1 DESCRIPTION Title of Invention MAGNETIC RECORDING MEDIUM MANUFACTURING
APPARATUS 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 10dip 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 magnrtic recording medium.
Priority is claimed on Japanese Patent ApplicBi$TNOF20004025997, filed February 8, 2010, the
content of which is incorporated herein by reference. 15 Background Art [0002] In recent years in
the field of maDietic recording media used in, for example, a hard disk drive (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 20various techiitjaestfionsmpparting the improvement in recording
density. For example, one of the key technologies is controlling sliding characteristics between a
magnetic head andAeNBafndticCedipdMG MEdMIRINOBOSNUFACTURING APPARATUS

5
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 drive (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
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type, in which a basic operation from the start to the stop of the magnetic head for the



For example, since a CSS (contact start stop) type, which is called a. Winchester type, in which a bask
operation from the start to the stop of the magnetic head for the magnetic recording medium is
performed 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 medium is inevitable. [00041
Therefore, tribology between the magnetic head and the magnetic recording medium is a critical

problem ang gffefis tedsnpiaymadriatastvertimdoimead ondarpgnesie el theanagnetic recording
medium have continued. In addition, abrasion resistance and sliding resistance on the surface of the

medium aredhaift faeters fomimprovieg thehehabiityief dheruageiic seterdingimediaad &0[0005]
As the protective film of the magnetic recording medium, films made of various materials have been
proposed. Hrwexeaicaccadoadfitnnkdibernroaialyltised, considering all factors including a

film-forming performance and durability In addition. for example, since the hardness, density, and
dynamic friction cogffici¢nt of the carbon 15film are directly reflected in the CSS characteristics or
corrosion resistance characteristics of the magnetic recording medium, they are very important. [0006]
Howe\er, when onlylibe fanetaeivedimbistpeeyvidednthen cucdliifyrnd the mggneticawediding medium
deteriorates. Therefore, a lubricant film is formed on the 20surface of the protective film. The lubricant
film has therfellowing maindainstidnenfandtidfont preventing afproecavipféntherpratective film of the
magnetic recording medium from being directly exposed to the air to improve the corrosion resistance
of the magmetimeecofiding Miediuagnatfumetiodiof predanting e drattoohtatt bdtween zbragagnetic head
slider and the protective film when the magnetic head slider incidentally 2comes into contact with a
data surfacesftiheeaghdtitingcosditag saeditim sarfdca fuliticti oredofirsigrificaintfaeteduding the frictional
force of the magnetic head slider when the magnetic head slider slides on the magnetic recording
medium. 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 1s 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 fitm when the magnetic head slider incidentally
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comes into contact with a data surface of the magnetic recording medium; and a function



[0007] The thickness of the lubricant film formed on the surface of the magnetic. recording
medium is strictly managed in the range of sub-nanometers. As a method of forming the lubrication
film, a so-called dipping method has been widely used which dips a magnetic recording medium in a
dip tank tilled with a liquid lubricant and draws up the magnetic recording medium from the dip tank,
thereby forming a lubricant film with a uniform thickn@ss on the surface of the magnetic recording

medium (foroexampiead@seeiRdibelthe i itigodiDRIREBLthOthiBr@aD ekl alfRtchiRiPgassing method is
used in terms of mass production and a plurality of magnetic recording media arranged in a line are

dipped into thedsigitank.and aresaeleetival/hiesessestdrdiationdishPatent. Literature 15[0008] [ TL 1]
JP-A-6-150307 Summary of Invention Technical Problem [00091 20However, in a lubrication film

coating method usingthejabove-mentioned dipping method, when the mawietic 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 Texelhefithesdigoiddulsicedt: doesiohfluctuate shhRdeas o imiatiyhen the level of

the liquid lubricant fluctuates, linear coating unevenness occurs in the thickness distribution 250f the
lubricarst filmdarrigd ancthersusfatetsf themagneticcreceediigupedivimetdrs.  As a method of
forming the lubrication film, a so-called dipping method has been widely used which
dips a magnetic recording medium in a dip tank filled with a liquid lubricant and draws
up the magnetic recording medium from the dip tank, thereby forming a lubricant film
with a uniform thickness on the surface of the magnetic recording medium (for example,

10 seePTL 1). In the dipping method, in general, a batch processing method 1s 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 processed.

Citation List
Patent Literature

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 1s drawn up from the dip tank, 1t
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.



[0010] Specifically, the magnetic recording medium dipped into the dip tank is supported in a
suspended state by a hanger which is inserted into the central hole of the magnetic recording medium.
When the hanger is drawn up from the dip tank filled with 5the liquid lubricant, the level of the liquid
lubricant varies (fluctuates). In particular, 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 distribpgipmof the lubricant film formed on the surface of the magnetic recording medium.
10100111 In the description of PTL I. in order to solve the above-mentioned problems, an

acute-angled edge isgesmesliat thekppetiendcofdhe: hangenvwhish comesindsmaantast with the inner
circumferential portion of the magnetic recording medium to prevent the occurrence of the liquid pool.

However, insthis qaseinvherpheilevehefihe liguid-lohibricantseedtib the edaeal Acsmakhiguid pool
formed at the edge is splashed and the level of the liquid lubricant fluctuates. As a result, unevenness

occurs in thenthiakne secoigiriputiatioh thewlsricanh filpefasnaedhonuih e suirface of the Magheaiia
recording medium. [0012] 20The invention has been made in view of the above-mentioned problems

and an gbjegiofithedinweition ddepedvitihalipad, néticctacoedisg (Mediumenanufaatticngrapparatus
capable of forming a lubricant film with a uniform thickness on the surface of a magnetic recording
medium. Solubientte Riogtem @HiShutriasderito laphikie ¢haelahject, dheuidventipatproridesttie
following means.

