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FI ELD [ 0001] The present invention relates to a devj oduci ng
a magnetic recording medium and a nethod for producing a nwﬁﬁﬁmmHWE%@mrding
medi um the device and 10. nethod capaﬂle of formng a lub ane
on the surface of the disk-shaped J cordi ng nedi um haV¥°Hg" a
central hole by imrersing the nag&gggggﬁﬁﬁgﬁGing medrum i nto anm T mrersion
tank that has a liquid lubricant, and then raising the magnetic recording
medi um from t he i nmersi on tank. Priority is clainmed on Japanese
Pat ent Application No. 2010-014272, filed 15January 26, 2010, the content
of whi ch i s MhEbIHd FEORBRABUET N b NIEDENVEOE & OB RRKERGURIE: MRTGNIIOE] | n
recent years, inprovenent in recording density has been remarkable in the
20field of magnetic recordi ng REGGRDEGG MBEDNEMI di sk drives (HDD). In
recent years, the recording density has continuously increased at the
astonishing rate of about 1.5 tines per year. This inprovenent in the
recording density is supported by a variety of technol ogies. One of the key.

technol ogies is a control technof ngEgﬁggDcharacteristics bet ween a
magneti ¢ head and a magneti c recordi ng nedi um
[0001]

The present invention relates to a device for producing a magnetic recording
medium and a method for broducing a magnetic recording medium, the device and
10,  method capable of forming a lubricant membrane on the surface of the disk-shaped
magnetic recording medium having a central hple by immersing the magnetic recording
medium into an immersion tank that has a liquid lubricant, and then raising the magnetic
recording medium from the immersion tank.
Priority is claimed on Japanese Patent Application No. 2010-014272, filed

15 January 26, 2010, the content of which is incorporated herein by reference.

BACKGROUND ART
[0002]
In recent yearé, improvement in recording density has been remarkable in the
20  field of magnetic recording media used in hard disk drives (HDD). In recent years, the
recording density has continuously increased at the astonishing rate of about 1.5 times
per year.. This improvement in the recording density is supported by a variety of
technologies. lOne of the key technologies is a control technology of slide

characteristics between a magnetic head and a magnetic recording medium.

25 [0003]
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+25[0003] 1112 11 0L LL ML B2 For exanple, since a CSS (Contact,
Start, and Stop) type, called a Wnchester type, in which basic operations
of contact sliding - floating - contact sliding are perforned fromstart to
stop of a magnetic head has becone a main technol ogy of hard disk drives,
the contact sliding of the magnetic hedd on a nmgnetic recording medium -

5 t b i ded. [ 0004 For thi i ngt.pr.obl i th
{1 Dol ogy bt weldh SRR GSSACHNRel et Merk BhEra iy RUBERERas been

the main technical issue up to the present. Thus, efforts to inprove a
pr ot ect i VP 1P Wiienbasici epgrasiens oheqitact sliding + Hp@ings GoREASEEidNg e or di ng
10nedi um have continued, and abrasion resistance and slide resistance on
t he surf apefarmed fiwmstgm & stop pEa oragiety read hanbarometaheaimdeahnalogaef bérd

i mprovenent in reliability of the magnetic recording nedium [0005]

Prot ect i veisk apiedsstherdfitaet slidald (ufic MBpRiticalead b aiR@nelid RcoaR Hedigmmedi a
have 15been suggested. However, carbon filns have mainly been utilized from

the oweral g{@/\ﬁ@i yy of filmformation properties, durability, and the
i ke. Furtéf?gr t e({iéa'rdness, density, coefficient of kinetic friction, and

the |ike of the[oﬁ@{]bon films are significantly reflected on the CSS
characteristics or ‘corrosion resistance of magnetic recordi ng nedi a.

A ST N TR o
durability of the magnetic recording nedia is not sufficiently ensured
merely bya mgmtme@mginsmdé@mh@%bchmtm nheeingead issue PR By the arseitentihbhie i s
formed on the surface of the protective film The nmain roles of the
| ubr i cant effartsito amprove a protective film laminated on a magnetic film of a magnetic recording
10  medium have continued, and abrasion resistance and slide resistance on the surface of the .
magnetic recording medium are the main areas of improvement in reliability of the
magnetic recording medium.
[0005]
Protective layers made of various materiéls in magnetic recording media have -
15  been suggested. However, carbon films have mainly been utilized from the overall
viewpoint of film formation properties, durability, and the like. Further, the hardness,
density, coefficient of kinetic friction, and the like of the carbon films are significantly
reflected on the CSS characteristics or corrosion resistance of magnetic recording media.
Therefore, the hardness, density, coefficient of kinetic friction, and the like of the carbon
20  films are very important.
[0006]
However, the durability of the magnetic recording media is not sufficiently
ensured merely by forming the protective film. Therefore, a lubricant membrane is

formed on the surface of the protective film. The main roles of the lubricant membrane

