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Technical Field
[0001]
The present invention relates to a magnetic recording medium manufacturing
. apparatus that dips a disk-shaped magnetic recording medium with a central hole into a
10  dip tank ﬁlled with a liquid lubricant and draws up the magnetic recording medium from
the dip tank, thereby forming a lubricant film on the surface of the magnetic recording
medium.

Priority is claimed on Japanese Patent Application No. 2010-025997, filed

February 8, 2010, the content of which is incorporated herein by reference. .
15  Background Art

[0002]

In recent years, in the field of magnetic recording media used in, for example, a
hard disk Idrive (HDD), there has been a marked increase in recording density and the
recording density has increased at a high rate of about 1.5 times per year. There are

20  wvarious techniques for supporting the improvement in recording density. For example,
one of the key technologies is controlling sliding characteristics between a magnetic head
and the magnetic recording medium.

[0003]

For example, since a CSS (contact start stop) type, which is called a Winchester

25  type, in which a basic operation from the start to the stop of the magnetic head for the



~and the magnetic recording nedium [0003] For exanple, since a CSS (contact
‘start stop) type, which is called a Wnchester 25type, in which a basic
operation fromthe start to the stop of the magnetic head for the 2
magneti c recording mediumis perforned in the order of contact sliding,
floating, and contact sliding is mainly used in the HDD, the contact
sliding of the magnetic head on the magnetic recording mediumis
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protective fil mforrred on a magnetic filmof the magnetic recordl ng medi um
have contgontastisliding daainiygised Hbﬁhéﬁ[?;ﬁ the sprfagisbiding od the magnsyc head &t ance on
the surface of the nmediumare nmain factors for inproving the reliability of
t he magnethe mageetor ctcorgingadedinm i 0jeODaH8. As the protective film of
the magnetic recording nmedium filns made of various materials have been
proposed. Howevigoo4]a carbon filmhas been nmainly used, considering all
factors including a fil mform ng performance and dur abi | i ty. In addition,
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magnetic film of the magnetic recording medium have continued. In addition, abrasion
resistance and sliding resistance on the surface of the medium are main factors for
improving the reliability of the magnetic recording medium.

10 [0005]

As the protective film of the magnetic recording medium, films made of various
materials have been proposed. However, a carbon film has been mainly used,
considering all factors including a film-forming performance and durability. In addition,
for example, since the hardness, density, and dynamic friction coefficient of the carbon

15  film are directly reflected in the CSS characteristics or corrosion resistance
characteristics of the magnetic recording medium, they are very important.

[0006]

However, when only the protective film is provided, the durability of the
magnetic recording medium deteriorates. Therefore, a lubricant film is formed on the

20  surface of the protective film. The lubricant film has the following main functions: a
function of preventing, for example, the protective film of the magnetic recording
medium from being directly exposed to the air to improve the corrosion resistance of the
magnetic recording medium; a function of preventing a direct contact between a
magnetic head slider and the protective film when the magnetic_; head slider incidentally

25  comes into contact with a data surface of the magnetic recording medium; and a function



However, when only the protective filmis provided, the durability of the
"magnetic recordi ng nedium deteriorates. Therefore, a lubricant filmis
formed on the 20surface of the protective film The lubricant filmhas the
following main functions: a function of preventing, for exanple, the
protective filmof the magnetic recording nedium from being directly
exposed to the air to inprove the corrdsion resistance of the magneti c
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incidentally 25cones. jnto, contact with a data surface of the magnetic
recor di ng‘nﬁé%ﬁ“ﬁkggﬂﬁieé“f%ﬁ(??it%ma%ﬂe&? r%‘ioé‘%f‘g M*y reduci ng the

frictional force of the magnetic head slider when the nmagnetic head slider
slides on the n@8%8tic recording medium [0007] The thickness of the

| ubricant filmfornmed on the surface of the magnetic 5 recording nediumis
strictly nmanagerbhd thickhess oéitigdulrdicantifilm dorared toartbe sukface ofrttehoagnefic f or mi ng t he
| ubrication film a so-called dipping nethod has been widely used which
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| ubricant and draws up the magnetic recording nmediumfromthe dip tank,
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with a uniform thi_ckness on the surface of the magnetic recording medium (for example,

10 see PTL 1). In the dipping method, in general, a batch processing method is used in
terms of mass production and a plurality of magnetic recording media arranged in a line
are dipped into the dip tank and are collectively proceséed.
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15 [0008]

[PTL 1] JP-A-6-150307
Summary of Invention |
Technical Problem

[0009]

20 However, in a lubrication film coating method using the above-mentioned
dipping method, when the magnetic recording medium is drawn up from the dip tank, it
is important to draw up the magnetic recording medium at a constant speed such that the
level of the liquid lubricant does not fluctuate. The reason is that, when the level of the

liquid lubricant fluctuates, linear coating unevenness occurs in the thickness distribution

25  of the lubricant film formed on the surface of the magnetic recording medium.
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"I nvention Techni cal Problem [0009] 20However, in a lubrication filmcoating
nmet hod usi ng t he above-nenti oned di ppi ng nmet hod, when the magnetic
recording nmediumis drawn up fromthe dip tank, it is inportant to draw up
t he magnetic recording medium at a constant speed such that the |evel of
the liquid | ubricant does not fluctuatd. The reason is that, when the |evel
of the liquid Hﬁﬂbﬁcant fluctuates, |linear coating unevenness occurs in the
t hi ckness distrh lion 250f the lubricant filmformed on the surface of the
magnetic recording medium 4 [0010] Specifically, the magnetic recording
medi um di pped i¥esificaly. dhﬁomtaamﬁzlqrgccgélasmd@an dippgd dnte E}‘%?erEéF“’i‘tl&t e by a
hanger which is inserted into the central hole of the magnetic recording
medi um  Vppottékintesugpended stdredwra hgmgér which hieingérpedtintokthé tértradihole Ohtigt he
liquid lubricant, the level of the liquid lubricant varies (fluctuates). In

particul amaowmrrectdn@mgmﬁrml sWheR e Ieinterdb dvsvri iefrbiahié dipltaniefilledwibl et s
(liquid poof) attached to the hanger are splashed or trickle. As a result,

uneveryesg.ijgyld l'ﬁﬁxllé/ani Qhé)l%%lrof'tl'ib kdiBd Myrﬁm%ﬁeéj{fﬁltcfda@é} i qf pakticube,
| ubri cant i ®n1 formed on e surf @g of the magnetic recording
when the hanger is drawn out above the liquid level, droplets (liquid pool) attached to the
hanger are splashed or trickle. As a result, unevenness is likely to occur in the thickness
distribution of the lubricant film formed on the surface of the magnetic recording
medium.
10 [0011]

In the description of PTL 1, in order to solve the above-mentioned problems, an
acute-angled edge is formed at the upper end of the hanger which comes into contact
with the inner circumferential portion of the magnetic recording medium to prevent the
occurrence of the liquid pool. However, in this case; when the level of the liquid

15  lubricant is cut by the edge, a small liquid pool formed at the edge is splashed and the
level of the liquid Iubricant fluctuates. As a result, unevenness occurs in the thickness
distribution of the lubricant ﬁlh formed on the surface of the magnetic recording
medium.

[0012]

20 The invention has been made in view of the above-mentioned problems and an
object of the invention is to provide a magnetic recording medium manufacturing
apparatus capable of forming a lubricant film with a uniform thickness on the surface of a
magnetic recording medium.

Solution to Problem

25 [0013]



medi um 10[0011] In the description of PTL 1, in order to solve the
'above-nentioned problems, an acute-angled edge is forned at the upper end
of the hanger which conmes into contact with the inner circunferenti al
portion of the magnetic recording nmediumto prevent the occurrence of the
liquid pool. However, in this case, when the level of the liquid

15l ubricant is cut by the edge, a snalP liquid pool formed at the edge is

spl ashed and the level of the liquid lLubri.cant f|uctuates. As a result,
unevenness occ F‘é’“feﬁt‘%ﬁ ‘?Vﬁitg‘kﬂ@g@’ &‘Fé‘f‘feinbﬁ? PW'%F%%@“PWH}%TEW' film
formed on the surface of the magnetic recording nmedium_ [0012] 20The

i nventi on has bbesardiagieo 3 frst aweciail th@veminne theisis Pitvaded# BBERHE and an

obj ect of the invention is to provide a nagnetic recording nmedi um
manuf act ueterdingppediamusanuégrabing appafatsrthaiglips d dibe-slepad nfaghetiosieedrdmguni f or m
t hi ckness on the surface of a magnetic recording nmedium Solution to

Probl em 25t&@k3dith B cértrapheRlintoQ dp bink Rletvit®]igeit lubrivand andelrawoup theovi des
the foll owi ng neans. According to a first aspect of the invention,

rer 5 SRS MBI FORCRE Ay Sl AR O0 a2 et
tank fill sehgfa\émé E)P thd rrllaigﬂgtiicdrelcgr Enigcn"%Q&iur?ind T‘ﬂé %ngtpc lteggrding medium
mapufacturing apparatus includes a hanger mechanism that is inserted into the central
hole of the magnetic recording medium and supports the magnetic recording medium in a
suspended state, and a lifting mechanism tﬁat lifts and lowers one of the hanger
10  mechanism and the dip tank relative to the other. The hanger mechanism includes a
supporting plate including an upper end which comes into contact with an inner
circumferential portion of the magnetic recording medium and a baffle plate that is
provided outside the supporting plate so as to be arranged in parallel to the supporting
plate. An upper end of the baffle plate is disposed below the upper end of the

15  supporting plate such that a gap is formed between the upper end of the baffle plate and
the inner circumferential portion .of the magnetic recording medium. The upper end of
the baffle plate is higher than the height of a liquid level when liquid separation occurs in
a liquid pool formed in a gap bétween the inner circumferential portion of the magnetic
recording medium and the supporting plate.

20 According to a second aspect of the invention, in the magnetic recording
medium manufactufing apparatus according to the first aspect, the hanger mechanism
may include a pair of supporting plates having upper ends which come into contact with
the inner circumferential portion of the magnetic recording medium, and a pair of baffle

plates that are provided outside the pair of supporting plates so as to be arranged in

25  parallel to the supporting plates.