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 1s 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 1s splashed and the
level of the liquid lubricant fluctuates. As a result, unevenness occurs in the thickness
distribution of the fubricant film 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

23 [0013]



According to a first aspect of the invention, there is provided a magnetic recording medium
manufacturing apparatus that 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 a surface of the rqagnetic recording medium. The magnetic
recording medium manufacturing apparatus includes a hanger mechanism that is inserted into the

central hole of the magheticsecareinginediumn anRd SHPRRISHIQilRagRetia reRldingmedium in a
suspended state, and a lilting mechanism that lifts and lowers one of the hanger 10mechanism and the

dip tank relative to the @heho kbe Ranaspdveshapismdnetidasq sypRafieg Riaigireluding an upper
end which comes into contact with an inner circumferential portion of the magnetic recording medium

and a baffleplajeithahisdiavides eissidethgravnpotingdpate solashipaenasangert idrgaiallel to the
supporting plate. An upper end of the baffle plate is disposed below the upper end of the 15 supporting

plate such that¢agapisfounachbetivaarn thaippaer eneick theaaffipi plaecandahedaner @iramferential
portion of the magnetic recording medium. The upper end of the baffle plate is higher than the height

of a liquid lexelanhienrlicpidhse paydtionfaeaurs dpdiguidhpeshiosmes dmaugapbetiieesnthe inner
circumferential portion of the magnetic recording medium and the supporting plate. 70According to a
second aspeatfatthe ihyemijortinthendiagnetidirecordingmageitin randiagmbdg@apparatus according

to the first aspect, the hanger mechanism may include a pair of supporting plates having upper ends
which comernmaucantaciovwhdteuininetcies unhterentiat gomtiom ohibh & magneatimrechedingmmiediumk and
a pair of baffle plates that are provided outside the pair of supporting plates so as to be arranged in 7
:Sparallel to o sdipiponting platesoing madaonding forpdhisdiespeghed dhecondemti arediuthénmagnetic
recording medium manufacturing apparatus according to the first or second aspect, a groove portion to
which the insespeirdedsfiaterdial paftiop okthemagtietidifecordiogymnednenofisifittechgaay be provided at
the. upper end of the supporting plate. According to a fourth aspect of the invention, in the
magnetic reooschiagimegidrthendipufattuaiiatgyapp draktbaccdrtngatethenthihdraspactadskitamay be
vertically formed in the bottom of the groove portion of the supporting plate. According to a fifth
aspect of theunpeniigmlrcthe mdgpetiapecoringymneldicrmesanufactusirigratbpar atusraccording to any
one of the first to fourth aspects, the hanger 10mechanism may support a plurality of magnetic
recording mediaarfaayed poritine! 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 recordin

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 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 manufacturing apparatus according to the first aspect, the hanger mechanism
may include a pair of supporting plates having upper ends which come nto 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

]
W

parallel to the supporting plates.



According to a sixth aspect of the invention, a method of manufacturing a magnetic recording medium
is provided. The method includes dipping a disk-shaped magnetic recording 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 15recording medium to support the magnetic recording medium in a suspended
state, and drawing up the magnetic recording medium from the dm tank to form a lubricant film on a

surface of the magneticoraaardingimerivmcThethangenmechamsminekiteseosdippanisaguplate
including an upper end which comes into contact with an inner circumferential portion of the magnetic

recording megditmcantha Safflemlatedhatis 20provigedidside thsesupneding plattosa@s to be
arranged in parallel to the supporting plate. An upper end of the baffle plate is disposed below the

upper end ofHiehsuppeitng platesuehdhairagaprishfonmestbhetweadithenuppienendint dhadyaffle plate
and the inner circumferential portion of the magnetic eclording medium. The upper end of the baffle
plate is higher shan dbe heightppladiglLid ieyelpheniligpidiseparation occurs in a liquid pool formed in a
gap between the inner circumferential portion of the magnetic recording medium and the supporting
plate. Advantageous Effediscoblaventinrnsheold] s desarioediabovedgthe irvendiog, mdiemthe
magnetic recording medium is 5drawn up from the dip tank filled with the liquid lubricant, the baffle
plate call prevenificiotitatioppindtue liguiciieyebuwinichiod espsovheni thealebe veftikelliglsidrdabricant is cut
by the supporting plate. [0015] Therefore, according to the invention, it is possible to form a lubricant
film with  the bottom of the groove portion of the supporting plate.
According to a fifth aspect of the invention, in the magnetic recording medium
manufacturing apparatus according to any one of the first to fourth aspects, the hanger
10 mechanism may support a plurality of magnetic recording media arranged n a line.
According to a sixth aspect of the invention, a method of manufacturing a
magnetic recording medium is proVided. The method includes dipping a disk-shaped
magnetic recording 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
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 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
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 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

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



10a uniform thickness on the surface of the magietic recording medium while preventing the
occurrence of linear coating unevenness in the thickness distribution of the lub 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 hej/ght of a magnetic head arid has high abrasion
resistance and high environmental 15resistance. Brief Description of Drawings [0016] FIG.lisa

side view iflustrading atexample @taippitdappasatus according to the invention. 20FIG, L is a
cross-sectional view illustrating a hanger mechanism taken alone the lint X-X' of FIG. I. FIG.3is a

plan view illugtrating & Raifrpastianefdhednanger mechanism shown in FIG. |, as viewed from the
upper side. FIG. 4 is a cross-sectional view illustrating the hanger mechanism taken along
25the line Y-Y of FIG)(34] 8 FIG:. $ is a side view illustrating the simulation results obtained from
the comparison between the levels of a liquid lubricant when a magnetic recording medium is drawn
up from a dip tank and ¢horised state: befdie mlignidnaahds faemednkl(s récisdisidaadpmnillustrating
the simulation results obtained from the
5 drawn up from the dip tank filled with the liquid lubricant, the baffle plate can prevent
fluctuation in the liquid level which occurs when the level of the liquid Iubricant is cut by
the supporting plate.
[0015]
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 1s a side view illustrating an example of a dipping apparatus according to
the invention.
20 FIG. 2 1s a cross-sectional view illustrating a hanger mechanism taken along the
line X-X' of FIG. 1.
FIG. 3isa plan view illustrating a main portion of the hanger mechanism shown

in FIG. 1, as viewed from the upper side.

F1G. 4 1s a cross-sectional view illustrating the hanger mechanism taken along

o
h

the line Y-Y' of FIG. 3.



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 formed. FIG. 7 is a side view
illustratingthe 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. 10FIG. 8 is a characteristic diagram illustrating a simulation in which the height of the level
of the liquid lubricapt@viien thedmagnetituacordingasedilan i deawis optiiond thendipetank is measured.
Ea 9 is an enlarged characteristic diagram illustrating the vicinity of a liquid separation point in the
graph showoritp ki€or8o AoEE 1Dl s el crdsstspiti dnadi vaetwilhestratingran exampleofntisumagnetic
recording medium. FIG. 11 is a perspective view illustrating an example of a magnetic', recording
and reprodiscingnademicioDesdiptioh of Eshbedimseats FG[0027]quid peteintftecdexemplar)
embodiments of the invention will be described in detail with reference to the accompanying drawings.
(Magnetic recordingIfiedivm snanufactihing spratiatus))rlanamrestibseboididgiodiiim manufacturing
apparatus according to the invention is, for example, aso-called dipping apparatus which dips a
disk-shapedomparison 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 1s formed.
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. § 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 1s 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 illustrating an example of a magnetic recording
and reproducing device.
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