25  are to prevent a protective film or the like of a magnetic recording medium from being in



+25are to prevent a protective filmor the like of a magnetic recording
mediumfrombeing in 3 direct contact with the atnosphere in order to

i nprove corrosion resistance, to prevent a magnetic head slider from com ng
into direct contact with the protective filmwhen the magnetic head slider
accidentally cones into contact with aJdata surface of the rragneti o

recor di o sl itk 306 R aBRRPhAE ARt MRS A RS AR GREAPE

magneti c ead Icrec [0007]

Here, the thicknes | ubri.cant nor ane for d on the surface of a
mgnet i ¢ PREITAMEG ST A SmPecte Brpch ARGyt O AENG A SR
Therefore, as a nmethod of formng a |ubricant nenbrane, a so-called dipping
met hod of magnesicieadysliden avpidanéal iyccomes dnte |Cﬂgta¢temtfunﬂatmsurf@m of theemagnetict ank
that has a liquid lubricant and then raising the nmagnetic recordi ng nmedi um
from t he ienording meditmnindsto cohsitierabllyubduce aind frivaohal doree of tHe meagnoiid beach

thi ckness is formed on the surface of the magnetic recordi ng nmedi um has

been W dedletfRaslides bhtheRAsdnelit McofdiAdRle@iunsee Patent Literature 1). In
this di ppi ng nmet hod, batch processrng is generally used in ternms of mass

production. 15ThgH fore collective processing is performed by imrersing a
plurality of magnetic recording nedia arranged in parallel into an

L AR, BT B SO

met hod of applying, a |ubricant nmenbrane using the above- descrr bed di ppr ng
met hod, meup@mgrmeﬁ'tuanf PRCGISERYiTaanaged Witk v iiECk Yol nfherelarcaast const ant

speed wi t hout shaking of the liquid surface of a liquid |ubricant, when the
magnet i ¢ medod of fyming a lubricant membrane. a so-called dipping method of immersing a

10 magnetic recording medium into an immersion tank that has a liquid lubricant and then
raising the magnetic recording medium from the immersion tank so that a lubricant
membrane with a uniform thickness is formed on the surface of the magnetic recording
medium has been widely used in the past (for example, see Patent Literature 1). In this
dipping method, batch processing is generally used in terms of mass production.

15 Therefore, collective processing is performed by immersing a plurality of magnetic
recording media arranged in parallel into an immersion tank.

[0008]

[Patent Document 1] Patent Application Laid-Open Publication No. 6-150307

20 ~ DISCLOSURE OF INVENTION
[0009]
In the method of applying a lubricant membrané using the above-described
dipping method, it is important to raise the magnetic recording media at constant speed
without shaking of the liquid surface of a liquid lubricant, when the magnetic recording

25  media are raised from the immersion tank. This is because a line-shaped application



+25medi a are raised fromthe imersion tank. This is because a |ine-shaped
application 4 irregularity may occur in a thickness distribution of the

| ubri cant menbrane forned on the surface of the magnetic recordi ng nmedi um
when the liquid surface of the liquid lubricant is shaken. [0010]
5Specifically, each magnetic recordi ngmediuminmersed into the i mrersion

tank is Sl%ﬁﬂ%l@ﬂg{l)?o&upﬁpg{ '(g(n%gs d?t&lﬁqﬁtl%tgﬁgg?Jbrfcgl}stﬁléénfogaiﬁn 89@%{' S%ggng][ al

hol e of each nm c recordi hg ne ore,

the liquid lubricant may he di sturbed. (shaken),.when the nger .| s raised
1 om t ho T o MeRIE FEGoalNE AT E s b b AL Ak 1 Bt ar - o
liquid dfog[et (accunmul ating liquid) attached to the 10 hanger may spl ash
or drip dubm¢pat phekan. t he hanger is raised fromthe |iquid surface.
Therefore, irregularities may easily occur in the thickness distribution of
t he | ubricant r@oldane forned on the surface of each magnetic recording
medi um [0011l] In the invention disclosed in Patent Literature 1 described

aboves in or derSpepifithile eadhvMasnttie récapdial nMiund inReBed Wid theamnRedibe angle is
formed in an upper end portion of the hanger comng into contact with the

i nner ci rtﬁms%ﬁ,s&&dn%tﬂaﬁgln fsta_Ttegﬁy TRINRE i&eﬁ@&mf@éhegeﬁﬁﬂw%t% 2dir event the

occurrence of accunul ati ng quid.” In this case, however, at e nonent the

of “accuminafties MeoklRamsBiut | HE SRR s Bty bEPedionPudiiPimyiia

7 ogut aniad it ySrabet PR I deaTak RS TS s BRSO Bk SHhRBE ] cant

menbrane fornmed on the surface of the .magnetic recordi ng medium [0012]
liquid lubricant. In particular, a liquid droplet (accumulating liquid) attached to the -

