layer and the lubricating layer
are provided for protecting the magnetic layer from corrosion, abrasion,
impaiesFSHRRYBC head, and so on. The magnetic disk of this invention
H%)Chaﬁ?%ﬂ& djnghat a 15 main surface and an end face of the magnetic
disk are covered with the carbon-based protective layer, the

sarkppdbasapiEagiive ey epRntaing dytirgeN 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
r mare t the content.of nitrogen atoms relative to 20 the content of
ggﬁ;&qeoé{%%l P 'Bﬂ)éﬂli&}éelé ¥7'1ed on the main surface. [0032]
Inama ig1disk, a lubricant such as, for example, a
perfluoropolyéther-based lubricant with lubricating action and low surface
energy islemtdt lowatbarbest nasde fmotectiviadayer ttusonveatiobrivdting
layer, 25 wherein, in order to enhance adhesiveness to and coatability of
deswineshin detadl preferable to contain nitrogen in the carbon-based

protecti dgyfir, particularly at a part of the carbon-based protective layer
that is adjacent to the lubricating layer. However, in a conventional

magnetig egislgriifieaitsie sommigrhvention has a magnetic layer, a carbon-based
protective layer, and a lubricating layer formed in this order over a disk
substrate. Herein, the protective layer and the lubricating layer are provided
for protecting the magnetic layer from corrosion, abrasion, impact of a magnetic
head, and so on. The magnetic disk of this invention is characterized in that a
main surface and an end face of the magnetic disk are covered with the
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.

[0032]

In a 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,
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
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10 of nitrogen atoms particularly at its end face is lower than that at its
main surface, it is difficult to cover the end face with the lubricant. In this
invention, by setting the content of nitrogen atoms relative to the content
of carbon atoms in the protective layer formed on the end face of the
magnetic disk to be equal 5 to or more 1Ran the content of nitrogen atoms
relative to the content of carbon atoms in the protective layer formed on
the main surface of the magnetic disk, the lubricating layer can be formed

Bl uliRRRihaiP BRI HR L sidarR s aes Miowed 1B Hahatiiagiriic
%@Eﬁggiﬁg giffictl tté*beo%FfﬁwCSe e‘?‘&??%e%f!)ﬂ? 39 u[?r?ceaﬁit? rﬂnﬁﬂqﬁ%ntion,

reases so that water adhesion can be suppressed. erefore,

Byseapmbiedesnidatesthyitpogercanme /iltive abitereenmnpPBgAdn atoms
and the occurrence of corrosion caused by water adhesion to the end

fadeeopratenitvgriavediskpegtivn g antitadsgh teenpaansicaiskionveiegual
ditions. [0033] 15 In ordey tq set th tent of nit t |ati

R RS R e o e

fRemefithe &ty il & REREU K0 MArs firkeReAREMRInetic disk,

nitrogen atoms relative to carbon in the protective layer formed onthe

thailubtidaitegoayer caybetiociwd the soiibienthasddeymotettteytulayeans also to
formed by, for example, a CVD (Chemical 20 Vapor Deposition) method

Hriand{H0e shdhagnal sk siHase areRibriie siigg &ngyoy of the end
fHH«%’ %lf' tH rﬁdgﬁ%ﬁg'?jiel?a@@ré%@?g .gmﬂﬁ)ﬁg?lféro%%regc%ﬂ%%wgy su gressed.

perform nitrog oping particularly In an end tace area o the magnet

Tisksdiees isisifpssSoleiaeuiitienietippaisitedliitidnafchrmier,
separately disposing nitrogen plasma generating sources directed towards
GNP Real Sarckiee @FeHE eNagEtRONIGRISD arutsedibyyerigiashasion to the

e A TR R o
EhBifshsce

[0033]

In order to set the content of nitrogen atoms relative to 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
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
end face area of the magnetic disk so that a nitrogen plasma is directly
irradiated to the end face area, or converting 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.