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



magnetic recording medium 100 with a central hoic 100a into a dip tank 1 filled with a liquid lubricant L
and draws up the magnetic recording medium 100 from the clip tank 1, thereby toming a lubricant film
on the. surface of the magnetic recording medium 100, as shown in FIG. 1. [0018] Specifically, as
shown in FIGS. 1,2, , and 4. the dipping apparatus i&cludes a hanger mechanism 2 which is inserted
into the central hole 100a of the magnetic recording' medium 100 and supports the magnetic recording

medium 10Q.ipaRuUseeRARd me&idie] eandvatlifiingrmechanism Binhicthipismic lofilers wite of the hanger
mechanism 2 and 10the dip tarilk 1 relative to the other. [0019] The hanger mechanism 2 includes a

pair of suppgtingplases: 4a.aadidhichareieided-Sa)iag teexiendinfpanatieldp eashlother in the
horizontal direction. A plurality of V-shaped groove portions 5 to which an inner circumferential portion

of the 15magnaticriesnrdind wpadinmie0ds fiiteddneasrang ethahaansiant ingenealisiat the. apper ends
of the pair of supporting plates 4a and 4b. In this way, a plurality of magnetic recording media 100 are
supported whilahgipgaranged in parallel in the longitudinal direction. In addition, the inner
circumferential portion of the magnetic recording medium 100 comes into contact with the groove
portions 5 and the aggietic recording 20medium 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 ggistesfibel liquiddubwisantllGhichstagnatds thetidipein thergrobverpditdons. and the
inner circumferential portion of the magnetic recording, r. edium 100 fitted to the groove portion 5 TO
the lower sid@@nehischanism 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 thedip 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 mner circumferential portion of the
15 magnetic recording medium 100 is fitted are arranged at constant intervals at the upper
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
medium 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 S 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

2
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magnetic recording medium 100 fitted to the groove portion 3 to the lower side and 18



10 formed in a linear shape (or a V-shape) with a width less than the thickness of the magnetic
recording medium 100 by cutting. [0021] The hanger mechanism 2 includes baffle plates 7a and
7b which are provided outside the pair of supporting plates 4a and 4b so as to extend in parallel to the
pair of supporting plates 4a and 4h. The pair or baffle plates 7a and 7b are provided outside the pair of
supporting plates 4a and 4h so as to extend in paraﬂgl to each other in the horizontal direction. The

upper endsfofifig Ratflamiatenafe and narslowetiham iheisRreReds bR SURRAHINg plates 4a

and 4b, and a gap S is formed between the upper 10ends of the baffle plates 7a. and 7b and the inner

circumferentiabRaitioacef dnexmameatie Ir@@ggdmmgdium 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 recpyding medium 100. [0022] 15The lifting mechanism 3 is not particularly limited as
long as it can dip the magnetic recording medium 100 Into the dip tank I filled with the liquid lubricant L

or draw up the mapelie reagrdingomediui IO iRnthe dipdenk dnarexamaierthe §ftimgi mechanism
3 includes a supporting pole 8 which supports the base ends of the supporting plates 4a and 4b and

the baffle ptatesdéairnshitoWithh pnei endiacoubparian & 20whigheisiattaeher teothe $dpRATting 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 Whepdhndriving motor Ub rotatespiie dead serpid07 dhe Suppasrinevigle Suisisared 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 suipafitingpplaies datandadin delativeatorthexdipdtankatall 2 5028 other in the

horizontal direction. The upper ends of the baffle plates 7a and 7b are lower than the

upper ends of the supporting plates 4a and 4b, and a gap S is formed between the upper

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]

it
n

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 1s 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.

|38
h

[0023]



11 In the dipping apparatus having the above-mentioned structure.,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, the
baffle plates 7a and 7b can reduce fluctuation in the liquid level which occurs when the level of the
liquid lubricant L is cut by the supponing plates 4a3 nd 4b. [0024] Specifically, FIGS. 5 to 7 show
the simulation results obtained from the compariso etween the states of the level of the liquid

lubricant L when the,dipping,arpasaivsindluding the:baiberpiatesdasandufi acternding to the invention
and a dipping 10apparatus without including the baffle plates 7a and 7b according to the related art

draw up the{RagRRticrerandingmadiun Hhomthadir tankbies2s] in thindipesimulation results
shown in FIGS. 5 t0 7, (a) shows a case in which the dipping apparatus according to the related art is

used and (k)-shaws &easaduvhieh thentadippingappraratds’aceartiogctoftherinvientiothis used. Each
of (a) and (h) is an enlarged view illustrating the vicinity of a contact position between the inner

circumferentighigqeien whiheonrenetieresording dnadiuiuiORamchihe suppobtingqlate dtanf0026]
In the dipping apparatus according to the related art, as shown in FIG. 5(a), 20when the magnetic
recording magdiwmd@Addipped 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 jmexiym 100. [0027] As shown in FIG. 6(a), when the contact position
between the upper end of the 25supporting plate 4a and the inner circumferential portion of the
magnetic recording Specifically, FIGS. 5 to 7 show the simulation results obtained from the
comparison between the states of the level of the liquid lubricant L when the dipping
apparatus including the baffle plates 7a and 7b according to the invention and a dipping
10 apparatus without including the baffle plates 7a and 7b according to the related art draw
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 retated art is used and (b) shows a case in which the
15  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

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

b2
Ly



12 medium 100 is higher than the level t of the liquid lubricant L. the level of the. liquid lubricant L
which is cut by the upper end of the supporting plate 4a moves downward while forming a liquid pool d'
in a gap S between the inner circumferential portion of the - =grit/tic recording medium 100 and the
supporting Mate 4a The liquid pool d' is generated Ry the surface tension of the liquid lubricant L and is
drawn to the level t of the liquid lubricant L which moves downward such that the thickness of the liquid

pool d is gradugiiyreducesidQ0281 s shawn isr S ia)  vremthe liquitdraelf'tis ¢ifu residual

liquid. z' forming 10the liquid pool d is drawn to the level t of the liquid lubricant L md moves up to the

level t of theyligiiddubriaank ks deng the inner seumierentpbrartigmefl hedpagnetitmkeserding medium

100. In this case, a fluctuation corresponding to the difference from the level t caused by the

movement afithie residhakligiciaiptr@ansmitedto thedaveld afibeciauid foriganid:ios s iesult, the
level t of the liquid lubricant L. fluctuates 15(varies). 1002]9.1 In contrast, in the dipping apparatus

according ton{hgnvenRtioniias shewm indbladdh) sihenitiepnagnetic Tasorging predium 100 dipped
into the liquid lubricant L in the dip tank | is drawn up from the dip tank i at a constant speed, the level t

of the liguid @8ietarieamnt thmaves denwswand alongiie sititaee oiiheimaghatic eeardingdnedium 100.
[0030] As shown in FIG. 6(b), when the contact position between the upper end of the supporting plate