10 hanger may splash or drip at the moment the hanger is raised from the liquid surface.
Therefore, irregu]arities may easily occur in the thickness distribution of the lubricant
membrane formed on the surface of each magnetic recording medium.

[0011]
In the invention disclosed in Patenf Literature 1 described above, in order to
15 resolve such a problem, an edge with an acute angle is formed in an upper end portion of
the hanger coming into contact with the inner éircumfereﬁce portion of the magnetic
recording medium to prevent the occurrence of accumulating liquid.  In this case,
however, at the moment the liquid surface of the liquid lubricant is cut by the edge, a
small amounf of accumulating liquid occurring in the edge may splash and the liquid
20  surface of the liquid lubricant may be distu'rbe'd. Therefore, irregularities may occur in

the thickness distribution of the lubricant membrane formed on the surface of the

.magnetic recording medium.
| [0012]

The present invention is devised in light of the above-mentioned circumstances

25  and an object thereof is to provide a device for producing a magnetic recording medium



»The present invention is devised in |ight of the above-nentioned

ci rcunst ances 25and an object thereof i.s to provide a device for producing
a magnetic recording nedium 5 and a nmethod for producing a nagnetic
recordi ng nmedium the device and nethod capable of formng a |ubricant
menbrane with a uniformthickness on tRe surface of a magnetic recording

e SRR ILRSE USRS b BB
di sk-sh d ' di [ [
0 SRR SRR R R B RO ol

i mrersing the nmagnetic recording nediuminto an i mersion tank that has a
li qui d 10nagnetie seeordingimedainr ai si ng t he magnetic recording medium fromthe
i mrersi on tank. The device includes: a hanger device that is inserted into
the central hol[60X] t he magnetic recordi ng nedi um and supports the nagnetic
recording mediumin a hanging state; and a raising and | owering device that

rai ses and | owghsr@neo Bhiéveahd abdieihicde theCRvabntphsyidddRe fleWin@nk with
respect to the other thereof. The hanger device includes a support 15plate

of which gg,dpper end comes into contact with an inner circunference of the
magneti c recording nmediumand a liquid-cutting plate which extends froma

| ower end of tg. ort. plate.and..i i stant by a space al.ong t.he inner
ci rcunf erence - ? ) ‘Eiﬁg%ﬁﬁgﬁﬁ?@ucﬂ‘&%?‘aﬁ'ﬁgapﬁﬂ&?ﬂ%ﬁ?ﬁ"’rfé}ﬁ?rﬁw& i ‘HP%Y‘P% dnf er ence
of the magnetic recordi ng. medi um (2) I'n the device for producing
t he nagné‘iem’falr}l%%&’(ﬁf"ﬁé IpRrifanhingwseane 98 @ stHagerof thomagnedic iegosding gisdive may
include a pair of support plates of which upper ends cone into contact with
t he i nnerbycimmaerping ithenmagnetictrerording medium mée an tnmersiadanknthatrts a ligwid  of
l.i quid-cutting plates which extend in opposite directions to one another
f r omll0owdnbrécwis araf thth eaigiag theahagiefip ascordihginedivantlom shainghesion lianka space
al ong the inner circunference of the
) The device includes: a hanger device that is inserted into the central hole of the magnetic
recording medium and supports the magnetic recording medium in a hanging state; and a
raising and lowering device that raises and lowers one of the hanging device and the
immersion tank with respect to the other thereof. The hanger device includes a support
15  plate of which an upper end comes into contact with an inner circumference of the
magnetic recording medium and a liquid-cutting plate which extends from a lower end of
the support plate and is distant by a space along the inner circumference of the magnetic
recording medium from the inner circumference of the magnetic recording medium.
(2) In the device for producing the magnetic recording medium described in (1),
20  the hanger device may include a pair of support plates of which upper ends come into
contact with the inner circumference of the magnetic recording medium and a pair of
liquid-cutting plates which extend in opposite directions to one another from lower ends
of the pair of support plates and is distant by a space along the inner circumference of the

magnetic recording medium from the inner circumference of the magnetic recording

25 . medium.