5magnetic recording mediumfromthe dip tank, thereby form ng a | ubricant
‘filmMon a surface of the nmagnetic recordi ng medium The nmagnetic recording
medi um manuf acturi ng apparatus includes a hanger nmechanismthat is inserted
into the central hole of the nmagnetic recordi ng medi um and supports the
magneti c recording nmediumin a suspended state, and a lifting nechanism
that lifts and | owers one of the hangeﬁ 10 nechani sm and the dip tank

“relative to the other. The, hanger chani smi.n¢l udes su rting plate
i ncl udi ng an upFEPTAREIOR EH a&‘%r%%%ﬁf‘bveeﬁﬁ%é'&ﬁ‘e\m?gﬂ’eﬁﬁ refcﬁﬁtg?g mediufh
circunferential portion of the magnetic recordjng nmediumand a baffle plate
that is pnawferseringapprratustaseordingdoths gt o seeendsabsd: 2 8ro9¥° BYHIQR&Rd i n
parallel to the supporting plate. An upper end of the bafflefpl ate is
di sposed wisitiotetihgeruppemfeadiabportior of thesupgetit revgrdibmmedsncis fittedtmay gap i s
formed between the upper end of the baffle plate and the inner

ci rcunf errprbAlded @ the @ppedfend bﬁﬂﬁ%GpﬁiﬁiﬁgEﬁ&OFdi ng medi um The upper end of
the baffle plate is higher than the height of a liquid |level when liquid
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circunferential portion o e magnetic recordi ng nmedi um and the supporting

pl ate. 20Accqrding to . a.secand.as i Qn,. . tic
recor di nf%ﬁ?%%"%?ﬂ?ﬁ%‘fsﬁclc%%l tﬁiﬁ%&“ﬁ‘@ aé@%&r%ﬁ‘ﬁg{ a'tvg)%tvﬁket{bfa M/]Z rﬁggggct, t he
hanger nmechani sm may i nclude a pair of su rting plates having upper ends
whi ch con‘éePﬁ‘ﬁ@n@émeaé’éf’o‘ﬁHW‘?rh%tatihﬁﬁ'éﬁpoé‘i“{ggﬁﬁFer ential portion of the
magneti c recordi ng medium_and a pair of baffle plates that are provided
out si de the paikccofdisgippafifth aspest eft the invgnaen. in thsanagnetin irsarding Msipy| | el to
the supporting plates. 6 According to a third aspect of the invention, in
t he magnembsufa@eonghpiarascidsordirntofaag tone ofithedprpteto dowrth aspeats,dhabjariger t he

first or second aspect, a groove portion to which the inner circunferenti al
portiQn ohedhRisPRRe bhpporerNufliftofMRaent récotdihg afdimirrahgedinaMinted at t he
upper end of the supporting plate. 5According to a fourth aspect of the
‘invention, int | G RE [ A | RIERRPALSL US
according to th‘g&toﬂ?]fgg?%%%()a(%lt%Béa&g??}eqﬁngéynw@gp%@lg@gg?mﬁg ormedgi n the
bottom of the groove portion of the supporting.plate.. . . . rding to a
FrTEh mepmasnest rantng flsdhirois pooEhe RRoREbPE iRUEkS dinpins g (e

manuf acturi ng apparatus according to any one of the first taqg.fourth

aspect s, mngr?qﬁiggg@(rding medium with agcentral hole 1nto a dip tank filled with acilqm(}J

lubricant while inserting a hanger mechanism into the central hole of the magnetic

15  recording medium to support the magnetic recording medium in a suspended state, and
drawing up the magnetic recording medium from the dip tank to form a lubricant film on
a surface of the magnetic recording medium. The hanger mechanism incl.udes a
supporting plate including an upper end which comes into contact with an inner
circumferential portion of the magnetic recording medium, and a baffle plate that is

20 provided outside the supporting plate so as to be arranged in parallel to the supporting
plate. An upper end of the baffle plate is disposed below the upper end of the -
supporting plate such that a gap is formed between fhe upper end of the baffle plate and
the inner circumferential portion of the magnetic recording medium. The upper end of
the baffle plate is higher than the height of a liquid level when liquid separation occurs in

25 aliquid pool formed in a gap between the inner circumferential portion of the magnetic



10 nmechani sm may support a plurality of magnetic recording nmedia arranged
‘in a line. According to a sixth aspect of the invention, a nethod of
manuf acturing a magnetic recording nediumis provided. The nethod incl udes
di ppi ng a di sk-shaped magnetic recording nediumw th a central hole into a
dip tank filled with a liquid lubricant while inserting a hanger nmechani sm
into the central hole of the magnetic ¥5recording nmediumto support the
magneti c recgrdin .medi i suspended state, and drawi ng up the nmagnetic

in a
recor di nd*rEaIngM 41%393@%1%19%&9% #forma lubricant filmon a surface of

t he magnetic recordi ng medium The hanger nechani smincludes a supporting
pl at e i nchdiantageays Efferds ofdaventidnich cones into contact with an inner
circunferential portion of the magnetic recording nmedium and a baffle
plate that is J0fr4vi ded outside the supporting plate so as to be arranged
in parallel to the supporting plate. An upper end of the baffle plate is

di sposed bel ow Aty aboRel iR the idPerfivBPOhé the ntlgatee feusididdvatdiamaap is
forned between the upper end of the baffle plate and the inner

circungfer ' ' [FolEs ol i T end of
he. bar 15w 3p e el B 10 AL ulaTGE A e Plte 0 PHORRY 201 o
separatio cecurs i,n,25a, ]iquid pool fo i . ] i r

ci rount erdugrainyn I iR SRR R BOEhe 1P aPRE 1RBRIE AR uEBS
supportin% pl ate. Advant ageous Effects of Invention [0014] As descri bed
above, i g BEPRORAERIAGN, when the nagnetic recording nediumis 5drawn up
fromthe dip tank filled with the liquid lubricant, the baffle plate can
prevent fluctudfPbd in the Iiquid | evel which occurs when the |evel of the

liquid lubricant is cut by the supporting plate.
Therefore, according to the invention, it is possible to form a lubricant film with

10  auniform thickness on the surface of the magnetic recording medium while preventing
the occurrence of linear coating unevenness in the thickness distribution of the lubricant
film formed on the surface of the magnetic recording medium.  As a result, it is possible
to provide a magnetic recording medium which is suitable for reducing the floating
height of a magnetic head and has high abrasion resistance and high environmental

15 resistance.

Brief Description of Drawings

[0016]

FIG. 1 is a side view illustrating an example of a dipping apparatus according to
the invention.

20 FIG. 2 is a cross-sectional view illustrating a hanger mechanism taken along the
line X-X' of FIG. 1.

FIG. 3 is a plan view illustrating a main portion of the hanger mechanism shown
in FIG. 1, as viewed from the upper side.
FIG. 4 is a cross-sectional view illustrating the hanger mechanism taken along

.25  theline Y-Y' of FIG. 3.



.[0015] Therefore, according to the invention, it is possible to forma
lubricant filmwi th 10 a uniformthickness on the surface of the nagnetic
recordi ng medi um whil e preventing the occurrence of |inear coating
unevenness in the thickness distribution of the lubricant filmfornmed on
the surface of the nagnetic recording dium As a result, it is possible
to provide a magnetic recording nediungﬁhich is suitable for reducing the

fl oati ng heigh f.a magnetic, head a i I | $tance and
EII gl h envir onrre&lzll(gl 5 e s %‘F&HH&S“%P?@% "%@?‘@F‘P%??S@ﬁg g‘?&%r@%vﬁc\'n%@g@%[ 0016]

1is aside viewillustrating an exanple of a dippin ar at us
accor di nfompagisen beﬁwgqﬂqh@,,tﬁvebgﬁad}qug{] fu. T'Q@E?WF'E‘EWE’JK@&IPPF Postrating
a hanger nechani smtaken along the line X-X of FIG 1. FIG 3is a
pl an vi evis itawnsupr fromraglip tankiand shews @ pratsibefere atigrigeroohsciBRFS m shown in FIG
1, as viewed fromthe upper side. FIG 4 is a cross-sectional

view illustratipg. 6 liea Sidagiew iftesthuingsie simkimionlresulys Bbtated fionethe- Y'  of FI G
3 8 FIG 5is a side viewillustrating the simulation results

obt ai Bed JohabHELGRERAE QRIEUNERil MbrlcaiedFenthe maheiid edrdbigi cant  when
a magnetic recording nediumis drawn up froma dip tank and shows a state

el or. 2 b PSP i 8 5B n i B e
FIG. 7 is a side view illustrating the simulation results obtained from the
comparison between the levels of the liquid lubricant when the magnetic recording
medium is drawn up from the dip tank and shows a state when the liquid pool is cut.

10 FIG. 8 is a characteristic diagram illustrating a simulation in which the height of
the level of the liquid lubricant when the magnetic recording medium is drawn up from
the dip tank is measured. |

FIG. 9 is an enlarged characteristic diagram illustrating the vicinity of a liquid
separation point in the graph shown in FIG. 8.

15 FIG. 10 is a cross-sectional view illustrating an example of the magnetic
recording medium.

FIG. 11 is a perspective view illuétrating an example of a magnetic recording
and reproducing devicé.
Description of Embodiments

20 [0017]

Hereinafter, exemplary embodiments of the invention will be described in detail
“with reference to the accompanying drawings.
(Magnetic recording medium manufacturing apparatus)

A magnetic recording medium manufacturing apparatus according to the

invention is, for example, a so-called dipping apparatus which dips a disk-shaped

[\
h



SCorrparl son between the levels of the liquid lubricant when the nagnetic
"recotding mediumis drawn up fromthe dip tank and shows a state when the
liquid pool is formed. FIG 7 is a side viewillustrating the sinulation
results obtained fromthe conparison between the levels of the liquid

| ubri cant when the magnetic recording gedi umis drawn up fromthe dip tank
and shows a state when the quuid pool“is cut. 10FIG 8 is a characteristic

di agram L Lustt & ag Auehi g)p i arge,ml o 1'66aﬂﬁ‘b%ﬁps Bl sl of the

a1k ecor ng medi um | rawn up fromthe
nk i s, measure i S an ct ri I agr am

i Il ust ratliayig lph@cmt&q@ﬂtdya%q u%thf:i”&ﬂ%nan“s’é"ﬁgr ° g‘% ?}he lélrtaglpl)‘ﬂl sgown

in FIG 8. 15FIG 10 is a cross-sectional V|eW|IIustrat|ng an ex rrple of

t he magnehéreby focmingi miybrieatit dilm on the surface of themagneic preprpoeiediun, |
illustrating an exanple of a magnetic recording and reproducing device.
Descr i pt isapwfin Efdodi ments 20[ 0017] Hereinafter, exenplary

enbodi ments of the invention will be described in detail with reference to
t he agconpanyi r[gopgr]avm ngs. (Magnetic recordi ng nmedi um manuf act uri ng

appar at us) A magnetic recordi ng nedi um manufacturing apparatus

%f%dh?gst 0 éf&?ﬁ&?}hgﬁ’ oot klgcﬂvd S FIGRT 18X3TRhE4, the ARpHR! dpparatlisRiiin@sappar at us
hanger mechanism 2 which is inserted into the central hole 100a of the magnetic
recording medium 100 and supports the magnetic recording medium 100 in a suspended
state, and a lifting mechanism 3 which lifts or lowers one of the hanger mechanism 2 and
10  the dip tank 1 relative to the other.
[0019]
The hanger mechanism 2 includes a pair of supporting plates 4a and 4b which
are provided so as to extend in parallel to each other in the horizontal direction. A

plurality of V-shaped groove portions 5 to which an inner circumferential portion of the

magnetic recording medium 100 is fitted are arranged at constant intervals at the upper

—t
(4]

ends of the pair of supporting plates 4a and 4b. In this way, a plurality of magnetic
recording media 100 are supported while being arranged in parallel in the longitudinal
direction. In addition, the inner circumferential portion of the magnetic recording
medijum 100 comes into contact with the groove portions 5 and the magnetic recording
20  medium 100 can be stably held.