4a and the ifigerddibtivatere stiakcparvensaf dhe waag pedicthecaidingomediusi thoQiggiaigber than the level
t of the liquid lubricant L. the level t of the liquid lubricant L which is cut by the, upper end of the
supporting pledéuvdismeiesdownward
[0028]
As shown in FIG. 7(a), when the liquid pool d' 1s cut, a residual liquid z' forming
10 the liquid pool d 1s 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 contraét, 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 mner circumferential portion of the magnetic recording
medium 100 s higher than the level t of the liquid fubricant L. the level t of the liquid

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



13 while forming a liquid pool d in a gap S between the inner circumferential portion of the magnetic
recording medium 100, the supporting plate 4a. and the baffle plate 7a. 'I'he liquid pool d is generated
by the surface tension of the liquid lubricant L and is drawn to the level t of the liquid lubricant moves
downward such that the thickness of the liquid poollgi is gradually reduced. [0031] As shown7(b), when
the liquid pool d is cut,a residual liquid z forming the’liquid pool d is drawn to the level t of the liquid

lubricant L apglipevesdp: tegihe fexeld of thejiguiddubricant innalang thedrmeiacisorntergntial portion
of the magnetic 10recording medium 100. In this case, the baffle plate 7a with the upper end slightly

higher than ghejenert Qreventsafluetueiiancoiesnondingda thenditiereatie:fptur the leliékt caused by
the movement of the residual liquid z from being transmitted to the level i of the liquid lubricant L. In

this way, it ispessihie desregueadustuationfvasiatiomrintheeléielid aftifiediquididbricanth twhen the
level t is cut. 15[0032] FIGS. 8 and 9 show the simulation results obtained from the measurement
of the heightrefithe! leveliefitheitiquidibubricantikchwhencthéodipping apgatiatthadcokdieg tof the. invention
and the dipping apparatus according to the related art draw up the magnetic recording medium 100
from the dipliquik Aod0033¢radudhytheisimilation, 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
ram, an inside diam@@y10f 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 into and. a height 7 mm and the slit 6 with a
width of 0.3 mm anchastepth of Bthif(was/htd roliged poothibicontact positbhdedvesmtheginner
circumferential portion of the magnetic recording medium and the supporting plate 4a (4b) In contrast,
for the dippitig &pparatoes @docdraimgteatiihéeimyentione Haradaysisanodehwamusednihidie Waslthe sane
as that in the dipping apparatus except that the gap between the supporting plate
t of the liquid lubricant 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 fubricant 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 the 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

[N
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mm-and a height 7 mm and the slit 6 with a width of 0.3 mm and a depth of 3 mm was



and the baffle plate was set to 2 mm and the gap S between the inner circumferential portion of the
magnetic recording medium 100 and the upper end of the baffle plate 7a (7b) was set to 0.58 mm In
addition. for the liquid lubricant, analysis was performed under conditions such that a surface tension
coefficient was a tenth of that of water, a contact angle was set to 600, and the level t was lowered at a
speed of 3 mm/s. [0034] As a result as shown in FIGS. 8 and 9, the dipping apparatus according

to the invengienigan seducecfiugiuationoraeatian)icthede welduafthenliguishitipricstithk_ when the level t
is cut, as compared to the dipping apparatus according to the related art FIG. 9 is an enlarged graph

illustrating thexsieinitycobailiquidesaparativmpeinbirthe gtaph 1 3showmirdig, {608k] As
described above, the dipping apparatus according to the invention can form a lubricant film with a
uniform thickipeaseamtaeasu tacerdiiheonagnetictiecordingameadimsdehiles prexewting linesatheoating
unevenness in the thickness distribution of the lubricant 20film formed on the surface of the magnetic

recording meeiunk 104k it hircuSenof she shpping apparhiusimakeditrpossitile topmanutaptare a magnetic
recording medium which is suitable for reducing the floating height of a magnetic head and has high
abrasidn resisfaheédifid higte eryisonméentahrasistangep [0086){Mafnaticcrecondimgrergdium) 1.5
Next, the detailed structure of the magnetic recording medium manufactured by the dipping apparatus
according tpongcmeéttiomudide descibvedhindietail (Simgalid spretecmbghttichrdterplinig fredium 30
shown in FIG. 10 as an example. The magnetic recording medium 30 exemplified in the following
description {§b) was set to 0.58 mm. In addition, for the liquid lubricant, analysis was performed
under conditions such that a surface tension coefficient was a tenth of that of water, a
contact angle was set to 60°, and the level t was lowered at a speed of 3 mm/s.
10 [0034]
As aresult, 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 compared to the dipping apparatus according to the related art.  FIG.
9 is an enlarged graph illustrating 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 of 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)



illustrative. A magnetic recording medium manufactured by the dipping apparatus according to the
invention is not necessarily limited to this structure, but may he appropriately changed without
departing front the scope and spirit of the invention. [00371 As shown in FIG. 10, the magnetic
recording medium 30 has a structure in 10which soft.mapieue layers 32 intermediate layers $3,
recording magnetic layers 34 having a matmetic recording pattern 34a, and protective films $5 are

sequentially formedvertothestttaressaianen-magnatiensubstaiaidik and atubiicaribcfiiadgyis formed
on h outer surface. In addition, a magnetic layer 37 is formed by the soft magnetic layer 32, the

intennediatg iayehad: asshthesecaiding magoeticdayen 34l BtGleiorsldvis dmiyl anmd Ssurface of the
non-magnetic substrate 31. [00381 As the non-magnetic substrate 31, for example,the following
various suhstjates maxnbecusesidanz A alloynstibshiate incRiding0Alsas axmaiplcomponent, such as an
Al-Mg alloy substrate; a glass substrate made of for example, soda glass, aluminosilicate-based
20glass, or crystallizad glaasta stbootisyhsttate) 4 GitariuniSabstrae;falevamidesabstrates and a resin
substrate. Among them, it is preferable to use the Al alloy substrate, the glass substrate, Or the silicon
substrate. Thesavekage surfagectaughoeksd Reyofithemorfaciagretic tabBpaiee3pigpreferably less
than or equal to than 1 run more preferably less than or equal to than 0.5 nm, and most preferably less
than or equaidorthantd.thamya038]is 16 Messtriagmetid kaydi Sriscprevidediaydrger to increase the
number of magnetic flux components which are generated by the mazienc, head iii the direction
perpendiculaptothiatsiyfaca gfthetbobstiaterang Strongly Soothemrdsgiatiobthsrmieasnsn
[0037]
As shown in FIG. 10, the magnetic recording medium 30 has a structure in
10 which soft magnetic layers 32, intermediate layers 33, recording magnetic layers 34
having a magnetic recording pattern 34a, and protective films 35 are sequentialty 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 3 1.
[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]