10

15

20

25

area of the magnetic disk, but also in the end face area thereof. 11 [0034]
In order to sufficiently obtain the effect by this invention, the content of
nitrogen atoms relative to the content of carbon atoms in the protective
layer formed on the end face of the maqnetic disk is preferably 0.10
(atomic ratio) or 5 more. [0035] A glask substrate for a magnetic disk
comprises two main surfaces and end faces each formed therebetween,
wherein each end face comprises two chamfered faces continuous with
the two Fﬁgﬁ’f’%urfaces, respectively, and a 10 side wall face formed

between i1 SUARIEIRILBRP I A TIRGNSIE Y mETBRINEHE Mntent of

such a glass substrate, t nitrogen atoms relative to car

RIPOYEE BB NaY eEIaTRED INcceshtentdBearbbihatomenetice Pritéravshayer

that the content of nitrogen atoms at each chamfered face and the
sumedt @1 imexythfarmef thervagnelivdisids arefesablyequtl (@ominratio) or
than 15 that at the main surface. [0036] It is considered that the elution

Bunt of internal components from the inner peripheral side end face of
the diskfigoysgller than the elution amount of internal components from
the outer peripheral side end face. This is because 20 the circumferential
length oAtgassnsulsragtbdmal sicmgnetiacksis congtiesdisawdatmeain surfaces and
circumferential length of the outer peripheral side end face. Further, this is

paddasesiaaciviRiHKe dNRERPRIUES LI PRaIgHRAC HRICBRSIaRRPHRES WO

S AR R AR e R TR A o

siowengr f2eifolenes ioéniiaining ibeagifectaffdysdnventipmerpietie iy,
it is preferable that, also with respect to the inner peripheral side end
rageutpetdtrddiiiog muelyerglass substrate, the content of nitrogen atoms

relative to carbon in a protective layer formed on each end face of the magnetic
disk 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
that at the main surface.

[0036]

It is 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
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 to a magnetic disk apparatus atmosphere is small. However,
in terms 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.
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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. 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 density as a magnetic disk ab%aratus. For example, in order to
realize the 5 desired information recording density, a predetermined
spacing (distance between a magnetic disk and a magnetic head during
recordi ﬁgaﬂoduction) is set and, in order to realize this spacing, a

predetetingd H}WgPﬁiﬁ]c?fﬁ’ﬁ‘eett%‘?#ﬁ&gé‘%ﬁﬁgipjgﬁb?i%qi YECHEmain

set. In this manner, the thitkness of the "protec ayer on the main

surface rf e Maapeity dekds detesmiatde Bheskitdaiekirpatatibieecording

protective layer on the main surface of the disk is preferably set equal to

densteanannsagnEoxd i eppatatsappeshxptmelelufigidg itteiealize the
omponents, byt it is necessary to reduce the thickness of the protective

R T AP R or e B g HoLcL R SOG4 IRAncs

BUHRESE Ni8GRENIB LR Qfm%é%%@élﬂso%?ﬂgfﬁ%%%%gﬁ%%dﬂﬁion) is

upper limit is 15 preferably set equal to or less than 60A (60x10-10m).

$2028id ninherdesngoetaldiek luk thpmaringnhcoreithet pnoiectl th lalee ss dhéhe

end face of the disk preferably has a coverage of 95% or more. B

etestingyaver eylee Bridwbikgerdsthgtendtius H@ﬂﬂﬁrw\ﬁﬂ?t%%k”ess of the

' ALIS.20 Sj o] r he
B e e S e AR The
fieleiive dnyies israteatvendiasashpraientivie sayRicetnesadliskitepreferably set
carbon-based protective layer has high film hardness and is 25 excellent

AOlEBHiRION Meie a3 QR § chalderesiupte ssingatiagjution of internal

components, but it is necessary to reduce the thickness of the protective layer
as much as possible for suppressing the spacing following the increase in
recording density of magnetic disks and, from that aspect, the upper limit is
preferably set equal to or less than 60A (60x107"°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
possible to sufficiently suppress, for example, the elution of metal 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
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.
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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. 13 Further, since this carbon-based protective layer
containing hydrogen has an extremely@ense structure, the function of
preventing the elution of metal ions from the magnetic layer is high.
é0040] 5 In this invention, the protective layer contains nitroa;n at its