[0020]

Slits 6 are vertically provided in the bottoms of the groove portions 5 of the pair
of supporting plates 4a and 4b.  The slit 6 rapidly guides the liquid lubricant L which
stagnates between the groove portion 5 and the inner circumferential portion of the

25  magnetic recording medium 100 fitted to the groove portion 5 to the lower side and 1s



magneti c recording nmedium 100 with a central hole 100a into a dip tank 1
‘filled with a liquid lubricant L and draws up the magnetic recording nedi um
100 fromthe dip tank 1, thereby formng a lubricant filmon the surface of
t he magnetic recordi ng medi um 100, as shown in FIG 1. 5[0018]

Specifically, as shown in FIGS. 1, 2, 3, and 4, the dipping apparatus

i ncl udes a hanger nechani sm 2 which iSIQnserted into the central hole 100a

of the magnetic¢ recordi ng nmedium 100 .and s ort.s the magneti.c, recordi ng
et um 1007k i & GEGE SR QREVERaag e R RS o B ERRES A, b s o

| owers one of the hanger mechanism 2 and 10the dip tank 1 relative to the
ot her. [omagetiphecordingarediie hah Py MBingnc| udes a pair of supporting pl ates
4a and 4b which are provided so as to extend in parallel to each other in
the horizontal [@2Hction. A plurality of V-shaped groove portions 5 to

whi ch an inner circunferential portion of the magnetic recordi ng medi um 100

is fitted are arkchgger mtchanRal Ahicluded baflalpttat7atdnd 7bpyidch sregdeovdlied he pair
of supporting plates 4a and 4b. In this way, a plurality of nagnetic

recor &§ Ngourgidl thel it GHsBpsotiROplatd 4Wahd 8b BEhOD SidANEBaralldl tBMApdieds I N the
| ongi tudi nal direction. 1n addition, the inner circunferential portion of

t he magneg | L Hﬁldd um i i : V,
portions %Jpgﬁﬁﬁ%ﬁggﬁ%gdne i (P r ércj? g?’&ﬁ%g% g%ieﬁﬁfﬁﬁ?ﬁ 0 bcég%bg)evws.é? acglllisi&h@Fd.
[0020] Slit.s are vertical]ly provided in the b ons of .the groove
portions Balb?&t“ﬁgorﬁ‘ﬁgrpﬁaé‘?s c‘)trbtsf’r?@%?ﬁ?‘gfsmlpﬁmjﬁfit(’f&?h Fhsr g’ltﬁ? 6 rapidly
guides the liquid lubricant L which stagnates between the groove ﬁor tion 5
and t he i herigontyl dieqHoay e Ate PP SR Ofrfhe Paffls@latentanns: Tbcare kavesr dhangheredi um
100 fitted to the groove portion 5 to the lower side and is 10 forned in a
| i near sheprer ¢nds of the Sipppeingwilates 4a aiddibh andes gap Hanformed bétweemtwsippér t he
magneti ¢ recordi ng nmedium 100 by cutting.
10  ends of the baffle plates 7a and 7b and the inner circumferential portion of the magnetic
recording medium 100. The lower ends of the supporting plates 4a and 4b and the
baffle plates 7a and 7b are higher than a horizontal line passing through the center of the
magnetic recording medium 100.
[0022]
15 The lifting mechanism 3 is not particularly limited as long as it can dip the
magnetic recording medium 100 into the dip tank 1 filled with the liquid lubricant L or
draw up the magnetic recording medium 100 from the dip tank 1. For example, the
lifting mechanism 3 includes a supporting pole 8 which supports the base ends of the
supporting plates 4a and 4b and the baffle plates 7a and 7b with one end, a nut portion 9
20  which is attached to the supporting pole 8, a lead screw 10 which is inserted into the nut
portion 9, and a driving motor 11 which rotates the lead screw 10. When the driving
" motor 11 rotates the lead screw 10, the supporting pole 8 is moved in the vertical
direction together with the nut portion 9 into which the lead screw 10 is inserted to lift or

lower the pair of supporting plates 4a and 4b relative to the dip tank 1.

25 [0023]



[ 0021] The hanger nechanism 2 includes baffle plates 7a and 7b which are
provi ded 5outside the pair of supporting plates 4a and 4b so as to extend
in parallel to the pair of supporting plates 4a and 4b. The pair of baffle
plates 7a and 7b are provided outside the pair of supporting plates 4a and
4b so as to extend in parallel to each other in the horizontal direction.
The upper ends of the baffle plates 7alland 7b are | ower than t he -upper ends

of the supporting plates 4a and 4b nd.a gap S is.f-or.med betyeen the upper
10ends of the B‘é?’?q ‘L!p'ﬂf‘%ta%%arﬂs B%Vd"‘gr@‘eélha“‘igwgnﬁ‘%?@r*[f}%ft%"ceaW?g‘ﬁﬁﬁeti al portion
of the nmagnetic recording nedium 100. The |ower ends of the supparting

pl at es 4anagngtiarecarding mediyar }00dippesh int the ligwd lulyicapel g diselip Eaﬁgﬁ 1§

hori zontal |ine passing through the center of the magnetic recordi ng medi um
100. [ 002Rhwil i fen thktdimgnkd cthabaln Bates 7nand Pacan reducgrilugtyation ieieas | ong
as it can dip the magnetic recording nmedium 100 into the dip tank 1 filled
with the lquidiedel witith 68diirs Whe thdnews! oftht higquidbgbdanc L iecarbdithgsuppditing 100
fromthe dip tank 1. For exanple, the lifting nechanism 3 includes a
supporsti at@ﬁh? ,t}(ﬂ\?l ch supports the base ends of the supporting plates 4a
and 4B ard the batfle plates 7a and 7b with one end, a nut portion 9
20whi ch is atta[ﬁgfﬁ to the supporting pole 8, a lead screw 10 which is
inserted into t ut portion 9, and a driving notor 11 which rotates the

| ead screw 10. Wien the driving tor 11 rotates the l.ead.screw 10, the
supporting pol egpgcﬁf‘:?alilﬁb\fiﬁsi g %gP%V’FiSBB‘IﬂaH‘?‘} @é‘tﬂis’oﬁt?lﬁﬁcg?ﬂ@rtﬁw th the nut
portion 9 into which the |lead screw 10 is inserted to Iift or _|ower the
pair of semmarisembetpren e sttesa thedlsvel off she iauid lbrigantd; whersthg dippings 0023]

11 In the di pping apparatus having the above-nentioned structure,
when the appgraeisiiacludingrtie befflerphiiasfia 00 7diapmeding o thetimeentivgandia dipptigcant L
inthe dip tank 1 is drawn up fromthe dip tank 1, the baffle plates 7a and

7b capy r eghsatinld WihohR i ARiingith baffle flatel74 et adtbalingdahie elmbeart iy | evel
of the liquid lubricant L is cut by the supporting 5plates 4a and 4b.

up the magnetic recording medium 100 from the dip tank 1.
[0025]

In the simulation results shown in FIGS. 5 to 7, (a) shows a case in which the

dipping apparatus according to the related art is used and (b) shows a case in which the

—
N

dipping apparatus according to the invention is used. ~Each of (a) and (b) is an enlarged
view illustrating the vicinity of a contact position between the inner circumferential
portion of the magnetic recording medium 100 and the supporting plate 4a.
| [0026]
In the dipping apparatus according to the related art, as shown in FIG. 5(a),
20  when the magnetic recording medium 100 dipped into the liquid lubricant L in the dip
tank 1 is drawn up from the dip tank 1 at a constant speed, the level t of the liquid
lubricant L moves downward along the surface of the magnetic recording medium 100.
[0027]
As shown in FIG. 6(a), when the contact position between the upper end of the

25  supporting plate 4a and the inner circumferential portion of the magnetic recording



[0024] Specifically, FIGS. 5 to 7 show the sinulation results obtained from
“the tonparison between the states of the level of the liquid lubricant L
when the di ppi ng apparatus including the baffle plates 7a and 7b accordi ng
to the invention and a di ppi ng 10apparatus w thout including the baffle

pl ates 7a and 7b according to the related art draw up the magnetic
recordi ng medi um 100 fromthe dip t ank13. [ 0025] In the sinulation

results. shown inFIGS, 5.t0.7, 0 a se | i.ch the.dipping :
Lot uemgting Tt Rinet i ik 1afeth of PR aut E83 %k . 1B SBL L RE e RELLS;

whi ch 't he 15di ppi ng appar atus accor dj ntg to the invention is used. Each of
(a) and (Wpripant dwlgh iy @ By theatprer endsefrthe syrportng Rlatsidaimayes flownwaidh act
position between the inner circunferential portion of the magnetic
r ecor di ngwhid fammrig®liqwid pooled' supgap b'i begwesnahe intiar cif@mEBicntial nomeorddfthe ng
apparatus according to the related art, as showm in FIG 5(a), 20 when the
magnet i ¢ magtdira@rading imudivkd 000 biped suppatiidplate 401 d'hetiquidggyat dlisi n the dip
tank 1 is drawn up fromthe dip tank 1 at a constant speed, the level t of

the Tiqui gbrektpdd 6Pk shrfﬁ'&:‘zltgn]?si&%ﬂ}’i@[igui%'l%ahﬂﬁ and Esfcﬁﬁfén@é %Eh@ve'i@gf‘@n%i c

recordi ng medi um™100. [00 shown in FIG 6(a), when the

cont act PG INCAR RRHRG RS BRENRR b A RRAREQ U b BRisand ¢ e

i nner circunterential portion o I'C recor
gradually reduced.
[0028]

As shown in FIG. 7(a), when the liquid pool d' is cut, a residual liquid z' forming
10 the liquid pool d is drawn to the level t of the liquid lubricant L. and moves up to the level
t of the liquid lubricant L along the inner circumferential portion of the magnetic
recording medium 100. In this case, a fluctuation corresponding to the difference from
the level t caused by the movement of the residual liquid z is transmitted to the level t of
the liquid lubricant L.  As a result, the level t of the liquid lubricant L fluctuates
15  (varies).
[0029]
In contrast, in the dipping apparatus according to the invention, as shown in FIG.
5(b), when the magnetic recording medium 100 dipped into the liquid lubricant L in the
dip tank 1 is drawn up from the dip tank 1 at a constant speed, the level t of the liquid
20 lubricant L moves downward along the surface of the magnetic recording medium 100.
[0030]
As shown in FIG. 6(b), when the contact position between the upper end of the
supporting plate 4a and the inner circumferential portion of the magnetic recording
medium 100 is higher than the level t of the liquid lubricant L, the level t of the liquid