of a perpendicular magnetic layer on which information is recorded to the direction perpendicular to the
non-magnetic substrate. In particular, this operation is noticeable when a monopole head for
perpendicular recording is used as the magnetic head for recording and reproduction. [0040] The soft
magnetic layer 32 may be made of a soft magnetic {Tﬁaterial, such as Fe, 10 Ni, or Co. Examples of the
soft magnetic material may include a CoFe-based alloy (for example. CoFeTa 7r or CoFeZrNb), a
FeCo-based alloy (fof-exampienbeOa e BeGophadee Ni-baredatieyfar txampter 6ENii, FeNiMo,
FeNiCr, or FeNiSi), a FeAl-based alloy (for example. FeAl, FeAlSi, FeAlSiCr, FeAlSiTiku, or FeA10), a
FeCr-based @lley(fonexamplendneGrhreCGrtigaidaciGu)ihe ketachaseddalioy(idrexample. FeTa,
FeTaC, or FeTaN), a FeMg-based alloy (for example, FeMg0), a FeZr-based alloy (for example,
FeZrN). a heg-baged alleyihe heidiasetaloysteatcebidnased ality thefreithasadalldycatféeNb-based
alloy. a FeHf-based alloy., and a FeB-based [0041] The intermediate layer 33 can reduce the
size of crystal graipsniti thenmexelit: 2 layeotovinphavéorecaiding andregdrodhetiraharacteristics.

It is preferable that the material forming the intermediate layer 33 have an hop structure, an Ice
structuse orpempamiacphous thtruontiaagmaartabkargtt.is prefatablatotisepekuqrasetbatioshalNi-based
alloy, a Co-based alloy,a Pt-based alloy, or a Cu-based alloy, and a multi-layer structure of these
alloys may héxtisednBosexainple foigetpdididtitayecsnuctuoubdhesCos beastalbyadridithe Ru-based
alloy, and a multi-layer structure of the Pt-based alloy and the Ru-based alloy from the substrate.
[0042] Fanekamplé, rifsopeeferable that at least one kind of material selected from a NiW alloy, a
NiTa alloy, a NiNb alloy, a NiTi alloy, a NiZr alto). Nilvin alloy, and a NiFe alloy including 33 at% to 96
at% of Ni he used a9the]Ni-based alloy. In addition, a non-magnetic material including at least one or
two or more of Sc, Y, Ti, Zr Hf, Nb, Ta, C including 33 at% to 96 at% of Ni may he used. In this case, it
is preferable that th@lcosténtadiiibeayeti ranyd ofnedandn teofeTmencss thaetd sHdtadf the

intermediate 10layer 33 is maintained and the intennediate layer 33 does not have magnetism. [0043]
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 alloy (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

o,
hn

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 fce 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 is

L

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



In the case of a multi-layer structure, the thickness of the intermediate layer 33 is preferably in the
range of 5 rim to 40 nm and more preferably in the range of 8 run to 30 nm. When the thickness of the
intermediate layer 33 is within the above-mentioned 15range, 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 reprodyggtignsRaceaiefisics withoutyeducing thed esolulion et aneprosuction signal. [0044] )(,)The
recording magnetic layer34 may be a horizontal magnetic layer for an in-plane magnetic recording

medium or a-pependigldar magaeticlayen far  perpeaditulaf-omgnetiv seerrding medium. However,
it is preferable that the recording magnetic layer 34 be a perpendicular magnetic layer in order to

improve recording fensity. preferable that the recording magnetic layer 34 be made of an alloy 18
including Co as a main component For example, the recording magnetic layer 34 may be a magnetic

layer made of a CoyPéxhasgsd, matesialeeablo Grit hBrhased materidlarea £ odePtlatbased material,or
a magnetic layer with a granular structure made of a mixture of the:se. materials and an oxide, such as

Si02 or Cr2Q3v[edh]a NiTkn dheycassidfithd perpslidicilay raadiretiti secotdivtg migdivmda laminate of
the soft magnetic layer 32 made of, for example, a soft magnetic FeCo alloy (for example. FeCoB,
FeCoSiB, FeéCodioketaudB,eo3ileCo7dBE 4} adFelidcallayl @otlexditpledrdidaN dn kédiad), or a Co
alloy (for example, CoTa7r. CoZNB, or CoB), the 10intermediate layer 33 made of, for example, Ru,
and the ecardingmaageidtimkztyein B chatleoftd GOCod 5OwbERtraticyo6Sa, 20Ca-BCHISND.10Si02 alloy
may be used. In addition, an orientation control film made of, for example, Pt, Pd, NiCr, or NiFeCr may
be formed bBatwemnithineait migretis layern8 Nanch e intedmettidtesleseer 835 preferable that
the content of Ni be in the range of 33 at% to 96 at% so that the effect of the intermediate
10 layer 33 is maintained and the intermediate layer 33 does not have magnetism.
[0043]
In the case of a multi-layer structure, the thickness of the intermediate layer 33 is
preferably in the range of 5 nm to 40 nm and more preferably in the range of § 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.

I
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It is preferable that the recording magnetic layer 34 be made of an alloy:-



[0046] 1.5In the case of the in-plane magnetic recording medium, a. laminate of a non-magnetic CrlYlo
underlying layer and a ferromagnetic CoCrPtia magnetic layer may he used as the magnetic layer 37.
[0047] The thickness of the recording magnetic layer 34 is equal to or more than 3 mu 70and less than
or equal to than 20 nm and preferably equal to or mg)g)re than $ nm and less than or equal to than 15
nm. The recording magnetic layer 34 may he formed such that sufficient head input and output are

obtained aggerging:toshe kinchpf Magaatis:alleprseshand the laminriethstuaivnayin general, during
reproduction, the thickness of the recording magnetic layer 34 needs to be equal to or more than c

predeteixitined ualbgetc2a0sdaldes ebiainarreuRutieguatito araporethanadredetrulined value, and
various 19 parameters indicating the recording and reproduction characteristics deteriorate with ar

increase incthe autpub akberatareiathe: thiskassobihe vagordingunaghetclayeaddoreeds to be set to
an optimal value. In general, the magnetic: layer 37 is formed as a thin film by a sputtering method.