SHAHES PBRSHNIA CRrRaRTARe e RIBAEUGRYRY PN HBIRHRY IR ABA AN
T e S ey L B e R Y R R o

it the IRiirRstngI g Gighe protective layer is formed as a

carbon-nitrogen based protective layer or 10 a carbon-hydrogen-nitrogen
based pld@d&ve layer, it is preferable for this invention. [0041] In this

o R SN T Bl e e

GBFRGA-YEbRER RArM OToEmIGYsy&aNd TisrerdieninirRgRbRAFFEoNntact

protective layer are also preferably formed as diamond-like carbon
pitidbeven dgyetie magieryad dhepsete cifveatoper. [OrPje8ahacarbon-hydrogen
carbon-based protective layer is formed by, for example, a 20 sputtering

RASHR PrRIGHHURYHE ISR SEHRGRANRN WA SR RRBON K hesdpsicating layer,
§Pmee§8tgef&@| 'ZE?H?%&PS%@]%@?g&%&‘ﬁ-%t'r%@%r%ﬁé‘@&"g‘#&'é‘éﬂé%ayer or

ormed on a glass ubstrate € carbon atoms are sputtere

arpetawaryden thersybatiaisculiibrbigbtiecaror.anis grefefatse dor this
protective layer is hardly formed on inner and outer peripheral end faces
BveiRliISNbstrate. However, as

[0041]

In this invention, the carbon-based protective layer is preferably a
diamond-like carbon protective layer mainly composed of carbon. The
carbon-hydrogen based protective layer and the carbon-nitrogen based
protective layer are also preferably formed as diamond-like carbon protective
layers mainly composed of carbon.

[0042]

Such a carbon-based protective layer is formed by, for example, a
sputtering method. Normally, in the sputtering method, when carbon atoms
are sputtered onto 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
a result 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
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25 a result 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 14 layer is formed not oﬂlf'/ on a main surface of the
substrate, but also on the end faces thereof. By this, the thicknesses of
the protective layer at its portions on the main surface and the end faces

Belotifokesr PelRsRINAIBIB fetdatieliiaseRsiapebi@lposon the end
4 ian.of i . o _
(RAETIRLT B8, e rESTEIeu ol g I eI o

Y hanetiethodimappdy i dies. 4O HidK dadbe invRYien tas a

material of the magnetic layer, use can be made of a hexagonal-system
pedetsistogevalHagnearRP&byelith a large anisotropic magnetic field.
As a mer@(%%?f forming the magnetic layer, use can be made of a method
of formi magnetic layer on the glass substrate by a sputtering

method.1iRe ARMIBnDPRAERLR PRIIAENBIRMEH BXHBtERRRINAg

an 15 underlayer between the glass substrate and the magnetic layer, it is
pethibdedes cunda btheveribotatam ok eativedandt sine @fanggaeby grplasnma CVD
the magnetic layer, For example, using a cubic-system underlayer made
Brethed N amelyiRg RifRe, it is possible to orient the easy

magneti?gizp 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 iipverativriaekieesh fRstidieopthemfayrdtiorgpamie dsinganade

hexagonal-system underlayer containing Ru and Ti, it is possible to orient

i@ dxpannmaisach @aBthased flesratagarataaliay BhqiRsganigotropic
ﬂé&‘ﬁe‘ﬁ% ?i%lgf thﬁsmaa ne%H(C)c? icsf*( folpnglhrlla ?ﬁg%ghg%e & 233?, 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
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
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 to 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
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 layer is not
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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
layer is not 15 particularly limited, but the material is preferably excellent
in adhesion to the carbon-based protective layer (particularly the
carbon-nitrogen based protective layer containing nitrogen) and may be a

Ratig Ly ltnigb it iy, RARBR IBHusicsROPoRAIRES EoRIIRRIQE to the

r icant formj icati . P ,
s B BT e R ot B AR pfggective
la5R4 chhtaaaadh eitrogeified by Basslighaimieasviguctesceroanisiace FPE
hydroxyl groups (-OH) as terminal functional groups of the PFPE main
ety poorsly et 8x) ke impotwREhis st adenasigblHE e darraispring

ethod, or a spin ¢oating m can he used for forming the lubricating
oSNt R el e e
N HYIGABRTIRY PsPEciaraBlY g?@?épa_aﬂf ey APPHE 2 1A fified PFPE
20x10-10m). The thickness of the lubricating layer in the end face area of
ttzs mapeaticaliskrichise poeipraihg datdidxid GroupOABH) adia0rioah).