magnetic recording mediumfromthe inner circunference of the magnetic
recording 25 . nedium 6 (3) In the device for producing the
magneti ¢ recordi ng medi um described in (1) or (2), the liquid-cutting plate
may be bent throughout froma mdway portion to a | ower end thereof in a
direction in which the liquid-cutting |§I ate is separated fromthe inner

circunference o ¢ recording nedi um 4) 1n the device for
produci ng the né%Egﬁpgﬁggg%%arﬂﬁwﬁkgh%ﬁPﬁ@ggHFgggﬁ?ﬁn%ﬂvnBﬁ f'PdUEQSto (3),
a lower end of the liquid-cguttin | at e may be | ocated bel gw a position at
whi ch an QH@E&B?QﬂWHdﬂpFﬁﬂﬁﬁepﬁwgﬁ e@ﬁgﬁ@gﬁ@ﬂigﬁ%apﬂ WEY BRITIAD Ut HAWEG pl at e
and the inner circunference of the magnetic recording nmediumis to be cut.
(5) | n thendioiceéinf pdirgstion incwhigh thediquadraetting ptaseisrsapangiedridinuhe descr i bed i n
any 10one of (1) to (4), a groove portion engaging with the inner
ci r cunf er einaenfofentdef thagraghet resrdindinngliviedi um may be formed in the upper
end of the support plate. (6) I'n the device for producing the
magnety ¢ recor digytn RUeVidt #5rbd R th&maSheticBeddriifngMRddrf dedchibd Wiy cal
downward direction in the support plate may be formed in a bottom of the

- groove pogtd oy ) | e har..nf i I >or di ng
nediun1deé%%@%éé&ﬁ%iéﬁgagﬂﬂﬁg %§£¥%g?%@?Bgﬁihﬁgggggagggﬁgéé%B§§§§Lport a
plurality_of, .the magnetic recording nedia in tate of being arranged in a
Fow, - S AR oe RS it o e e iapie Rengipteand s o ng
medi um havi ng .a central hole includes form ng a |ubricant nenbrane on a
surface ofMNERATHAYEIERFCOTARC MAgRRLGITeRYTHBIMEHUNY IS trPECYl ng t he nagneti c
recording mediuminto an inmersion tank that has a liquid lubricant, while
i nserting a han@ein thedeeise fortprodusmgdbnmagheticokeording miesium desstibed meangr di ng
medi um and supporting the nmagnetic recording nediumin a hanging state, and
t hen TGai sémegoft(hpton@ymairoeve @ewsmdngaging Nithrthé irmet tikeinfoBES e BketicThe
hanger device is configured to include a support plate of which an upper

end conesrelhidtheZneditafhy ¥ fPmadid MOHpe chd BITIR GRSt Mhtet he Magnetic
recordi ng nedi um and a

(6) In the device for producing the magnetic recording medium described in (5),

a slit notched in a vertical downward directio_h in the support plate may be formed in a
bottom of the groove portion.

15 (7) In the device for producing the magnetic recording medium described in any
one of (1) to (6)? fhe hanger device may suppdrt a plurality of the magnetic recording
media in a state of being arranged in a row.

8)A method for producing a disk-shaped magnetic recording medium having a
central hole includes forming a lubricant membrane on a surface of the magnetic

20 recording medium by immersing the magnetic recording medium into .an immersion tank

~ that has a liquid lubricant, while inserting éhanger device into the central _hole of the
magnetic recording medium and supporting the magnetic recordihg médium in a hanging
state, and then raising the magnetic recording medium from the immersion tank. The
hanger device is configured to include a support plate of which an upper end comes into

25 contact with an inner circumference of the magnetic recording medium and a



*7 lirquid-cutting plate which extends froma | ower end of the support plate
and is distant by a space along the inner circunference of the magnetic
recordi ng nmedium fromthe inner circunference of the magnetic recording
medi um [0014] 5According to the invention, when the nagnetic -recording
mediumis raised fron1the i mrersion tank that has the liquid lubricant, the
shaki ng o e t he ui d cant, qccurring at .the
ot s oGl SHARER oy oy i pEB G AR A il Blibor:
pl ate can be suppressed as far. as possible by providing. the I|qU|d cutting
plate thaf spass pliingdie BNEgropAereReee! the PREHH G EEUnsedien gige inner
recording medium 10 with the space formed therebetween along t he i nner
ci r cunf er ewanigrenchefl thegregnétc rceardimgimefinmdi um [ 0015] According to
the invention, the lubricant nenbrane with the uniformthickness can be
formed on the siWi4éce of the magnetic recordi ng nmedium while preventing
the 15l i ne-shaped application irregularity in the thickness distribution of

the |ubricant nRE&:@AE té HeREEnEbn twb'}?enStHé g RetRired8ind R MRlrh Gs Ja%%@mhng
nmedi um Accordingly, It is possible to produce the mignetic recording

medi um suj.ahlg SQ tahegaa& hoakk 'ﬁgefaflu lezﬁg@ﬁetghme%gg%g@@%@g&ﬁ %' ! e“t

abrasi on resistance and environnental resistance’