100481 It isrpredesaiehtRatihe-recorgingnoagneticdayersad, with tie; granular structure include at least
Co and Cr as magm_tic grains and include one or two or more of a Si
5 [0045]

In the case of the perpendicular magnetic recording medium, a laminate of the
soft magnetic layer 32 made of, for example, a soft magnetic FeCo alloy (for example,
FeCoB, FeCoSiB, FeCoZr, FeCoZrB, or FeCoZrBCu), a FeTa alloy (for example,
FeTaN or FeTaC), or a Co alloy (for example, CoTaZr, CoZrNB, or CoB), the

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-10S10; 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 layer 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 1s 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

2
|94

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



oxide, a Cr oxide, a Ti oxide, a W oxide, a Co oxide, a Ta oxide, and a Ru oxide at the boundary
between the magnetic grains. Specifically, for example, a CoCrPt-Si oxide, a 10CoCrPt-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 oxiq%-Si oxide may he used. [0049] The average grain
diameter of the magnetic crystal grains with the granular 1$structure is preferably greater than or equal

to 1 nm anddgssnthiarn aideuRldtthd Z.omtdhhertotahaniovibotexigednshe magneticclayer i preferably
in the range of 3 mol% to 1$ mol%. In addition, a layer made of a magnetic alloy including Co and Cr,

preferably, Ridgnayde givennatan exasipte, didhieichagneiiaiayecowitinouhtie graiwlar structure. [0050]
70The magnetic recording medium 30 is a so-called discrete magnetic reeording medium in which the
magnetic regeding patierns Bspfonaiediin therreeoetinhglmagneiid ddyecr3 asefonaghetieatiynseparated
by El region (for example, a region in which a coercive force is about 80% lower than that in a
non-magnetid repion putheineaoneding magnetic layer 34) 38 in which magnetic characteristics are
modified. [0051] In order to improve the recording density of the discrete magnetic recording
mediund 30, it is preféatdle that the width Li of the magnetic recording pattern 34a be less than or
equal to 200 nm and the width L2 of the modified region 38 be less than Or equal to 100 am in the
recording magnetic layep3fcrabladbliti o, itisndregenaiyectialfive rapktpitoh @hauki Zjroftiie magnetic
recording med. m 30 be less than or equal to
include at least Co and Cr as magnetic grains and include one or two or more of a Si
oxide, a Cr oxide, a Ti oxide, a W oxide, a Co oxide, a Ta oxide, and a Ru oxide at the
boundary between the magnetic grains.  Specifically, for example, a CoCrPt-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.

)
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[0051]



300 nm. It is preferable to minimize the track pitch in order to improve the recording density. [0052]
The protective film 35 may he made of a material which is generally used in the 10magnetic recording
medium. For example, the protective film 35 may he made of a carbonaceous material, such as
carbon (C), hydrogenated carbon (HXC), nitrogen carbon (CN) amorphous carbon, or silicon
carbide (SiC), Si02, Zr203, or TiN. In addition, the protective film 35 may have a laminated structure of

two or more layers. \WbheRtheithiskne sscat thedproteative titfmh3aiiscateaterdtian 1@ aninthe distance
between 15the. mauretic head and the magnetic layer 37 increases and it is difficult to obtain sufficient

input and outRdhicharmatetistigsrabnereiore: widtprefesakite thatitbécthickniss pitthe protéetive film 35
be less than 10 nm. [0053] The lubricant film 36 maybe formed by applying a lubricant made of a
20fluorine-biase chanatetighasuchiampesfluonepolygtherfldarinatéticalcofiol 08 fhedriaten carboxylic
acid, a hydrocarbon-based lubricant, a lubricant made of a mixture of the above-mentioned material
onto the profgetive filoo 8m. intgenerald therthickaieskodrtRé. lubriedditfim Bésipriefthdiatigetbé about 1
nm to 4 mn. [0054 It is preferable that an unrefined lubricant for forming a lubricant be chemically 21
5 track pitch P (= L1+L2) of the magnetic recording medium 30 be less than or equal to
300 nm. It is preferable to minimize the track pitch in order to improve the recording
density.
[0052]
The protective film 35 may be made of a material which is generally used in the
10 magnetic recording medium. For example, the protective film 35 may be made of a
carbonaceous material, such as carbon (C), hydrogenated carbon (HXC), nitrogenated
carbon (CN), amorphous carbon, or silicon carbide (SiC), Si0,, ZrOs, 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 the protective film 35 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 fluorinated
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



stable and have low friction and low absorbency. Specifically, it is preferable to use a
fluororesin-based lubricant, such as a perfluoropolyether-based lubricant including a compound with a
perfluoropolyether structure. [0055] As the perfluoropolyether-based lubricant, the following lubricant
may be used one kind of perfluoropolyether-basedJ7 bricant; a lubricant obtained by combining a cyclic
triphosphazene-hased lubricant and a perfluoropolyetber-based lubricant; or a lubricant obtained by

combining a.pRHILQIRQLBIGHEARPAUNE RaYING -RBPSPRAZERRING B s MRephidigraupand a
periluoropolyether compound having a hydroxyl group as an 10CD d group. [0056] Examples of

the lubricanginclyde ihacompenadwithithe Rediuampelyether HiisuierreatliZ-R@hand Poniblin

Z-TETRAOL (u-ade name) manufactured by Solvay Sol s, Inc. In addition, an example of the cyclic

triphosphaz&qgf,ggﬁgqv;l@ ng@@}dﬁagyml{&asqﬁ]a@me) manufactured by Dow Chemical Company. An
example of the perfluoropolyether compound having the phosphazene ring as the end group is

MORESCO PHOSRKAROLA20H-2000 (trade name) manufactured by Matsumura Oil Research
Corporation (MORESCO). [0057] 20The lubricant obtained in this way is dissolved by a solvent to

obtain g coating solutiarewithriilistdichlybieaniaithug concent ativsvauitdble femaceatingiméthod. As
the solution used here, for example, a fluorine-based solution is used, similarly ID a solvent for diluting
tile lubricant,{OQRR] Jihenitherceativsnsobiien biaiard inubiscwayisApplied ombthmprotective
cyclic triphosphazene-based lubricant and a perfluoropolyether-based lubricant; or a
lubricant obtained by combining a perfluoropolyether compound having a phosphazene
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 exampie
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]

b
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Then, the coating solution obtained in this way 1s applied onto the protective