0047] In this invention, a é:gi;l)ass substrate is preferably used as the
iparl oreiergIEdng FEFRaMRIS Rl moothness and thus can satisfy

the req nt for the reduction in flying height of magnetic heads
foIIowinLgét e increase in 20 recording density. As a material of the glass

substratg,khevisneitaddfencexas e @ipialgssctrtanic sprely ase@inod, or a spin
aluminosilicate glass, soda-lime glass, soda aluminosilicate glass,

enaineRsibanceas flassasbieosimatingthe | wrigating layer.  The thickness of

the lubricating layer is not particularly limited in this invention, but is preferably
set to normally about 5 to 20A (5 to 20x10-10m). The thickness of the
lubricating layer in the end face area of the magnetic disk is also preferably set
to 5 to 20A (5 to 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
recording density. As a material of the glass substrate, there is cited, for
example, a glass ceramic such as an aluminosilicate glass, soda-lime glass,
soda aluminosilicate glass, aluminoborosilicate 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
resistance.

[0048]

Such an aluminosilicate glass can provide a compressive stress layer at

surfaces of the glass substrate by chemical strengthening, is excellent in
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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 glass can provide
a compressive stress layer at surfaces of the glass substrate by chemical
strengthening, is excellent in 16 bendiﬂ& strength, rigidity, impact
resistance, vibration resistance, and thermal resistance, is not subjected
to precipitation of Na even in a high temperature environment, can

hendiaghsieneithaigiolyqimenash 'eiiRsseinvirabian rafifiasses apdigprmal
2 thi i f 0
%ﬁ%ﬁéfggégﬁﬁn%g%@%dzﬁﬁ ];r?aﬁ@ ﬁ%ﬁ@ﬁ@ﬁg@%&ﬂgaﬁ@ﬁa@m perature

sriviesriabsheckm aiaidisuradesseskthamiy als gresl avaliaidbp
main surface is preferably such that Rmax (Rz) is 6nm or less and Ra is

basdRessless. [0051] The end faces are also preferably mirror-polished.
As the 'r(ﬁa%]surface quality of the end face, it is preferably a mirror
surface Wi surface 15 roughness of 1m or less in Rmax (Rz) and 0.1m

or less inRafRABEsR e HREetAPdhatdaRHIers At aBR A %o

(JIS) BO601 and JIS BO601 is a translation standard of ISO (International
QFfganmization for Standardization). [0052] Specifically, Rz is described in
ISO 4287-1996 Section 4.1.3 and Ra is 20 described in ISO 4287-1996
Section #950] Examples

In this invention, the disk substrate preferably has mirror-polished main
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 quality of the end face, it is preferably a mirror surface with a surface
roughness of 1um or less in Rmax (Rz) and 0.1um or less in Ra. Rz and Ra
are based on the Japanese Industrial Standard (JIS) BO601 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
described in ISO 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
Examples.

[0054]

(Example 1)

In this Example, first, a disk-shaped glass substrate made of
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[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. [0054] (Example 1) In this Example, first, a
disk-shaped glass substrate made of 17_aluminosilicate glass and having
a diameter of 66mmcp and a thickness 'df 1.5mm was obtained from a
molten glass by direct pressing using upper, lower, and drum molds.
Then, by applying thereto a rough lapping process (rough grinding
%ME&%?,"%Q%F%@?%WBQ&%Y@%%@@B}? appirkPprBreanghrctigkhess of
Wg?{?.‘ﬂ%@%%?éﬂn&ﬁ‘f? f?‘r‘ﬁo'FPérﬁo 5aish “8iPé8F§P§s§r£{5ﬂé?R§%%’¢%r lower,
process, and a second polishing process in sequence and then applying
shardicah Aicragtherhiag thoraip|7ittasr rost atrighaapnggitetesisiough
was manufactured. This glass substrate was mirror-polished at its main
glirfditgsPErRESd fagBaPIY [DUBEISAs 2 PERLIRION paPlRIfginEPaassUEIrecision
inspection and a, precisiop.inspection .of the surfaces of t

bl alie

| .
O e YR S e s LR DI B ERLRRs ing process,
SHEROERYNG %ﬁﬁ”@%%&%gsclﬁ@@ageﬁ%jﬁfﬁﬁh%%@ﬁwar&ﬁ’é’?ﬂ%l