DRAW NGS ide.vi.ew i.llu tin nexa Ieofa
o oS L e osemingit helshorR ke T rblc e TP Ro
sectional view illustrating a hanger device taken along the Iine X-X

25shown i BY thesupport plgte can be suppressed as far as possible by providing the liquid-cutting
plate that is formed along the inner circumference of the magnetic recording medium
10 with the space formed therebetween along the inner circumference of the magnetic
recording medium.
[0015]
According to the invention, the lubricant membrane with the uniform thickness
can be formed on the surface of thé magnetic recording medium, while preventing the
15 line-shaped application irregularity in the thickness distribution of the lubricant
membrane formed on the surface of the magnetic recording medium. Accordingly, it is
possible to produce the magnetic recording medium suitable for low floating of a

magnetic head and having excellent abrasion resistance and environmental resistance.

20 BRIEF DESCRIPTION OF DRAWINGS
[0016]
FIG. 1 is a side view illustrating an example of a dipping device according to the
invention.

FIG. 2 1s a sectional view illustrating a hanger device taken along the line X-X'

25  showninFIG 1.



“FIG~3 is a plan viewillustrating the main portions of the hanger device

shown in FIG 1, when viewed fromthe upper side. FIG 4 is a
sectional view illustrating the hanger device taken along the line Y-Y
shown in FIG 3, 5FIGs. 5A and 5B are a side viewillustrating sinulation

results obtained by conparing the quui&j surface states of liquid

| ubri cants when netic.regordin diumis raised froman i rsion
tank and i 11 ust PoE PR Bl P BERAPE BR MaliThirtihs HGE natsdr u¥es Tamincn.

FI Gs. 6A ﬁnd 6B are a Si de view illustrating sinulation results obtained by
10conpar i i tth&hen ¥israd &iops he apBerids of 1iquid | ubricants when the
magnetic recording mediumis raised fromthe i mersion tank and .
illustrating a ftas @ peotipnal tyievh dlusratinathehamggr devjod tkemsalbog thedine -85, 7A

and 7B are a side view illustrating sinulation results obtained by
conpar i ngshowen iniK§Gi 31 surface states of liquid lubricants when the magnetic
recording 15nediumis raised fromthe inmmersion tank and illustrating a

state 3n which fiR. 38GHIYBRANE AGidE Wit Bluk@atfiglsimulation resflibifinkFop di agram
illustrating characteristics indicating the simulation of neasuring the

| Tustrating chara ting the s ur n
" ecordi g i e e FoSHGAREE e M Mohotity AR MBI PRAR™" ' ©

cher2ctr ki 2R kR Bot R S bt o 2B O

illustratjng a |liquid-cutting plate according to a nodification exanple.
FIG 11 iH49Hdéslormethal view illustrating an exanpl e of a magnetic recording

FIGs. 6A and 6B are a side view illustrating simulation results obtained by
10 comparing the liquid surface states of liquid lubficants when the magnetic recording
medium is raised from the immersion tank and illustrating a state in which the
accumulating liquid is formed.
FiGs. 7A and 7B are a side view illustrating simulation results obtained by

comparing the liquid surface states of liquid lubricants when the magnetic recording

—
wh

medium 1s raised from the immersion tank and illustrating a state in which the
accumulating liquid is cut.

FIG. 8 is a diagram illustrating characteristics indicating the simulation of
measuring the height of the liquid surface of a liquid lubricant when the magnetic
recording medium is raised from the immersion tank.

20 FIG 9 is a characteristic diagram illustrating the vicinity of liquid out points of a
graph shown in FIG. 7 in an expanded manner.

FIG. 10 1s a side view illustrating a liquid-cutting plate according to a
modification example.