22 film. The application process is performed by a dipping method (deep coating method) using the
dipping apparatus according to the invention shown in FIG. 1. The deep coating method involves
pouring the coating solution (liquid lubricant 1-) into the dip tank | of the dipping apparatus, dipping a
non-magnetic substrate on which each layer including the protective film is formed into the dip tank 1.
and drawing up the non-magnetic substrate 'from the dip tank 1 at a predetermined speed, thereby

forming a lyhricant-film with & yniferm dhickness-apdhe suriana OhibaRroteeHv@ film-aRciRed)

non-magnetic substrate. [0059] 10(Magnetic recording and reproducing device) Next, a magnetic

recording apd reprodusing dewican(ARD)awhichthelexestiandsarplied will beidesgsibed. For

example, as shown in FIG. 11, the magnetic recording and reproducing device to which the invention

is applied ingludes thenmnpgneliciarardingmedism Shadsrqtaiing UiHednthal rataies die magnetic

recording medium 30, a magnetic head 52 that performs a recording operation and a reproducing

operation opiie; HRGRENERCOEHISAME HMPIRE ot beashariving uhitad thatumenasdheamagnetic head
52 in the diametric direction of the magnetic recording medium 30, and a recording and reproduction

signal grocessing:sysieprSddhat Mpvis signalie the amagnetic headibvanduepteduces a signal 20
output from the maiet e head 52 [0060] In the magnetic recording and reproducing device, since

the discretersagkmaRnetihsaaarciog medimaaR is usedtitnabied dees natetsufonmnen magnetic
recording is performed on the magnetic recording medium 30 and it is possible to obtain 1):high
surface recoigingugemisityvilthauisifthe Wselafdhemagnetit.cecdrtingrotecivenfdth on the
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 obtan

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



makes it possible to form a magnetic recording and reproducing device with high recording density. In
the related art, in order to eliminate the influence of a magnetization transition region, which is an edge
portion of the track, the width of the reproducing head is less than that of the recording head. However,
when the recording tracks of the magnetic recording medium 30 are magnetically discretely
processed, the reproducing head and the recording‘ﬁead may have substantially the same width and

operate In thigiay. i sRessipleo.ohiaRAcHlicient/ GRIOHRIAR Auaul and AiieinSNR. 100611
10When a reproducing unit of the magnetic head 52 is a GMR head or a DAR head, it is possible to

obtain sufficient gignal RIRNSity exen-atbighresrdingdensiasdihisiashieve & magnetic recording
and reproducing device with high recording density. In addition, when the magnetic head 52 floats in

the range of Q005 UM LOZA NN WBICRIS: lowekthandhal-ibtherialatad iarihak Ruttis improved
and a high SNR is obtained. Therefore, it is possible to provide a magnetic recording and reproducing,
device with./higlh sapacityand highiehabilitys (R0R2brdindWeen a sighalprogassing eikeiitiuging a
maximum-likelihood decoding method is combined, it is possible to further improve recording density.
For examplgqa2Qsufficient-eitRis Rhiaingd @vemwhen iecordipgiantsteprodyetionate faerformed at a
track density of 100 ktracks/inch or more, a linear recording density of 1000 kbits/inch Or more™ and a
recording degsityidOAehissaae inehd 0088 hahavaniiveaiale widehhapplidddaia mapetic
recording medium including maenet orecording patterns MP which are magnetically separated from
each other.opxarmples alithemagnepssieserding wiedivatihdvingdhe doagnetiotpecardind patterns
include so-called patterned media in which magnetic recording patterns have regularity for one bit,
media in whisfrmagnetic recording patterns are arranged in a track shave, and magnetic recording
media including servo signal patterns. Among them, it is preferable that the invention be applied to a
so-called discrete mjgggetic recording medium in which magnetically separated magnetic recording
patterns are magnetic recording tracks and servo signal patterns in order to simplify a manufacturing
proces$s. Examples 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 to 0.020 um,

which is lower than that in the related art, an output is improved and a high SNR is

[
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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 obtained 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 mcluding

S
th

magnetierecording patterns MP which are magnetically separated from each other.



[0064] 10Next, the effect of the invention is clarified by examples. The invention is not limited to the
folio wing 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) 15In this examplecfirst,_a vacuum chambglr in which a HD glass substrate was set was
evacuated to 1.0x1 015 Pa or 1 s, n advance. The glass substrate used in this example was made of

crystallizedglass Ravingh b&heas: ARROSURO nAERZNKZR MR- RRehs e Sb@lBpdinéhas components

and had an outside diameter of 65 mm, an inside diameter of 20 mm, a thickness of 0.8 mm, and an

average suffpegiFouoRNRSSHARR2A0h2 s HORRR madhhan R&eGaBfimmithadhickness of 60 nin as

a soft magnetic layer, a ku film with a thickness of 10 nm as an intermediate layer, a

70Cos5Cr-15Pint G Qraliofilkmivith actickness - ofn b Briaras &decardingimagaetichayeraml
70C0-50-15P1 alloy with a thickness of 14 nm, and a CVD carbon film with a thickness of 5 um as a

25 protectivafiiprtivate seaentially fasmethopethe glass substiate byneoRClsputieiingdfeethad. [0067]
(Example 1)

5 that the invention be applied to a so-called discrete magnetic recording medium in which
magnetically separated magnetic recording patterns are magnetic recording tracks and
servo signal patterns in order to simplify a manufacturing process.

Examples
[0064]

10 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,Si,0s, AlyO3-K,0, AlO3-K,0,
MgO-P,0s, and SbrO5-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 of 2 A

[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-10510; alloy

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

o
(4]

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



In Example 1, a lubricantapplied onto the magnetic recording medium manufactured by the
above-mentioned method Specifically, a coating solution in which a lubricant was dissolved in a
solvent was applied by a dip method using a dipping apparatus, thereby forming a lubricant film with a
thickness of 1.5 urn on the surface of the protective Lllfﬂ of the magnetic recording medium. 1[0068]
As the dipping apparatus, the same apparatus as the- dlpplng apparatus according to the invention

shown in Fb@bﬁeé‘ﬁ%ﬁ%&&%%@q%ﬁ@dﬂ‘%@&fn@e@@ﬁ%é%@rstu%t%t% withrajengthof 200 mm, a
thickness of 0.7 mm, and a height of 10 mm were arranged in parallel to each other at an Interval of 5

mm, 25 magretigirecording media 15were 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 arid a depth of 0.5 mm were
provided at the contgggppsitions between the inner circumferential portions of the mametic recording
media and the supporting plates. In addition, baffle plates were provided outside the pair of supporting
plates so agrtedpgpasranged in parallel to the pair of supporting plates 20The 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

suppo#ring plate was 3:rampie additiericihe wpssnel afibaradile patervesdlispasedhelow the
upper end of the supporting plate and was 0,5 mm higher than the height of the liquid level when a

liquid pool faemetidnutbe gambeabuveemitiainner giscuoaferepdalpeftion obihadagnetidrecording
25,medium and the supporting plate was cut. [0069] As the lubricant, Fon* Z-TETRAOL, which is a
compound Wavingdubiicoropaiyéiiesiduatureivwas usedppladditiond v enteloX kigdeinpme)
manufactured by Du Pont-Mitsui Fluorochemicals Co., Ltd. was used as a solvent for dissolving the
lubricant. Thepaenaendiatidry obrifentubricerntanttfiencositing sobikiess was. O @rmassosifecdraiving-up
speed of the magnetic recording medium was 3 mm/s, arid the thickness of a coated film was 15 A.
[0070] the protective film of the magnetic recording medium.
10 [0068]
As the dipping apparatus, the same apparatus as the dipping apparatus according
to the invention shown in FIGS. 1 to 4 was used. Specifically, a pair of supporting
plates with a length of 200 mm, a thickness of 0.2 mm, 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 mum, 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

[
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~medium and the supporting plate was cut.