due to adhering matter or a crack was discovered on the 15 surfaces of
the niabs singstinetetd e glaga sy bshighe dstoatheagrastcdiskceasof the
glass substrate obtained through the above-mentioned processes was

meadlreliffan Mvtat U RRERISHRE (AFRITRABhRIAHS Ny rfaces

m eﬂlat?é'& gthe magnetic-disk glass substrate having the ultra-smooth
surfaces with Rmax (Rz)=2.13nm and Ra=0.20nm. The glass substrate
had an ¢op®520 diameter of 65mm, an inner diameter of 20mm, and a

thickness of 0.635mm.
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
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 ultra-smooth surfaces
with Rmax (Rz)=2.13nm and Ra=0.20nm. The glass substrate had an outer
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
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.
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[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 perﬁ@neral side of the glass substrate
1 in the same manner. The surface roughness of the end faces was 0.8m
in RmaxéFq%}and 0.07m in Ra and thus was greater as compared with
the mair dces. 18 [0057] Then, using a single-wafer sputtering

apparaliyy n ARRSIVE T ArSOLIAGAELG el AL ShUHSLEVE -for, o

second undetlayer; and a’magnetic Tayer were formed Ih this order on

sbtainagrangngfis- disk-slagrisvbseate $ebohieindetroN dra$ednagnetic
protective layer was formed by the plasma CVD method and a lubricating

layer weretiptneedimtis greeropndienebdaipashmasnetic-Tisk giasseuiestrate 1.
Isk is a magnetic disk of the perpendicular,magnetic recording t

OB D oo N AL AP ) T i D TR s method

éﬂ&@%Bﬁ%ﬁtﬂﬁ@%K%\Pé@(ﬁﬁtﬁgmbrﬁ%@ﬁ@?ébw%Qr{ﬁtécd@&ﬁg%ethod. This

Co-based alloy thin film was formed to a thickness of 600A

eagnéicldiek) is\s thadivstiamistlal/&re o Etpenskcutdlosn Hundiio reasrding type.

formed to a_thickness of 70A (70x10-10m). Further, as the second

underla&@@,@hu-based 15 alloy thin film was formed to a thickness of

4001 (1A S4BT TRaneTelaer A MATe A AR Al
)

formed to a thickness of e protective layer was a
ﬂimm)@@lglﬂqaw,&qmqngu@tﬂm layer and was formed by the plasma CVD

method. The formation of the protective layer

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 Pt-based alloy thin film was formed to a
thickness of 70A (70x10"°m).  Further, as the second underlayer, a Ru-based
alloy thin film was formed to a thickness of 400A (400x107"°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 layer
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
out. As shown 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
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20 was carried out while applying an 800W high-frequency bias to the
substrate so that the thickness of the protective layer became 50A
(50x10-10m) on the main surface. [0059] After the formation of the
protective layer, nitrogen doping was carried 25 out. As shown in Fig. 3
(doping method B), with respect to a méanetlc 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

?ﬂr%@?ﬁe% @ReINRIFBHLAGRAERIE e HaPERY SRRINGH HPILN WHRASHEfaces of
‘?Qc %ﬁf‘a%g?e R aGEd ﬁéeg E!i er?'?rﬂ GVUHPIERNeh that the

sur Ces 0 rotectivé Iaye ng con |ons In this event were

guslpteatiite @as PrSIHEE WS ZEGu&he N SWEe QUeNcY PRVEhW ESe nitriding
100W, and the nitriding time was 1 second. 5 [0060] As a result of

fineasvamd secanebgen doping amount in the protective layer by the X-ray
photoeligqﬁg spectroscopy (XPS), the contents of nitrogen atoms
relative ]contents of carbon atoms in the protective layer at its

portionsAQrNRAAR HrendldSUMAY iReSrARgJER BBBIMECERPRIGRER Qﬁ@ﬁr@f&tlve

face 10 and the main surfaces were each 0.10 (atomic ratio). [0061]