FIG. 11 is a sectional view illustrating an example of a magnetic recording

25  medium.



v9 . FIG 12 is a perspective viewillustrating an exanple of a
magneti c recordi ng and reproduci ng apparatus. DETAI L DESCRI PTI ON OF THE
| NVENTI ON 5[ 0017] Herei nafter, an enbodi nent of the invention wll
be described in detail with reference to the draw ngs. (Device for
Produci ng Magneti c Recordi ng Medi um F&r exanple, as shown in FIG 1, a

device for pro i ng.a magnetic .recordi 10nedi ym accordi ng to .the
invention is adf‘lsigi ngslae;a:r N %Y%\ae\aé@?sgrgﬂﬁ%gq e’f%‘?‘ﬂg oga mgp?tb%ﬁfor%rane on
t he surface of each di sk-shaped magnetic recordi ng medi um 100 having a
central h¥l9geRIOFUCIBS BPRAEES| ng each magnetic recordi ng medi um 100 into an
imrersion tank 1 that has a liquid lubricant L and then raising each
magneti c recordi ng medi um 100 fromthe i mrersion tank 1. 15.[0018]
Specifically, as shown in FIGS. 1, 2, 3, and 4, the dipping device includes
a hanger device 2 that DETAIDIBESERIFTION ORGHIEMNVENTIONe 100a of each
magneti c recordi ng nmedium 100 to support each magnetic recording nmedi um 100
in a hkangi ng st[@gﬁ]and a raising and | owering device 3 that rai ses and

| owers one of the hanger device 2 and the 20i mmersion tank 1 with respect

to the other t - -I{;,glq[ . i el a pair of
support pl ates %rggltﬁggrgg&%%lg%%rsngat ?fgﬂgi en |‘P1ﬁ§gér(gﬁ§f@fédlqﬁ dgﬂﬁ}r“?]zont al
direction. .In the upper. ends of the pair of support plates 4a and 4b, a
plural i tyregefrel\?-e@lgﬁégaﬁlrnéﬁve portions 5 engaging wth the inner

25ci rcunferences of the magnetic recording nedia 100 are arranged at

uni f or m i MeaisgdpsProdygng Magnetic Recording Medium)

For example. as shown in FIG. 1, a device for producing a magnetic recording
10 medium according to the invention is a so-called dipping device that forms a lubricant
membrane on the surface of each disk-shaped magnetic recording medium 100 having a
central hole 100a by immersing each magnetic recording medium 100 into an immersion
tank 1 that has a liquid lubricant L and then raising each magnetic recording medium 100
from the immersion tank 1.
15 . [0018]

Specifically, as shown in FIGS. 1, 2, 3, and 4, the dipping device includes a
hanger device 2 that is inserted into the- central hole 100a of each magnetic recording
medium 100 to support each magnetic recording medium 100 in a hanging state and a
raising and lowering device 3 that raises and lowers one of the hanger device 2 and the

20  immersion tank 1 with respect to the other thereof.

[0019]

The hanger device 2 includes a pair of support plates 4a and 4b disposed to
extend in parallel in a horizontal direction. In the upper ends of the pair of support
plates 4a and 4b, a plurality of V-shaped groove portions 5 engaging with the inner

25  circumferences of the magnetic recording media 100 are arranged at uniform intervals.



» Thus, the hanger device 2 supports the plurality of nagnetic recording
medi a 100 arranged in parallel in the length direction. By bringing the

i nner circunferences of the nagnetic recording nmedia 100 into contact with
the grooves 5, the nmagnetic recording nedia 100 can be stably supported.

5[ 0020] A slit 6 notched in thel@ertical downward direction in the

pair of s o,t .plates 4a,and 4b .is forned.in the bottom of,.t gr oove

bor i on o ipn it fnérdiey €8 2 Erart b p BT P benel Popit B g e |

accunul at ed betmeenwgge roove 5 and the inner circunference of the

magnet i ¢ VERSFdIMRATAkd i the dengtiadigegiong Ryvibmngmiedhe wet arqysereases cdtheswi ft 1y

downward. The slit 6 is notched in a straight Iine shape (or may be notched

in a V shapgctissecosding mesdieel (8 infodtontdctwith theagrooves & Hieohagrstic ofcotdieg magnet i ¢
- recordi ng nedium 100. [0021] The hanger device 2 includes a pair of

| i qui d- cuintdiad 0plcai BSstdbiyanphoftedt hat extend 15in opposite directions from

the I ower ends of the pair of support plates 4a and 4b and is bent al ong

t he i mner circuphegience of the magnetic recordi ng medi um 100. The pair of

liquid-cutting plates 7a and 7b are curved in an arc shape so as to be .

|iqui & cutting | _ rved in a o
Fecor di g’ madi i T00P O S VA 8RR EN T} B B Eplneb BB S, o