25  lubricant L which is cut by the upper end of the supporting plate 4a moves downward



medi um 100 is higher than the level t of the liquid lubricant L, the |evel
‘t of'the liquid lubricant L which is cut by the upper end of the supporting
‘plate 4a noves downward while formng a liquid pool d in a gap S between
the inner circunferential portion of the nmagnetic recording nmedium 100 and
the supporting plate 4a. The liquid pool d' is 5 generated by the surface
tension of the liquid lubricant L and 135 drawn to the level t of the liquid
| ubri can i ch nmoves dow%ward S

t L c¢h that the thickness of the |igquid pool
d is gr MQV%V“F‘@ Ly Pei§IB R g&BlésR%t\Wﬁe’? fhepqper ciredmtergny Lp?‘ﬂg] P?gﬁi d pool
d is cut, aresidual liquid z' formng 10the liquid pgool d is drawn to the
| evel t onhagnetc Fcqrdigg mgwm:m, the Sé}ﬁﬁor%ﬂ%@?t%ﬂ)aataﬁd ﬂ}?eba%i%lﬁtetfaof Re liquid
| ubricant L along the inner circunferential portion of the magnetic
r ecor di ndiquidipeuhdlif@enerated by thesasfece @nsibm of thatiqoid lobricass pandiindrawo te he

difference fromthe |level t caused by the novenent of the residual liquid z
i's transnhl&dl tdf thBqlie i@richntdf whivh thoweyiddwhward aehthat theAicknessoiitite, t he
|l evel t of the liquid lubricant L fluctuates 15(varies). [0029] In

contrast . | F Lk BRIGSIARAGEAL us according to the invention, as shown in
FI G (b)lfdu\?\%é%ﬁt(ﬂggrmgn tic recording medium 100 di pped into the liquid

| ubricant L in b&ﬁ]dip tank 1 is drawn up fromthe dip tank 1 at a constant
speed, the Ieve[ of the liquid 20 lubricant L noves downward al ong the

T e et AR R G R U RS2
and the inner circunferential portion of the magnetic recordi ng medi um 100
i s hi gherthe higuidtpee! d envdsawn tothetiens] | phtle diqrigdpbrueant Liand maves B & the Igyel ¢ he
liquid 25l ubricant L which is cut by the upper end of the supporting plate
4a noves sfwheAguld Idb3icant L along the inner circumferential portion of the magnetic
10  recording medium 100. In this case, the baffle plate 7a with the upper end slightly
higher than the level t prevents a fluctuation corresponding to the difference from the
level t caused by the movement of the residual liquid z from being transmitted to the |
level t of the liquid lubricant L. In this way, it is possible to reduce fluctuation
(variation) in the level t of the liquid lubricant L when the level t is cut.
15 [0032]
FIGS. 8 and 9 show the simulation results obtained from the measurement of the
height of the level of the liquid lubricant L when the dipping apparatus according to the
invention and the dipping apparatus according to the related art draw up tfle magnetic
recording medium 100 from the dip tank 1.
20 [0033]
In the simulation, for the dipping apparatus according to the related art, an
analysis model was .used in which the magnetic recording media 100 with an outside
diameter of 65 mm, an inside diameter of 20 mm, and a thickness of 0.8 mm were

arranged at intervals of 6.35 mm on the supporting plate 4a (4b) with a thickness of 0.2

25 mm and a height 7 mm and the slit 6 with a width of 0.3 mm and a depth of 3 mm was



while formng a liquid pool d in a gap S between the inner circunferential
‘portion of the magnetic recordi ng medi um 100, the supporting plate 4a, and
the baffle plate 7a. The liquid pool d is generated by the surface tension
of the liquid lubricant L and is drawn to the level t of the liquid

| ubricant L which noves downward such that the thickness of the 5liquid
‘pool d is gradually reduced. [0031] 14 As shown in FIG 7(b), when the

liquid pool .d |s.cut, a resjdual |iquid farm i-qui ool dis
drawn to W‘Pl@g?cle'ﬂ‘}éﬁe fdrﬁ?“tpﬂﬁhw ﬁﬁ.‘”ae‘i' Hﬁrlpieér?g cﬁ"%ﬁ%@é@%gﬁ% the |evel t
of the liquid lubricant L along the inner ci I‘Cl,%mc er E(gti a%l ?r tthon of the
magnet i ¢ MAENEHS FegPFingagdivm asohe pupnogting placda (e 1R oY @Sg t'8°7a with the
upper end slightly higher than the Ievel t prevents a fluctuation

cor r esportipping tpparites aichbfdingtoctbe inventiorh @n apalysis modalwescussd whieh wWasBeent of
the residual liquid z frombeing transmtted to the level t of the liquid

| ubri cantsatne ak fthdt i the\tipping hppasatiossk thattthe pedbareedn the sugtortomg glatgr i ati on)
inthe level t of the liquid |ubricant L when the level t is cut. 15[0032]

FI GS. <8 Wil ' el dap PhirREdaade inmRMcihienfrasdr enent  of
t he hgi g%{tﬁqcﬁe ?@Wp&%ﬁ@%é@bﬁ%hﬁ?gﬁ?d Iétjlgri cant L \e/\/nen t he di ppi ng

opeal th ey @%Pt;'r]é‘%atoﬂetﬁ{‘nﬁg&%&%%d?ﬂm%% a&ngfhé"ﬁ@gi Bt RRabafEpIAEFRr ding to

raw=up I'C recording dium 100 fromthe dip tank

o the. r a7kt vas stto D3 mifal posddnisdir Loty AR, AT RehendERC ' ™

recording nedia 100 with an outside dianmeter of 65 mm an inside dianeter
of 20 nm unssticenditinnsisnesthabg swisge tensigarcecHicionh yag 2 snth ﬁf‘é‘%&f‘%ﬂt% 46.35 mm
on the supporting plate 4a (4b) with a thickness of 0.2 25 mm and a hei ght
7 nm and ¢dngacs higle Gawkdtho 60%iadd thedeved t Svashoveered at akkpsediobd n@/am was 14
provi ded at the contact position between the inner circunferential portion
of thg magneti 00§4:d|ordi ng medi um and the supporting plate 4a (4b). In
contrast, for the dipping apparatus according to the invention, an analysis

model was used i ¢, pag stnggfn%"m@‘.% 2{.1{3189 tlilendibﬁi%%gb%ghtﬂg a8opd@h@tdiheexcept

that the gap between the su porting plate sand the ffle plate was set to
magnet T ¢ IRSERH o1} TROkF ot enos e e b ETe G B R BRL AR R S0 (o)
bor for meclharket B comBas e apine Snper oG Bo o ik
tenth of that of water, a contact angle was set to 600, and the |evel t was
| over ed af isarspdadedgraph siystrating the vicinity of a liquid separation point in the graph
15 shown in FIG. 8.
[0035]
As described above, the dipping apparatus according to the invention can form a
lubricant film with a uniform thickness on the surface 6f the magnetic recording medium
while preventing linear coating unevenness in the thickness distribution of the lubricant
20  film formed on the surface of the magnetic recording medium 100. The use of the
dipping apparatus makes it possible to manufacture a magnetic recording medium which
is suitable for reducing the floating height of a magnetic head and has high abrasion
resistance and high environmental resistance.

[0036]

25  (Magnetic recording medium)



10[ 0034] As a result, as shown in FIGS. 8 and 9, the dipping
"apparatus according to the invention can reduce fluctuation (variation) in
the level t of the liquid lubricant L when the level t is cut, as conpared
to the di pping apparatus according to the related art. FIG 9 is an

enl arged graph illustrating the vicinity of a liquid separation point in
the graph 15shown in FIG 8. [0035] 15 As descri bed above, the dipping

appar at us accotdi to.t. i nyent i r e [ j a
uniformthi cknég%{jglﬁe &quegiékrpgtgge %fﬁﬂ? ﬁ%g]rlréat%ne @gi@gﬁ%ﬁ%ﬁ%&d&d&}ﬂg@rg \%i |l e
preventing |inear coating unevenness in the thickness.distribution of the
| ubri canttgezd)lpplngrﬁppﬁﬂﬂﬂé@c@r‘id‘flﬁéo thepygagiogwijl &?8 dﬁ%fé‘ﬁg‘? Fbée?%‘LBﬁﬂaﬁ fg nedi um
100. The use of the dipping apparatus nmakes it possible to manufacture a
magnet i ¢ discae diaggetivedierdingimetiumS0shpwain ElG.oi0 asagsxamplet he f1 oati ng

hei ght of a magnetic head and has hi gh abrasion resistance and high

envi ronnent al rihsinsdeastierechiNBmeAai\peretiptifieé aothdifoldpwngidasgriptios 1s

Next, the detailed structure of the magnetic recordi ng nedi um manuf act ured

by t.“? diiﬁ@étﬂﬁvéppﬁrﬁgﬁéti@%gfcﬁﬁg“ﬂe&iﬂn{Iﬁiﬁrlﬂfﬂétﬁﬁéﬁib@ﬂhd\ﬂiﬁbin@e{pﬁmmsi bed in
detai[ using a discrete nmagnetic recording nedium 30 shown in FIG 10 as an

| e. - T j Fall¥ela: [ lhdyd in th
e T e s

esc A magnetic recordi ng nmedi um
manuf actured by the di ppi ng appar atus. acgordi ng t.Q M\ i i s not
necessar iqpyranmeﬁséei*%gfm oddepfing ,"r‘bﬁ"te sk e SB%‘E?’SE% lg{)ééllln{gﬂb hanged
W t hout departi ng fromthe scope and spirit of the invention. [0037]
As shown in FI @038, the magnetic recording medium 30 has a structure in
10whi ch soft magnetic layers 32, internediate |ayers 33, recording nagnetic
| ayers 34 havi nis shommgndiiGel 0, ¢bomdgmegicpecarding nB4izum 30 hapa SrEdeye il ns 35
are sequentially forned .
10  which soft magnetic layers 32, intermediate layers 33, recording magnetic layers 34
having a magnetic recording pattern 34a, and protective films 35 are sequentially formed
on both surfaces of a non-magnetic substrate 31 and a lubricant film 36 is formed on the
outer surface. In addition, a magnetic layer 37 is formed by the soft magnetic layer 32,
the intermediate layer 33, and the recording magnetic layer 34. FIG. 10 shows only one
15  surface of the non-magnetic substrate 31.
[0038]
As the non-magnetic substrate 31, for example, the following various substrates
may be used: an Al alloy substrate including Al as a main component, such as an Al-Mg
alloy substrate; a glass substrate made of. for example, soda glass, aluminosilicate-based
20  glass, or crystallized glass; a silicon substrate; a titanium substrate; a ceramic substrate;
and a resin substrate. Among them, it is preferable to use the Al alloy substrate, the
glass substrate, or the silicon substrate. The average surface roughness (Ra) of the
non-magnetic substrate 31 is preferably less than or equal to than 1 nm, more preferably

less than or equal to than 0.5 nm, and most preferably less than or equal to than 0.1 nm.