[Blyen pthéhke bricayipt ddyelesims i@peett byciyey dXpiay thetbodtehts of nitrogen

immersing the magnetic disk in a perfluoropolyether liquid lubricant and

%@W%"@é@é‘&ﬁ)lﬁﬂ@@ SPRLIB O fEREPMAIAIRS EdbRPIREHINRIBYE WALd!S
B S R Sherelg 30T, e ace
teigninglmeintberficBE werin sheiny [09¢2lomic 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
(15x10"°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
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
end face 102 comprising the side wall face 12a and the two chamfered faces
12b, 12b of the glass substrate 1. This also applied to 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
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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 forfiled over the entire region of the
disk 25 end face 102 comprising the side wall face 12a and the two
chamfered faces 12b, 12b of the glass substrate 1. This also applied to
tReSR? B8rpheral end face. Further, as a result of measurement by the
X-ray p 85§4fctron spectroscopy, the coverage of the protective layer
over the outer peripheral end 20 face was 98%. [0064] Then, the

following R OgiertdNsnaeY @o MESi ARIHEPBOIPIWAS ChtadtEduMagntsiebtained
disk. 5 [0065] [Corrosion Inspection] The obtained magnetic disk was left

fRagnrjitteisiperature and humidity environment of 700C and 80%RH for
120 hou[(r(? %% then taken out. Then, it was inspected whether or not
Corrosio 8 rred on the surfaces of the 10 magnetic disk, by a visual

inspectiff@&ﬂg@f)ﬁ mQBéigﬁ%pgity halogen lamp and an inspection using

an optical microscope with 50 times magnification. As a result, no
occurrefdeabtamesionagas b desiarhis [#feimadnghidatigbeshithie and humidity
Example. [0066] 15 After the corrosion inspection described above, a

aOrienysRlighiite e MdAH Rad et rmeurs,ane hapiakg ot testhen. it

Wgémspected whether or not corrosion occurred on the surfaces of the
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]

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

[0067]

[LUL Test]

The above-mentioned magnetic disk and a magnetic head comprising a
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/unload operations of the head
were repeated in a high temperature and humidity environment of 700C and
80%RH in the magnetic recording apparatus. As a result, the magnetic disk of
this Example endured the load/unload operations of 800,000 times.

[0068]

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

and the magnetic head were taken out of the magnetic recording apparatus.
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[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/unload
operations of the head were repeated fn' a high temperature and humidity
environment of 700C and 80%RH in the magnetic recording apparatus.
As a result, the magnetic disk of 25 this Example endured the load/unload

bperatbasHriacesRbihmBRoREEiakand & HifgsiRg oG e element
' boye. ie. i . ic h :
gﬁﬁ@fﬁgﬁ éé;%ﬂeaél&f ¢ ﬁ%ﬁ%?tﬂ'@?% §§e’f§ Hage Wete ﬁ@ﬁé%?é‘a g'Visual

rding appara en, the surfaces o

mageeisndisidand aigliden@estipmadgdtReiamean aviHepeatishausigdn
portion of the magnetic head were inspected by a visual inspection under
ertiigalmieresgopsl vgEhIQripaadagiiipaiition U8khg esWhtitapccurrence of
microscope with 50 times magnific {'on. As a result, no occurrence 01.5
CATRSIAN 1S SRSRRVER R ENHEr o e MAGHEUS diak dnd the RgREY head
head. [(P@@Qé]\Nith respect to the magnetic disk of this Example, the

contents of nitrogen atoms and the contents of carbon atoms in the
protectiw ithyerspieits tpdneomagndtie diskl tddbiamtkdmepieaitns odateran df

the results of the corrosion 10 inspection and the LUL test are collectively

afEReR ALREISRAL R A OTEBTRNAOMSTAbIBeLRGIRckuRrlayRY at its
B RS R SR 8 S0 A i
eRpesiet aitgas latumsesvare bitiastitetyoshdRe id Jlel-tdschisammib R 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.

[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
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)

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



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 carriéfout. 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

ARAHANSS Gh ESAmBIESSWSR 8 CRaANE GBIV IHIRS dipe @ Tt sosrkidkample
Toampl: OgEl wasae At
R S AR T T G

bowsstwNcenditiang RiterafssprrsymaBle3Pa and a nitriding time of 1
second in Example 4. Then, the same tests as in Example 1 were carried

out. Thd89783ults are collectively shown in later-described Table 1.
[0073] 5 (Comparative. Example 1) A magnetic disk was manufactured in
the sam?eé r%?té\éei%%ﬂﬁlj )1 except that nitrogen doping was not

carried QUERIRIJREIEIBR FAY HHRAIMEAYRI ihRB AmEAEN IR 28 % Example

Example 1 were carried out. These results are collectively shown in

fateredps thibedffadpbe Hopin@ovay nGaapadivg BRempler2haragietioe layer.
disk was manufactured in the same manner as in Example 1 except that,