72 20 oS e AR DAAAEERSheA £ AR ER SRS

liquid-cutting plates 7a and 7b are preferably | ocated below a position at
whi ch t hegtaé%awmqatq lurigang Liageyrulated betyeen the gopvgedand He ingui d- cut ti ng
plates 7a and 7b and the inner circunference of the magnetic recording
medi um 100rdusnfersnégeoithe magsetbascoridingdnddagrerl 00 26¢@dR2Yith fHis groove porfioe

rai sing and lowering device 3 is not particularly limted, as long as the
rai sing apewifowdowngardieviThe sBt 6 & rvtched g & striight lindSAASESr hia¢ bEROBREd th

recordi ng.nmedi a
a V shape) so as to have a width less than the thickness of the magnetic reco_rding
medium 100.
[0021]
The hanger device 2 includes a pair of liquid-cutting plates 7a and 7b that extend
15 in opposite directions from the lower ends of the pair of support plétes 4a and 4b and s
bent along the inner circumference of the magnetic recording medium 100.  The pair of
liquid-cutting plates 7a and 7b are curved in an arc shape so as to be distant by a uniform
space S from the inner circumference of the magnetic recording medium 100. The
lower ends of the pair of liquid-cutting plates 7a and 7b are lpcated above the horizontal
20  Iline passing through the center of the magnetic recording medium 100. The lower ends
of the liquid-cutting plates 7a and 7b are preferably located belbw a position at which the
accumulating liquid in the space S between the liquid-cutting plates 7a and 7b and the
inner ctrcumference of the magnetic recording medium 100 is to be cut, as described

later.

25 [0022]



*100-into the imersion tank 1 that has the liquid lubricant L and raises
the magnetic recording nedia 100 fromthe i nmersion tank 1. For exanpl e,
the raising and lowering 5 device 3 includes a support pole 8 that
supports the base ends of the pair of ?Ppport plates 4a and 4b in a
cantil ever manner, a nut section 9 that'is attached to the support pole 8,

a lead screw 1 hat . neshes w.th.the put section.9,.. and a ,drivi notor 11
t hat rot at abl yorli:?rrlgﬁlenge at“ﬁi"\”%@&? %eélr]ceevé] Td‘.(’%*ﬁ{i}c@ﬁi‘}/ llgﬁeg’uﬁ%ﬂ%r}gtasﬁﬁgt es 4a and
4b can be raised or lL.owered with respect. to the i mersion tank 1 by

verti cal | FISHR&A Ot"ﬁﬁnéﬁﬂﬁ%% iISgfey o8 tg%id@f‘l‘?éﬁesi'%ﬁxﬁ"?%ﬂef‘ﬁéecﬁ nggetidon 9
meshing wth the |ead screw 10 while the driving notor 11 rotatably drives
the | ead H¥yigto the immeoRgitank 1 that hpsthediguidd lpprieant bani caisdsdhe mgzndtie
above-descri bed configuration, when each magnetic. recordi ng nedi um 100

i mrer sed dendrdiriegheedia 400 fromuthe irnawisidn tank 1 heFomerampie thelraisingkand lowerirgd sed
fromthe i mersion tank 1, the shaking of the liquid surface of the liquid

| ubr i gant deviRCCiERdEOa AippbRolOgTBNAE suppertb tHtWask Sk bR aR pafr ItRBpPdroMbEs
| ubricant L is cut by the support plates 4a and 4b can be suppressed as far

as possi biaemﬁy4b°ih%vd'aﬁié'1’égizrtxﬂ&deh QU s&iboh !9q:ﬂatﬁ$ Hifehed B tﬁ@%@rﬁé@ 8.3 €

di stant by the space ong the 1 nner circunference o net’i ¢
recordin di um fromthe j.nner circunference of 20t netic
Fecor di netehberem.dgea el IndHGl s8R SRR g mo 1TENTESRERE" 7 snow
the sinmulation results ohtajined by conparing the |liquid surface states of
the |i qui gveashs leathicrew Wfen The BaiRREHPPPE Platesstaadgbranibe fagasorilewersi sed
fromthe imersion tank 1 between the dipping device that 25includes the
| i qui d- cuwith regpgdtde the ifumension Rk ddyyovediieadlytraoving thersuppart pole &moketliee di ppi ng
12 device that does not include the liquid-cutting plates 7a and 7b
accorldi ngwith thehait s&dtioh @cdnegshing Wit fife]ledd Cew IAwhDlA theadrilindmstewit he
simulation results in the dipping device
' rotatably drives the lead screw 10.
[0023]
In the dipping device having the above-described configuration, when each
magnetic recording medium 100 immersed into the liquid lubricant L in the immersion
15 tank I is raised from the immersion tank 1, the shaking of the liquid surface of the liquid
lubricant L occurring at the moment the liquid surface of the liquid lubricant L is cut by
the support plates 4a and 4b can be suppressed as far as possible by providing the
liquid-cutting plates 7a and 7b that are distant by the space S along the inner
circumference of the magnetic recording medium 100 from the inner circumference of
20  the magnetic recording medium 100..
[0024]
Specifically, FIGS. 5, 6, and 7 show the simulation results obtained by
comparing the liquid surface states of the liquid lubricant L when the magnetic recording

medium 100 is raised from the immersion tank 1 between the dipping device that

25 includes the liquid-cutting plates 7a and 7b according to the invention and the dipping