25  [0039]



on both surfaces of a non-magnetic substrate 31 and a lubricant film36 is
“forned on the outer surface. In addition, a magnetic layer 37 is formed by
the soft magnetic |ayer 32, the internediate | ayer 33, and the
recordi ng magnetic layer 34. FIG 10 shows only one 15surface of the

non- magneti ¢ substrate 31. [0038] As the non-magnetic substrate 31,
for exanple, the foll ow ng various sub¥ r at es may be used: an Al all oy

et are. " not e B RudteTEL . SRR sy iRl SRt o

substrate; a g _

al um nosi |l i cate-based 20gl ass,.  or crystallized glass; a.sjligon.substrate,;
a titani undgngts fluxycempanedits Which ats geogr Pf?é’,y tﬁ?\&”&"&é@eﬁg%@gtﬁrﬁ;t&n Anong
them it is preferable to use the Al alloy substrate, the gl ass substrate,
or the sipermndicalapss thatserfacend thesubsigate and staenely By ghenaagneirgonglirecien

non- magneti c substrate 31 is preferably less than or equal to than 1 nm

nor e pr ef graaftrpendRatar igRetir lageruml witioh infamalioh inrecomied torthstdineetedner abl y | ess
than or equal to than 0.1 nm 25[0039] 16 The soft nmgnetic |layer 32 is

provi ded j i, Qkid&lar kOtHeHoh SRS el SubdHERET IPparflBERE i€ opdratiorcioMpnceables whi ch
are generated by the magnetic head in the direction perpendicular to the

surface of, the {2k i i i tion of a
per pendi c‘i‘j]i]%{]r 4 “&3’5%“% géﬁ%af?ggerg%r{o\?\ﬂ?%ﬁeédﬁ 1(I)1 P Eiﬁég%@ iﬁgé lflgécdg ?gg gé({ %gt he

di rection 5perpendi cul ar to the non-nmagnetic substrate. In particular, this
oper at i onfeFI Mt é%‘HP@“W‘?Bn a nmonopol e head for perpendicul ar recording is
used as the magnetic head for recordi ng and reproduction. [0040] The soft
magnetic | ayer [894%ay be nmde of a soft magnetic material, such as Fe,

The soft magnetic layer 32 may be made of a soft magnetic material, such as Fe,
10  Ni, or Co. Examples of the soft magnetic material may include a CoFe-based alloy (for
example, CoFeTaZr or CoFeZrNb), a FeCo-based alloy (for example, FeCo or FeCoV), a
FeNi-based atloy (for example, FeNi, FeNiMo, FeNiCr, or FeNiSi), a FeAl-based alloy
(for example, FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu, or FeAlO), a FeCr-based alloy (for
example, FeCr, FeCrTi, or FeCrCu), a FeTa-based alloy (for example, FeTa, FeTaC, or
15  FeTaN), a FeMg-based alloy (for example, FeMgO), a FeZr-based alloy (for example,
FeZiN), a FeC-based alloy, a FeN-based alloy, a FeSi-based alloy, a FeP-based alloy, a
FeNb-based alloy, a FeHf-based alloy, and a FeB-based alloy.
[0041]
The intermediate layer 33 can reduce the size of crystal grains in the magnetic
20  layer to improve recording and reproduction characteristics.

It is preferable that the material forming the intermediate layer 33 have an hep
structure, an fcc structure, or an amorphous structure.  In particular, it is preferable to
use a Ru-based alloy, a Ni-based alloy, a Co-based alloy, a Pt-based alloy, or a Cu-based
alloy, and a multi-layer structure of these alloys may be used. For example, it 1s

25  preferable to use a multi-layer structure of the Ni-based alloy and the Ru-based alloy, a



10 Ni, or Co. Exanples of the soft nmagnetic material may include a
"CoFe-based alloy (for exanple, CoFeTaZr or CoFeZrNb), a FeCo-based all oy
(for exanple, FeCo or FeCoV), a FeN -based alloy (for exanple, FeN,

FeNi Mo, FeNiCr, or FeNi Si), a FeAl -based alloy (for exanple, FeA, FeA Si,
FeAl Si Cr, FeAl SiTi Ru, or FeAlO), a FeCr-based alloy (for exanple, FeCr.
FeCrTi, or FeCrCu), a FeTa-based aIon”(for exanpl e, FeTa, FeTaC, or 15
FeTaN), a FeMy- based all far e | e,. . Fe aFeZr -hased. oy (for
exanpl e, TREBFIRYyCTS u%@@ﬁﬁ%ﬁ"%aﬁ%@@ alagl{pebgg’g%seglqll8§/’,an§ aéé%ﬁjlf%gésred al | oy,
a FeP-based all on a FeNb- based al l.oy, a Fer-basgd @%I OI?EI:, and a FeB-based
al | oy. [ otmgure of the Pt-based aitpy angthe Rtisbassd allpwfrem thasubsiaeduce t he size of
crystal grains in the nmagnetic 20l ayer to inprove recording and -
reproduction cHab4djteri stics. It is preferable that the materi al
formng the internediate | ayer 33 have an hcp structure, an fcc structure,

or an afTDrphOUS?cﬁTekatﬁglu,r i is profepebld thatdtdeast oe kiad pf mheriabdetected fome aa
Ru- based all oy, a N -based alloy, a Co-based alloy, a Pt-based alloy, or a

Cu- based @iy, adi T8 fidh! 4 N Sfioys bNIGE WIS, ANIZPSIRS), aINiMSalldRyaddea Used.

For exanple, 1t"1s 2bpreferable to use a milti-layer structure of the ,
N - based Q : . Rul- b g Ny tr iBopf the
Co- based Sfeciodatbidle fapates vy GINi & ubd aHienThRUEG, | HilifoR |12
Pt - based all oy and. the Ry-based alloy fromthe substrate. 0 or

exanpl e, §pon- aﬁ?%\“"é?%?ﬁﬁ% “P‘ﬁ‘é‘?m%i‘“ lp@%gpe BE'é”q(?rﬂaorSfotfﬁﬁtngg%réﬁ’ B‘E’t ed from
a SNNiWalloy, a NTa alloy, a NNNo alloy, a NiTi alloy, a N Zr alloy, a

Ni Mh al | ofa, Gingluding Feat¥ to®p attcafiimay Bussdos ndhoeasg. dbigprefgrable thileq as
the Ni-based alloy. In addition, a non-magnetic material including at |east
one or tviheeontentraf NifbeSo thetandé of 3 at%dHb,96Nb% stahatahd effdctidf thg iBgrmagdiate o 96
at% of NN nmay be used. In this case, it is preferable that the content of

Ni beig n fabe 3300 a@inhindd aid MetiMeRfedidtddBor 3Nabestdoehslcimagnetémt he
intermedi ate 10l ayer 33 is maintained and the internediate | ayer 33 does

not have magnetliow%]] [ 0043] In the case of a nulti-layer structure,
the thickness of the internediate |layer 33 is preferably in the range of 5

RESIRIRICN EE E T RTT  S T R
preferably in the range of 5 nm to 40 nm and more preferably in the range of 8 nm to 30
nm. When the thickness of the intermediate layer 33 is within the above-mentioned

15  range, in particular, the perpendicular orientation of the soft magnetic layer is
significantly improved, and it is possible to reduce the distance between the magnetic
head and the soft magnetic layer. Therefore, it is possible to improve recording and
reproduction characteristics without reducing the resolution of a reproduction signal.

[0044]

20 The recording magnetic layer 34 may be a horizontal magnetic layer for an
in-plane magnetic recording medium or a perpendicular magnetic layer for a
perpendicular magnetic recording medium. However, it is preferable that the recording
magnetic layer 34 be a perpendicular magnetic layer in order to improve recording
density.

25 . It is preferable that the recording magnetic layer 34 be made of an alloy



15range, in particular, the perpendicular orientation of the soft nagnetic
‘layet is significantly inproved, and it is possible to reduce the distance
bet ween the magnetic head and the soft magnetic |ayer. Therefore, it is
possi ble to inprove recordi ng and reproduction characteristics w thout
reduci ng the resolution of a reproductjon signal. [0044] 20The recording
magnetic | ayer 34 nay be a hori zont al Hﬁgnetic | ayer for an in-plane

magnetic recording medi um or a perpendi cul ar, magnetic |ayer  for

- per pendi cfifiy mﬁé&@ﬁ fBaWeCSH}P&Pﬂﬁ- rTE?ﬁ Wp,l_%\}\%q,rgggr%ﬂc T?‘%ﬁ‘é%aé@%%‘?renay hat the
recording nmagnetic | ayer. 34 be a perpendicul ar ic layer.in order. to

i mprove ﬂ@ca)magrﬁgwdemmay.e oﬁgploqrgt-lgﬂsgq E’la%'lag a rBEE%ﬂIQasfeQ i Lifagnet i ¢

| ayer 34 be made of an alloy 18 including Co as a main conponent. For
exanpl e, EhErPtErbasdil mptersadeta roagnatie kay8rwithy dranudarsergeiers madegfcr made of a

CoCr Pt - based material, a CoCrPtB-based material, or a CoCrPtTa-based

mat eri al , m@fure oI taterlaBysdid anioxkieasi@han §li@s orstn0et ure made of a m xture
of these materials and an oxide, such as Si02 or Cr203. 5[0045] In
the case of thgopggpendi cul ar magnetic recording nedium a lanminate of the
soft magnetic layer 32 nade of, for exanple, a soft magnetic FeCo all oy

(for oxampl o, AOTORFeE OEBpsepengiant meBBHRas Aol EHRE) Shing@ol G, 0 )
bcor a no-hemHotE Tl M hENE winelegaR e LRI gL 1
e bt oot B RSk mS e bl o
t he soft maghet ic |layer 3’2 ana t hé i nt e’r medi ate | ayer 33. [0046] 15In the
case of tPheTaNepFel€)mgn@s alboy Eooaxdimple, GedrdmColrNBrdDN@oB), dic a
10  intermediate layer 33 made of, for example, Ru, and the recording magnetic layer 34
made of a 60Co-15Cr-15Pt alloy or a 70Co-5Cr-15Pt-10SiO, alloy may be used. In
addition, an orientation control film made of, for example, Pt, Pd, NiCr, or NiFeCr may
be formed between the soft magnetic layer 32 and the intermediate layef 33.
[0046]
15_ | In the case of the in-plane magnetic recording medium, a laminate of a
non-magnetic CrMo underlying layer and a ferromagnetic CoCrPtTa magnetic layer may
be used as the magnetic layer 37.
[0047]
The thickness of the recording magnetic layer 34 is equal to or more than 3 nm
20  and less than or equal to than 20 nm and preferably equal to or more than 5 nm and less
than or equal to than 15 nm. The recording magnetic layer 34 may be formed such that
sufficient head input and output are obtained according to the kind of magnetic alloy
used and the laminated structure. In general, during reproduction, the thickness of the

recording magnetic layer 34 needs to be equal to or more than a predetermined value in

25  order to obtain an output equal to or more than a predetermined value, and various '



non- magneti ¢ CrMo underlying | ayer and a ferromagnetic CoCr Pt Ta nagnetic
‘layet may be used as the nmagnetic |ayer 37. [0047] The thickness of the
recording magnetic layer 34 is equal to or nore than 3 nm 20 and | ess than
or equal to than 20 nm and preferably equal to or nore than 5 nm and | ess
than or equal to than 15 nm The recording nmagnetic | ayer 34 may be forned
such that sufficient head input and oui%ut are obtained according to the

ki nd of magnet.ic 0 ed and the ted, str e during
Fepr oduct FERmeEangrgng BE ecBRfnd A eBBRI G RIS daey%mf%ﬁ e, Lo be
equal to or nore than a predeterm ned val ue |n 250rder to obtain an output

equal to BFreaEia haQipy- prﬂ?ﬁ@f%? he Buckpsss @ the prgosding magnetiedayss ddnet er s

i ndicating the recording and reproduction characteristics deteriorate wth
an i ncr easeds to bawet muanpeptimdl Neluef olmegentcta thhimagmasicdays 37 heformed psia Hyn
magnetic | ayer 34 needs to be set to an optinmal value. In general, the
magneti ¢ fimyBy a3putteding@idksi.as a thin filmby a sputtering method. 5[ 0048]
It is preferable that the recording magnetic |ayer 34 with the granul ar
structsure incl %@4 t least Co and G as nagnetic grains and include one or
two or nore of Sl oxide, a C oxide, a Ti oxide, a Woxide, a Co oxide, a

la oxide, and A ﬁ‘br@f&a%?e by &go@ggmﬂﬁ{agﬁ%gtlw@ éﬂ&@%{%&ﬁomﬁh&s

Specifically, for ‘exanp

CoCr Pt- W , d de- W oxi d Cr Pt
oxi do- R Bl o %%aw%asgﬁ%gagtl%fwwag incli ek &Y PRI o, 5

oxi de may be used. [0049] The average grain dianeter of the magnetic
crystal gosifins Gi onde B igiieud 3 onidea e pxide 4 Ta pride.andgiRy gfidatidhe t han or
equal to 1 nmand less than or equal to 12 nm The total anobunt of oxide in
t he magneboundapybetween the efagnatinl graing t $yecifenatiy, fof exaimpdé, % EaCrPt-Si oxide, a

10  CoCrPt-Cr oxide, a CoCrPt-W oxide, a CoCrPt-Co oxide, a CoCrPt-Cr oxide-W oxide, a
CoCrPt-Cr oxide-Ru oxide, a CoRuPt-Cr oxide-Si oxide, and a CoCrPtRu-Cr oxide-Si
oxide may be used.