(Comparative example 1) 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 the dipping apparatus. [0071] (Evaluation of magnetic recording medium) The
thickness distributions of the lubricant films of the magnetic, recording media according to Example |
and Comparative example 2 manufactured as described above were measured. The thickness
distribution was MERRIK d by an optical surface inspection device, for example, Candela 61 00 (trade
name) manufactured by KLA-Tencor Corporation (U.S.). 20[0072] As a result, in the magnetic

recording medium accgrdingte.comparative example 1. sRes wersehsavadwwhich were formed in a
linear shape from the contact position with the supporting plate due to the uneven coating of the

lubricant f 'lgbﬂfmg%@?&mert%m@g@e\ngsrg%zfdlng medivm eeeesding tedaxample 1, no stripes
caused by 7.5the uneven coating of the lubricant film were observed. A variati.Qn in the thickness of 2

7 the lubricaptdilmceuede theustipes ahseved it kampas atl el ayampledodas 4 Ridetnthistrial
Applicability [00731 The invention can be applied to a maplerecording medium manufacturing

apparatus whish dista.diskshapedimagpetinfeeordinghnrait oawilh @ cesiralcholeinio wadip tank
filled with a liquid lubricant and draws up the mimetic recording medium from the dip tank, thereby

forming a lubgcanisBlimiandias sirface ek thermagnaticrecerdinignm edidinm RefeanagsSigids List
10[0074] 1: DIP TANK
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 the 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

o
(4]

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



HANGER MECHANISM 3 LIFTING MECHANISM 4a, 4b: SUPPORTING PLATE 5: GROOVE
PORTION c r*r JJ-,11 20 7a" 7b: BAFFLE PLATE 8: SUPPORTING POKE 9: NUT PORTION 10:
LEAD SCREW 11: DRIVING MOTOR 30: MAGNETIC RECORDING MEDIUM 31: NON-MAGNETIC
SUBSTRATE nn 3.' SOFT MAGNETIC LAYER INT,)E_/RMEDIATE LAYER

the lubricant film due to the stripes observed in Comparative example 1 was £2 A
Industrial Applicability

[0073]

The invention can be applied to a magnetic recording medium manufacturing

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: SOFT MAGNETIC LAYER

A
I
[FS)
(¢S]

INTERMEDIATE LAYER



28 34: RECORDING MAGNETIC LAYER 34a: MAGNETIC RECORDING PATTERN 35:
PROTECTIVE FILM 36: LUBRICATION FILM 37: MAGNETIC LAYER 38: MODIFIED REGION

51: ROTATING UNIT 52: MAGNETIC HEAD 53: HEAD DRIVING UNIT 1054: RECORDING
AND REPRODUCING SIGNAL PROCESSING SYSTEM 29MCSLLP CLAIMS 1. A magnetic
recording medium manufacturing apparatus that dip@% disk-shaped mapetie recording medium with a

central hole into a digstank fileshwithya R@M@]\I]lgtqrj@a@}@{}%ﬁraws up the magnetic recording medium
from tr_\e_ dip tank, thereby [brining a lubricant film on a surface of the magnetic recording medium,
comprising: 34a:  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



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 Iowg:-rs one of the hanger mechanism and the dip tank relative to the other, wherein the hanger
mechanlsm |_nclude_s a supporting plate including agylpper end which corfés5ikkd’ contact with an inner
cwcumfgrentlal portion of the magnetic recording medium and a baffle plate that is provided outside the
supporting plate so as to be arranged in paralleldo MigtSupporting 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 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 liquidgoeat-faroetip agiprbetaadacteingrpaotirctimfelipntial portion of the
magnetic rgcordlng medium and the supporting plate. 2. The. magnetic recording medium
manufacturing:apppeatus aeatrdiogrttrglaimiilimMas blRrdrbobr ity andeliank dnig &ypilr of baffle
plates that are provided outside the pair of supporting plates so as to be arranged in parallel to the
supporting plaieslubricatt Aedmagneti cevegding meedidmgmagilifer tirmg zpgarsaok. degiskding to
Claim 1or 2, wherein a groove portion to which the inner circumferential portion of the magnetic
recording nfedivinyis fittett dstpfiovided sttfaecuppbe enczoftihacupdioaimgPlite. 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 height of a liquid level when

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

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

2. The magnetic recording medium manufacturing apparatus according to
Clamm 1,

wherein the hanger mechanism includes a pair of supporting plates having upper

[N}
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ends which come into contact with the inner circumferential portion of the magnetic



4. The magnetic recording medium manufacturing apparatus according to 10Claim 3, whereinis
vertically formed in the bottom of the groove portion of the supporting plate. The magnetic recording
medium manufacturing apparatus according to 15Claim | or 2, wHéfeih tRe hanger mechanism
supports a plurality of magnetic recording media arranged in a line. 6. A method of manufacturing a
magnetic recording medium comprising. Odipping a disk-shaped magnetic recording medium with a

central hole-ipte ardim@nkniilied withiadiosiels Bricaniivhiie NekAiea suRangelrpeshanism into the

central hole of the magnetic recording medium to support the magnetie recording medium in a

suspended stgi@r@ndplates so 4aking:Qktthe-magnetindeasardinggpeditmpites. the dip tank to form a
lubricant 25film on a surface of the magnetlc recording medi MCSLLP 31 wherein the hanger

mechanism includes a supporting plate including an upper

-~

3. The magnetic recording medium manufacturing apparatus according to
5 Clam1 or2,
wherein a groove portion to which the inner circumferential portion of the

magnetic recording medium is fitted is provided at the upper end of the supporting plate.

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 Claim1 or2,
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 recording 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 magnetic recording medium from the dip tank to form a lubricant

25 film on a surface of the magnetic recording medium,



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 beloWiheldpper end of the
supporting plate such that a gap is formed between,the upper end of thc baffle plate and the inner
circumferential portion of the magnetic recording medium, and the upper end of the baffle plate is

higher than the heighf.of;a fiquighlevelybrmnligis sepatatian ecaurs e liguidipealferped in a. gap
between the inner 10circumferential portion of the magnetic recording medium and the supporting

plate. 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,

h

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.