L8emdRA 7R [AERHG FEaRRIe, HRe g RasUped Riggearesults are
g%ﬂ%ﬁ[{)}ée?#%%%'m iﬂ'ﬁ}gﬂgg&ﬂgggr-}-%rpa generating sources 21, 22

upper and Tower main surface sides of a magnetic disk 10

10  (conventonmd]

(Comparative Example 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
15  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]
- End Face | End Face | Main -
Ninopina | = ) | sutase | Sorreson | Lk
N/C N/C N/C 9
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 0.1 0.11 0.11 OK OK
Example 4 C 0.17 0.17 0.17 OK OK

20 [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
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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 EndTace End Face Surfaain ce Corrosion L/UL Method N/C N/

C C N/C Judgment Test Comparative No 0.00 0.00 0.00 NG NG

Example 1 Doping Comparative A 0.078.08 0.13 NG NG Example 2

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 0.17 OK OK .
9B0HTBE erOT SBIECE I W 1 EO (PP RSpYESAR A R WhiNR GO AR &hipspection,

"3 {fak b?\PéﬁSWHﬁ%w&Wﬁéeéjc@ﬁ?eNXE%F%%‘%?&&%%’%EOSB%Jved "NG"

Judgment;’wheh the 23" occurrence of corrosion was not observed as a

vessIthiobme witessspaEreation, TEKwwes Weenunbde vhsafidas of 800,000
occurrence of corrosion was observed, "NG" was given. With respect to

limesrwerengishiiesd/GpHoataspeiaibrylilesab e failive wees sedghed to
R R e SRS L TR A o
e e, o
accordin§@d7ihe Examples can obtain high reliability in the corrosion 10

ig 3 Enepcatlir%?fq?g Theesulis of Tabla 1 deserbed gbz)ovre?)i(tairg R senthat the m agnetic
disks according to the Examples can obtain high reliability in the corrosion
inspection and the LUL test. On the other hand, for example, in Comparative
Example 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
area, it is not possible to suppress water adhesion at a surface of a lubricating
layer so that corrosion occurs 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
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.
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Example 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 area, it is not possible to suppress water adhesion at a
surface of a lubricating 15 layer so thatorrosion occurs 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 beekt8ribed 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 thesayit ggnctiandisk ¥arpsrpadRm AN KOMb6sHRNS Mdbaetic layer,
category of the technical idea described in claims and it is understood
theartherdarer padiealy®&yag & the lebHaRIHG dayrr dotAsGnvehiparder over
24 '%LAPF&ME 1. A magnetic disk comprising a thin film comprising a

?ngﬁ et %F?’a carbon-based protective layer, and a lubricating layer

formed EF AYACHAKPLACISIBLAR EHS LR SR AU AU ERR e

an end face of said magnetic disk are covered with said carbon-based

pootretlwildyeajd arrioarbbaseasec factiectiay clagaid oathims- basagkpratective
art adjacent to the lubricating layer, and the content of nitrogen atoms

&ﬁ\%’&ﬁ'ﬁ‘é é@ﬁ?&%ﬁ%ﬁ%ﬁ BRI Eﬂéhﬁ)“b?ﬂf‘e%f% RYRY RFhERe
28 TS B AETE B BB e e

relative to ntent of car ayer formed on
BRIEEGIAIB RiyérderAed oragaetisriliskes o etingltodaimokewheneaiietdentent of

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

2. A magnetic disk according to claim 1, wherein the content of
nitrogen atoms relative to the content of carbon atoms in the protective layer
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
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
substrate to cover a main surface and an end face of said magnetic 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 to carbon in the protective layer formed on



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 tg 3, wherein said carbon-based
protective layer is a protective layer forfmed 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

ERRIGHRIRSAHghIEdRRI g i eorRiteh OhaResE gl arglative to

- i inthi vera di bstrat
R B A AT B e R Bt S S o surtace.
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 to carbon in the protective layer
formed on 25 said 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 said main surface.