[0049]
The average grain diameter of the magnetic crystal grains with the granular

15  structure is preferably greater than or equal to 1 nm and less than or equal to 12 nm.

_ The total amount of oxide in the magnetic layer is preferably in the range of 3 mol% to
15 mol%. In addition, a layer made of a magnetic alloy including Co and Cr, preferably,
Pt may be given as an example of the magnetic layer without the granular structure.
[0050]

20 The magnetic recording medium 30 is a so-called discrete magnetic recording
medium in which the magnetic recording patterns 34a formed in the recording magnetic
layer 34 are magnetically separated by a region (for example, a region in which a |
coercive force is about 80% lower than that in a non-magnetic region or the recording
magnetic layer 34) 38 in which magnetic characteristics are modified.

25 [0051]



15 nol')/0. In addition, a |layer nmade of a magnetic alloy including Co and
"Cr, preferably, Pt may be given as an exanple of the nmagnetic |ayer w thout
the granular structure. [0050] 20The magnetic recording medium30 is a
so-cal l ed discrete magnetic recording nmediumin which the nagnetic
recording patterns 34a fornmed in the recording nmagnetic |ayer 34 are
magnetically separated by a region (f exanple, a region in which a

coercive force is about 80% | ower t.han that .i - ' ion or the
recordi ng magné® P@%F 13/ ENPreYy thﬁée(ioﬁé‘%Bﬁwﬂ%ﬁéhﬂé‘ﬁ%&%é‘%@%‘% %eg?lirdgg are

nodi fied. 25[0051] @20 In order to inprove the recordi qfnsity of
the di scraediuma@nbis prefesatde tiahtheyudihiad afgthe; agflgﬂcpﬁe@?réf%maé‘e"rr}%@ ®he wi dt h
Li of the magnetic recording pattern 34a be less than or equal to 200 nm
and t he Jedttharl @ euialtto@0fmeh ridettie madthd R Fahemodidied regiam 33 be agathiantd 100 nm
in the recording magnetic layer 34. In addition, it is preferable that the
5 track RiguehoR00anlihthe)ecofdind\@agmgiodayee 34 echr atiditipryitds pref@ablbhat dws t han
or equal to 300 nm It is preferable to mnimze the track pitch in order

to ingr Ovt?ackrb‘?t\%;?ggrﬂi%) gﬁﬁéinlﬁégnet[i@%_gﬂdiﬁuﬁe&hﬁltﬁ%é 6 thivk 6? @maly be nade

of a material h'is generally used in the 10 magnetic recording medi um
For exa . Lhe | e b@%q : PONRGEQWSnpBt eri al ,
such as carggh (]&‘,I)[i){Srl%gegérﬂééég)né¥de1‘g'\%§}r]g§%0k( )H%Fl(?{r rt'(glgng‘%gt ed gar bogg?CN)
anor phous carbon, or silicon carbide (SiC), Si02, Zr203, or TiN In

addi ti on,dqnﬁ’é}’-prot ective film35 may have a | am nated structure of two or
nore | ayers. Wien the thickness of the protective film35 is greater than
10 nm the dist[8A%Zd bet ween 15t he magnetic head and the magnetic |ayer 37
increases and it is difficult to obtain sufficient input and output

char act eri st i csThelpreteetivr £im 85 miag bpmedderodilaineaterivd twhti¢teistganerkihe useddn thehe
protective film 35 be less than 10 nm [0053]

10  magnetic recording medium. For example, the protective film 35 may be made of a

carbonaceous material, such as carbon (C), hycirogenated carbon (HXC), nitrogenated
carbon (CN), amorphous carbon, or silicon carbide (SiC), SiOz, Zr;0s, or TiN.  In
addition, the protective film 35 may have a laminated structure of two or more layers.
When the thickness of the protective film 35 is greater than 10 nm, the distance between
15  the magnetic head and the magnetic layer 37 increases and it is difficult to obtain
sufficient input and output characteristics. Therefore, it is preferable that the thickness
of thé protective film 335 be less than 10 nm.
[0053]
The lubricant film 36 may be formed by applying a lubricant made of a
20 fluorine-based material. such as perfluoropolyether, fluorinated alcohol, or ﬂuorinatéd
carboxylic acid, a hydrocarbon-based-lubricant, a lubricant made of a mixture of the
above-mentioned material onto the protective film 35. In general, the thickness of the
lubricant film 36 is in the range of about 1 nm to 4 nm.
[0054]

25 It is preferable that an unrefined lubricant for forming a lubricant be chemically



The lubricant film36 may be forned by applying a |ubricant nmade of a

“20f | Uori ne-based material, such as perfluoropol yether, fluorinated al cohol,
or fluorinated carboxylic acid, a hydrocarbon-based |ubricant, a | ubricant
made of a m xture of the above-nmentioned material onto the protective film
35. In general, the thickness of the lubricant film36 is in the range of
about 1 nmto 4 nm [0054] 25It is pre?lerabl e that an unrefined |ubricant

for formng,a | ybricant..be chem call 21 stabl d. ' [Cti d
| ow absorpotegd e BRY Ficionand fo: Atsafbarl, ahRe ol ekl bllsE ! D7 20
| ubricant, such as a perfluoropol yether-based |ubricant including a
conmpound fluor ClPJf eginthased) lgbfrl%‘ﬂg Islc}%l{)i‘ﬁeﬁfy P?ﬂPQF@PSIb’ Et?‘eﬁ'g%?ﬁgf‘ﬁgﬁéhtt‘ﬂﬁlﬁ ing 3

per fl uoropol yet her-based | ubricant, the follow ng lubricant nay be used:
one ki nd cofnppend Wwitbraqediyeopeyetherserdctutdr i cant ; a | ubri cant obt ai ned by
conbining a cyclic triphosphazene-based | ubricant and a

perfl uoropol yetfjhbggsibased | ubricant; or a lubricant obtained by conbining a
per fl uoropol yet her "conpound havi ng a phosphazene ring as an end group and a

per f | gor opol yetAiahe porRBHpdIyRME-Basc 1IiEaAK Yhe @OWMATbASNL BRpGegsalip.
[ 0056 Exanpl es of the lubricant include the conpound with the

e 0t RN BB SR ik PR 1 AR o202,
O R RE e s Bbebal B b Ppd b S BB B 2o =
havi ng the phosphazene ring as the end group is MORESCO P PHAROLA20H- 2000
(trade ndublicamanbipined by sambiningp erfiupropolyethee SRPAUNABIY BgraRNCSPNAZRRSRESCO) .
00571 ring as an end group and a perfluoropolyether compound having a hydroxyl group as an
10  end group.
[0056]
Examples of the lubricant include the compound with the perfluoropolyether
structure Fomblin Z-DOL and Fomblin Z-TETRAOL (trade name) manufactured by
Solvay Solexis, Inc. In addition, an example of the cyclic triphosphazene-based
15  lubricant is X-1p (trade name) manufactured by Dow Chemical Company. ~An example
of the perfluoropolyether compound having the phosphazene ring as the end group is
MORESCO PHOSPHAROLA20H-2000 (trade name) manufactured by Matsumura Oil
Research Corporation (MORESCO).
[0057]
20 The lubricant obtained in this way is dissolved by a solvent to obtain a coating
solution with (liquid lubricant) with a concentration suitable for a coating method. ~ As
the solution used here, for example, a fluorine-based solution is used, similarly to a
solvent for diluting the lubricant.
[0058]

25 Then, the coating solution obtained in this way is applied onto the protective



420The | ubricant obtained in this way is dissolved by a solvent to obtain a
coating solution with (liquid lubricant) with a concentration suitable for
a coating nethod. As the solution used here, for exanple, a fluorine-based
solution is used, simlarly to a solvent for diluting the lLubricant. [0058]
25Then, the coating solution obtained in this way is applied onto the
protective 22 film The application h%%cess is perfornmed by a dipping

t hod [ et hod [ - i ppi OF di
vonti oG oA iR Brocti aBap gD, FPRBeRRARIS 8 AEERL ke 7, "

coating solution (liquid lubricant L) into the dip.t 1 t.he di ppin
appar at ugisingithp Ainging aperrafs gaerriiagde lF“é‘tné‘oBﬁh%‘?E}fIggéh %QFCQSi n(F:)Ioudigng
the protective filmis formed into the dip tank 1, and draw n% up the -
non- magnetbatinguotiod el Ves pouting theiqeatingsolatica (liguigr vbréaast b weiths géed,
thereby formng a lubricant filmwth a uniformthickness on the surface of
the prot agil vef fieldippii afparaes) dippdiped nan-supsdticaubstraid@bhichGadialgyer i
recording and reproduci ng device) ~ Next, a magnetic recording and
reproféucgﬂauéﬁé't ot e fifn WiofiHed o iHR\@NMtanRN, arkd @aRirgas the! | be
dezcrl‘be L or exanple, as shown in FIG 11, the magnetic recording
and reproduc (Wl BT in i ' i i the
doécll(r)lgg}egg\éh& iaf%‘r ,tﬁé;dlh K1 %ﬁ?&%&@e@erhﬁné%ﬁ?%é(ﬁ%éréw fofBRmgtd

magnet| ¢ i cing edium 0 ot a Unit 51 that rotates the
magneti c recordi i , i ¢ head _
TR © eSS g, T U0 B el 0, LR {a g roor i

non-magnetic substrate.

[0059]
10 (Magnetic recording and reproducing device)
Next, a magnetic recording and reproducing device (HDD) to which the
invention is applied will be described.
For example, as shown in FIG. 11, the magnetic recording and reproducing
device to which the invention is applied includes the magnetic recording medium 30, a
15  rotating unit 51 that rotates the magnetic recording medium 30, a magnetic head 52 that
performs a recording operation and a reproducing operation on the magnetic recording
medium 30, a head driving unit 53 that moves the magnetic head 52 in the diametric
direction of the magnetic recording medium 30,.and a recording and reproduction signal
processing system 54 that inputs a signal to the magnetic head 52 and reproduces a signal
20  output from the magnetic head 52.
[0060]
In the magnetic recording and reproducing device, since the discrete track
.magnetic recording medium 30 is used, writing blur does not occur when magnetic
recording is performed on the magnetic recording medium 30 and it is possible to obtain

25 high surface recording density. That is, the use of the magnetic recording medium 30



medi um. 30, a head driving unit 53 that noves the nmagnetic head 52 in the
‘“dianmetric direction of the magnetic recording nedium 30, and a recording
and reproduction signal processing systemb54 that inputs a signal to the
magneti ¢ head 52 and reproduces a signal 20 output fromthe magnetic head
52. [0060] In the magnetic recording and reproduci ng device, since
the discrete track magnetic recording‘%%diun130 is used, witing blur does

not occur en magpetic recordi LS _perf . i.crrecording
rodi um onaitanResTae e Suet Begectisrdrfiiaat SR e IRaNG Ak 320 D
That is, the use of the magnetic recordi ng nedium 30, 23 kes it possible
to form deepagingdersivvecdn therglatdfrt é!b?réﬂht@iellf&“%_%;p@e‘nm’?qqe g?@h recordi ng
density. In the related art, in order to elinmnate the influence of a
magnet i zahagnetizatandiansition regydrowhiskhis @h edge portien gbthsdrack.ghe widthpther ack, the
wi dth of the reproducing head is |less than that of the recordi ng head.

However, Buéifg heRL leds AgnThdtac ke rofortling headneowevee,cohali thg revedlingn 30 are
magnetically discretely processed, the reproducing head and the recording

head may i iEmSAIE 3 A hasnelicane datRtely Procbisedwhy, it is
possi gﬁe tﬁkggfgﬂg?\ﬁ%ﬁgﬂﬁﬁe@éﬁ%n reproduction oht put ande %Brhi gr? SNR. [ 0061]

e, FEBEHEID it TR ool 2 G ey 7,

head, it T8 nt signal intensity even at high

recordi ng densit nd thus achieve magnetd c recor di and repr i ng
devi ce w STHE-ghNBIESYaY; Hds B‘&ﬁ@f%‘y.o%F%“ ga‘ﬂfigdtcfe&i]fepW@ﬁH&hgﬁﬁ’étg%gtaﬁgé{ﬁead 52
floats in the range of 0.005 mto 0.020 itm which is lower than that in
the rel at®dRart, an output is inproved and a high SNR i s 150bt ai ned.
Therefore, it is possible to provide a magnetic recording and reproduci ng
device with hi do06Hpacity and high reliability. [0062]

10 When a reproducing unit of the magnetic head 52 is a GMR head or a TMR
head, it is possible to obtain sufficient signal intensity even at high recording density and
thus achieve a magnetic recording and reproducing device with high recording density.
In addition, when the magnetic head 52 floats in the range of 0.005 pm to0 0.020 pm,
which is lower than that in the related art, an output is improved and a high SNR is

15 obtained. Therefore, it is possible to provide a magnetic recording and reproducing
device with high capacity and high reliability.

[0062]
When a signal processing circuit using a maximum-likelihood decoding method
is combined, it is possible to further improve recording density. For example, a

20  sufficient SNR is obtainéd even when recording and reproduction are performed at a
track density of 100 ktracks/inch or more, a linear recording density of 1000 kbits/inch or
more, and a recording density of 100 Gbits/square inch.

[0063]

The invention can be widely applied to a magnetic recording medium including

25  magnetic recording patterns MP which are magnetically separated from each other.



When a signal processing circuit using a maxi numlikelihood decodi ng net hod
‘is conbined, it is possible to further inprove recording density. For
exanple, a 20 sufficient SNR is obtai ned even when recordi ng and
reproduction are performed at a track density of 100 ktracks/inch or nore,
a linear recording density of 1000 kbits/inch or nore, and a recording
density of 100 Ghits/square inch. [006%1 The i nvention can be

wi dely applied to magneti c recording medi um i ncl udi ng 25magneti c

recor di n?mlﬁ%%%ﬁwa&mwe%ﬂf ‘"ﬁé@#@'ﬁ?@éY'P§w§ee‘Bﬁ$r§$8(ﬁ&W%H$ ggtg dther. 24
Exanpl es of the magnetic recordi ng nmedi um havi ng the magnetic recording
patterns inglde él‘éc%lg‘-dd@ﬁp@ﬂd grediacinyduchaagaeticieepiding pateAE have EGHATYi ng
patterns have regularity for one bit, nedia in which nagnetic recording
patt erns far enabitangbalin whizh maznkticrapjngpatteragneairangee ooz tthekgshapeliaad

i ncluding servo signal patterns. Anong them it is preferable 5that the

i nvent i onmBenctidRédobding thediSiAcladink88rvaisihiabpAteig N etmeng theml Wigygrefeeableim i n
whi ch magne?i cally separated nmagnetic recording patterns are magnetic

recor di nggby @€ kiveAfibh 55N Ried k&R 3b-c AR BERSe fheRltEfecd@ird MBibifnYin hich

manuf act uri ng process. anpl es [ 0064] 10Next, the effect of the invention
is clarified by ex Sy dovention i Wey! : W ng
exanpi es, "eReSa SR RS L PSSR Bl 8L e e b fack e Y 1T
made wi thout departing fromthe scope and spirit of the invention. [0065]
( Manuf act $F¥ Yenalaghens i ‘l‘rgﬁrcfPéFﬂ%hfgfé‘d'l"‘HH')fa‘E@l“P% RFRFSS-exanpl e; first, a
vacuum chanber in which a HD gl ass substrate was set was evacuated to
1. 0x10- 5 Psampled ess in advance. The gl ass substrate used in this exanple
was nmade of crystallized gl ass having Li2Si 205, Al 203- K20, Al 203- K20,
MyO- P205, and J0868 ZnO as conponents and had an outside dianeter of 65 mMm
an inside dianeter of 20 mm a thickness of 0.8 mm and an average surface
roughfiess (Ra) Next, the effect of the invention is clarified by examples. The invention is not
limited to the following examples, but various modifications and changes to the -
invention can be made without departing from the scope and spirit of the invention.
[0065]
(Manufacture of magnetic recording medium)
15 In this example; first, a vacuum chamber in which a HD glass substrate was set
was evacuated to 1.0x107 Pa or less in advance. The glass substrate used in this
example was made of crystallized glass having Li,S1,05, AL,03-K>0, Al,03-K>0,
MgO-P,0s, and SbyO;-ZnO as components and had an outside diameter of 65 mm, an
inside diameter of 20 mm, a thickness of 0.8 mm, and an average surface roughness (Ra)
20 of2A
[0066]
Then, a FeCoB film with a thickness of 60 nm as a soft magnetic layer, a Ru
film with a thickness of 10 nm as an intermediate layer, a 70Co-5Cr-15Pt-10Si0O; alloy

film with a thickness of 15 nm as a recording magnetic layer, a 70Co-5Cr-15Pt alloy film

25  with athickness of 14 nm, and a CVD carbon film with a thickness of 5 nm as a



20 of 2 A [0066] Then, a FeCoB filmwith a thickness of 60 nmas a
“soft' magnetic layer, a Ru filmwith a thickness of 10 nmas an internediate
| ayer, a 70Co-5Cr-15Pt-10Si02 alloy filmwith a thickness of 15 nmas a
recordi ng magnetic layer, a 70Co-5Cr-15Pt alloy film25with a thickness of
14 nm and a CVD carbon filmwith a thickness of 5 nmas a 25 protective
filmwere sequentially forned on the quass substrate by a DC sputtering

met hod. [0067] (Exanmple 1 I anpl e 1, .a |ubri t .Jed onto the
magnet | o NREOHA G HEH ARy Drep i iy s BULIE0t A T uRBRHE  roa
Specificallﬁ, a coating solution in which a lubricant was dissolved in a
sol vent vagthegplied by a dip nethod using a di ppi ng apparatus, thereby
forming a lubricant filmwith a thickness of 1.5 nmon the surface of the
protective fil f0@d7]t he magnetic recording medi um 10[0068] As the dipping
apparatus, the sanme apparatus as the di pping apparatus according to the
inventiongsh@pre Hn FIGS. 1 to 4 was used. Specifically, a pair of
supporting plates with a length of 200 mm a thickness of 0.2 mMmm and a

hei ghts of 10 my,yeng R { aNG&skahDwRAFIEE bnioth&BaBn&icesoraingaRedither val  of 5
nm 25 magnetic recoP ing media 15were arranged I'n V-shape§ grooves forned

in the pair S )t | ' rval s.; : b Qdlostd ts wWith a
wath of BRI A prng! mefol Spctiffanl ook sAlfoFl
positions between the inner circunferential portions of the .magnetic
r ecor di ngVpilRAubTirant was dERobesAdn AGONER WS, appﬁe‘%ﬁ‘if“prolﬁ?mﬁgfl?‘fleggl'pﬂ‘& wer e
provi ded outside the pair of supporting plates so as to be arr %nged in
paral | el appatatss, fhgraby derming pdubricant s a thigkngse ob hf mppon thgisaripgerla | engt h
of 200 mm a thickness of 0.3 nm and a height of 6 nmand the gap between
t he baf f | the ptatmivafimtdfechesmpgeticiregrgghanedinms 3 nm | n addi tion, the upper
end of the baffle plate was di sposed bel ow t he upper end.of the supporting

10 [0068]

As the dipping apparatus, the same apparatus as the dipping apparatus according

to the invention shown in FIGS. 1 10 4 was used.  Specifically, a pair of supporting.

plates with a length of 200 mm, a thickness of 0.2 mfn, and a height of 10 mm were

arranged in parallel to each other at an interval of 5 mm, 25 magnetic recording media
15 were arranged in V-shaped grooves formed in the pair of supporting plates at intervals of

6.35 mm, and slits with a width of 0.3 mm and a depth of 0.5 mm were provided at the

contact positions between the inner circumferential portions of the magnetic recording

media and the supporting plates. In addition, baffle plates were provided outside the

pair of supporting plates so as to be arranged in parallel to the pair of supporting plates.
20  The baffle plate had a length of 200 mm, a thickness of 0.3 mm, and a height of 6 mm

and the gap between the baffle plate and the supporting plate was 3 mm. In addition,

the upper end of the baffle plate was disposed below the upper end of the supporting

plate and was 0.5 mm higher than the height of the liquid level when a liquid pool

formed in the gap between the inner circumferential portion of the magnetic recording

25  medium and the supporting plate was cut.



plate and was 0.5 nm hi gher than the height of the liquid | evel when a
‘liquid pool forned in the gap between the inner circunferential portion of
t he magnetic recordi ng 25medi um and the supporting plate was cut. 26

[ 0069] As the lubricant, Fonblin Z-TETRACL, which is a conpound
havi ng a perfiuoropol yether structure, was used. In addition, Vertrel XF
(trade nane) manufactured by Du Pont-M&sui Fluorochenicals Co., Ltd. was
used as a sol Vﬁnb for 5dissolving the lubricant. The concentration of the
lubricant in tH&Y%%ati ng solution was 0.3 nass% the draw ng-up speed of
t he magnetic recording nmediumwas 3 mms, and the thickness of a coated
filmwas 15 A ACb7Obricanpemblin ¢el BRRADILe Whychiis picompaind BaviRgE? exanpl e 1,
| ubri cant was applied onto a magnetic recordi ng nedium by the sane net hod
as that iperfixaopoigetherestmepire, Mrmtusédie IhatlditionpVatrel Xeétradstnamredvi ded in the
di ppi ng apparatus. [0071] (Evaluation of magnetic recording nedium 15The

t hi cknes s hdtined by IEPet-Nlsui Fulvrocheticdls Cos Laf. wabasstegnadolvent eor di ng
medi a according to anple 1 and Conparative exanple 2 nmanufactured as

e U A Al gl PSS I gy Ao
name) min(% ?r(l:e{[sg’%?ﬁle %¥a\\ﬁlrlté:ug%gge%rof§ﬁ)é’ Rl%ér?étfcqgcc;r}i‘{ngc‘wﬁedium was 3 mm/s, and
the thickness of a coated film was 15 A.
[0070]
(Comparative example 1)

10 In Comparative example 1, a lubricant was applied onto a magnetic recording
medium by the same method as that in Example 1 except that the baffle plate was not
provided in thé dipping apparatus.

[0071]

(Evaluation of magnetic recording medium)

15 The thickness distributions of the lubricant films of the magnetic recording
media according to Example 1 and Comparative example 2 manufactured as described
above were measured. The thickness distribution was measured by an optical surface
inspection device, for example, Candela 6100 (trade name) manufactured by
KLA-Tencor Corporation (U.S.).

20 [0072]

As a result, in the magnetic recording medium according to Comparative
example 1, stripes were observed which were formed in a linear shape from the contact
position with the supporting plate due to the uneven coating of the lubricant film. In
contrast, in the magnetic recording medium according to Example 1, no stripes caused by

25  the uneven coating of the lubricant film were observed. A variation in the thickness of



20[ 0072] As a result, in the magnetic recordi ng nedium according to
"Conparative exanple 1, stripes were observed which were forned in a |inear

shape fromthe contact position with the supporting plate due to the uneven
coating of the lubricant film hi contrast, in the magnetic recording

medi um according to Exanple 1, no strgfes caused by 25t he uneven coating of
t he Iubrlcant filmwere observed A vatiation in the thickness of 27 the

Iubrlcant m due..to . the stri. es obs | arat Y e 1 was 2
A" ndustht WTsBBIIEEBe 5 Fob5 SPeRRE Frivher i eanthl Sufl FR fo o
magneti c recording nedlun1nanufactur|ng S5appar atus whi ch di ps a di sk-shaped
magnet i ¢ IndesrialiApplicadliym with a central hole into a dip tank filled with a
liquid lubricant and draws up the magnetic recording nediumfromthe dip
tank, thereby f[0678]ng a |ubricant filmon the surface of the magnetic
recordi ng medium Reference Signs List 10[0074] 1: DI P TANK 2: HANGER

MECHANI SM 3 Igtyfs i NGV ChitbE &)B11a to 4 BaghbiRNCRIING mediim mafufadtRGQVE
PORTION 6: SLIT

5  apparatus which dips a disk-shaped magnetic recording medium with a central hole into a
dip tank filled with a liquid lubricant and draws up the magnetic recording medium from
the dip tank, thereby forming a lubricant film on the surface of the magnetic recording
medium.

Reference Signs List

10 [0074]

1: DIP TANK
' 2: HANGER MECHANISM

3: LIFTING MECHANISM
4a,4b: SUPPORTING PLATE

15 5: GROOVE PORTION
6: SLIT
7a,7b: BAFFLE PLATE
8: SUPPORTING POLE
9: NUT PORTION

20 10: LEAD SCREW
11: DRIVING MOTOR
30: MAGNETIC RECORDING MEDIUM
31: NON-MAGNETIC SUBSTRATE
32:_SOFTB&AGNETKZLAYER

25 33: INTERMEDIATE LAYER



7a, 7b: BAFFLE PLATE 8: SUPPORTI NG PCLE 9: NUT PORTI ON 2010: LEAD SCREW 11:
"DRI'VI NG MOTOR 30: MAGNETI C RECORDI NG MEDI UM 31: NON- MAGNETI C SUBSTRATE 32:
SOFT MAGNETI C LAYER 2533: | NTERVEDI ATE LAYER 28 34: RECORDI NG
MAGNETI C LAYER 34a: MAGNETI C RECORDI NG PATTERN 35: PROTECTI VE FI LM

36: LUBRI CATI ON FI LM 537: MAGNETI C LAYEé? 38: MADI FI ED REG ON

51: ROTATING UNI'T

34: RECORDING MAGNETIC LAYER
342 MAGNETIC RECORDING PATTERN
35: PROTECTIVE FILM
36: LUBRICATION FILM
5 37 MAGNETIC LAYER
38: MODIFIED REGION
51: ROTATING UNIT
52: MAGNETIC HEAD
53: HEAD DRIVING UNIT

10 54: RECORDING AND REPRODUCING SIGNAL PROCESSING SYSTEM



52: MAGNETI C HEAD 53: HEAD DRI VING UNI T 1054: RECORDI NG AND
REPRODUCI NG Sl GNAL PROCESSI NG SYSTEM 29 CLAIMS 1. A magnetic recording
medi um manuf acturing apparatus that dips a disk-shaped magnetic recording
mediumwi th a central hole into a dip tank filled with a 5 Iiquid |ubricant
and draws up the magnetic recording iumfromthe dip tank, thereby
formng a lubricant filmon a surface“sf the magnetic recordi ng nedi um
conprising: a hanger mechani smthat SIL‘?\I. erted into the central hole of

t he magnetic recordi ng nmedi um and supports the magnetic recording nmediumin
a suspended state; and a |ifting mechanismthat lifts and | owers one of the
hanger nechani smand the 10dip tank relative to the other, wherein the
hanger nechani smincludes a supporting plate including an upper end which
comes into contlacth magretiamedonding mediugsy rrBVEALTIAR apRAratiHHabgips Re magneti c
recording mediumand a baffle plate that is provided outside the supporting
pl ate so dgxk-dmapfiemagictiogemdrding pedainh elithtaccentrel wlpintr & dipgaph ftled witBan upper
end of the baffle plate is disposed bel ow the upper end of the supporting

2 i e o s o o o Akt e
forming a lubricant film on a surface of the magnetic recording medium, comprising:
a hanger mechanism that is inserted into the central hole of the magnetic
recording medium and supports the magnetic recording medium in a suspended state; and
a lifting mechanism that lifts and lowers one of the hanger mechanism and the
10  dip tank relative to the other,
wherein the hanger mechanism includes a supporting plate including an upper
end which comes into contact with an inner circumferential portion of the magnetic
recording medium and a baffle plate that is provided outside the supporting plate so as to
be arranged in parallel to the supporting plate,

15 an upper end of the baffle plate is disposed below the upper end of the
supporting plate such that a gap is formed between the upper end of the baffle plate and
the inner circumferential portion of the magnetic recording medium. and

the upper end of the baffle plate is higher than the héight of a liquid level when

liquid separation occurs in a liquid pool formed in a gap between the inner

20  circumferential portion of the magnetic recording medium and the supporting plate.

2. The magnetic recording medium manufacturing apparatus according to
Claim 1,
wherein the hanger mechanism includes a pair of supporting plates having upper

‘ends which come into contact with the inner circumferential portion of the magnetic

[\%]
(9]



t he upper end of the baffle plate is higher than the height of a liquid
‘l evel when liquid separation occurs in a liquid pool fornmed in a gap
bet ween the inner 20circunferential portion of the nagnetic recording
medi um and the supporting plate. 2. The magnetic recordi ng nmedi um
manuf acturi ng apparatus according to Caim1, 30 recording nediumand a
pair of baffle plates that are providéﬂ)outside the pair of supporting
pl ates so as . .to be.arranged. i rallel .to the supportin | at es.
g pasar b e Ballof;

3. The ndfriting mediypandg Paicg HRIESLALATP REP VAT UL ording to
5aim1l or 2, wherein a groove ;f(frtion to which the inner

ci r cunf ersHAPYTENE phasserds & be raangad Heparallsl do BIeHURRCTHRPISI s fitted is
provi ded at the upper end of the supporting plate. 4. The

magneti c recordi ng medi um manuf acturi.ng apparatus according to 100 ai m 3,
wherein a slit is vertically fornmed in the bottomof the groove portion of
the supporting 3l athe.magnetic recording Mediihemamghetiing agpacatal avgordig tom

manuf act uri ng apparatus according to 15Caim1 or 2, wherein the
hanger; megfgRiigmsupports a plurality of magnetic recording nedia arranged
ina line. ’ 6. A nethod of manufacturing a magnetic recording

medi um conpri sipg.... I RRI I Sk i bRGriRdi umwith a
central hole in Or%‘la%%Bﬁgﬂ%rﬁ?ﬂoéﬁ%ﬁﬁﬁqgnﬁ%%f{% t%?@%’ﬁ‘? V\/Fcn e inserting
a hanger nmechanisminto the central hole of .t he nmagnetic recordi ng nedi um
to supporPageHC Ferording mediwoy i diteg lﬁﬁﬁ’i"ﬂfﬁ‘]‘jiaﬁﬂﬁ ‘@Bgrp%ﬁo":&hesst@f’gr;tmg te.
taking out the magnetic recording nediumfromthe dip tank to forma

| ubricant 25filmon a surface of the magnetic recordi ng medi um

4. The magnetic recording medium manufacturing apparatus according to
10 Claim 3,
wherein a slit is vertically formed in the bottom of the groove portion of the

supporting plate.

5. The magnetic recording medium manufacturing apparatus according to
15 Claim 1 or 2,
wherein the hanger mechanism supports a plurality of magnetic recording media

arranged in a line.

6. A method of manufacturing a magnetic recording medium comprising:
20 dipping a disk-shaped magnetic reéording medium with a central hole into a dip
tank filled with a liquid lubricant while inserting a hanger mechanism into the central
hole of the magnetic recording medium to support the magnetic recording medium in a
suspended state; and
taking out the mag_netic recording medium from the dip tank to form a lubricant

25  film on a surface of the magnetic recording medium,



31 wherein the hanger nmechani smincludes a supporting plate including an
“upper end which cones into contact with an inner circunferential portion of
the magnetic recording nediumand a baffle plate that is provided outside
the supporting plate so as to be arranged in parallel to the supporting

pl ate, 5an upper end of the baffle plate is disposed bel ow the upper end of
the supporting plate such that a gap id formed between the upper end of the

baf f | | at the .i ' nf er.ent i al J s j
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than the height of a liquid |evel when |liquid ti ] l'i quid
pool T or 78d Wchuoagesy imfertaBA Wik an HET CRRPreARAIGR S ERVEREE of the

magneti c recordi ng medi um and the supporting plate. )
recording medium and a baffle plate that is provided outside the supporting plate so as to

be arranged in parallel to the supporting plate,

5 an upper end of the baffle plate is disposed below the upper end of the
supporting plate such that a gap is formed between the upper end of the baffle plate and
the inner circumferential portion of the magnetic recording medium, and

the upper end of the baffle plate is higher than the height of a liquid level when
liquid separation occurs in a liquid pool formed in a gap between the inner

10  circumferential portion of the magnetic recording medium and the supporting plate.