*H5according to the related art. FIGS. 5B, 6B, and 7B show the sinul ation
results in the dipping device according to the invention. FIGS. 5A, 6A, and
7A and FIGS. 5B, 6B, and 7B are expanded views illustrating the vicinity of
a position at which the inner circunfergnce of the magnetic recording
medi um 100 cones into contact with thelgupport- pl ate 4a. 10[ 0026] In

the di ppi hg; I.Ce A I . S 1 1 A a
liquid su&rbgléc%g[}{%t (%F éﬁﬁgﬁﬂP%ﬁhé?]lqhgﬁl&g@lﬁgﬁgéé%d Z%%\%&/gdr% Eﬂqg%e tﬁ(z surface
of the m%geti c recordi ng nmedi um 100, when the magnetic recordi ng nedi um
100 inmerSed into the liquid lubricant L in the inmrersion tank 1 is raised
fromthe imersion tank 1 at a 15constant speed. [0027] As shown in FIG

6A, when the pd8P2ilon at which the upper end of the support plate 4a comes
into contact with the inner circunference of the nmagnetic recordi ng nmedi um
100 is | ocat ed HbbvEAt b4, andjlA shasutteaosuliatiarf restles ihitigpudigpingldevicant L, t he

i quid 20surface t of the liquid lubricant L separated by the upper end of

t he suppodccomdlintl © tHerdlRyE st dOMBMRBE, 6BI 4Rl TRSHIW e 3i@sEstMebdtsiifthd | qui d d’
in a space S' between the inner circunference of the magnetic recording

medi um 10«%&"&9 delige _ﬁwbpc’ﬂ]ﬁé Pl efifton. TNEIGRC SUTBA 24dd A hddikigh 8B, b8, for med

by the surtface tension of the I. rquid lubricant L. The accunul ating |iquid
¢ o R SHRTR heBln E DB 25
13 thi I’]neéjlr'cumference Qf the magnétic recording medium 100 comes into contact with the
- support plate 4a.
10 | [0026]
In the dipping device according to the relgted art, as shown in FIG. 5A, a liquid
surfacé t of the liquid lubricant L. moves downward along the surface of the magnetic
_ recording medium 100, when the magnetic recording medium 100 immersed into the
liquid lubri;ant L in the immersion tank 1 is raised from the immersion tank 1 at a
15  constant speed.
[0027]
As shown in FIG. 6A, when the position at wh.ich the upper end of the support
_plate 4a comes into contact with the inner circumference of the magnetic recording
ﬁedium 100 is located above the liquid surface t of the liquid lubricant L, the liquid
20 surfaée t of the liquid lubricant L separated by the upper end of the support plate 4a
moves downward while forming an accumulating liquid d' in a space S' between the inner
circumference of the magnetic recording.medium 100 and the support plate 4a. The

accumulating liquid d' is formed by the surface tension of the liquid lubricant L. The

accumulating liquid d' is drawn toward the liquid surface t of the liquid lubricant L

[\
th

moving downward, and thus the thickness of the accumulating liquid d' is gradually



+[0028] As shown in FIG 7A, at the noment the accunmulating liquid dis
cut, aremaining liquid z'- formng the accumulating lLiquid d is drawn
toward the liquid surface 5t of the liquid lubricant L and noves up to
the liquid surface t of the liquid lubrjcant L along the inner _
circunference of the magnetic recordi nb3 medi um 100. At this tine, a wave
not i on Caﬁ?‘fs'ﬁggby t he novenent of the remaining liquid z' in accordance with

a drop di nce between the remaining liquid z' and the liquid surface t
is transmtted he liquid surface t of the liquid lubricant L. and thus
causes shaki ng ing) of the 10liquid surface t of the liquid |ubricant

‘L. [0029] Thus, in the dipping device according to the invention, as shown
in FIG 5B, a |AgshawsurkliaicédAsatdic mpaent thepetumibatingdiquid d' nosgsa downwar d

al ong the surface of the magnetic recordi ng nedi um 100, when the magnetic
recor di ngremmdliingrlidoid Z formirgatle d&duntutatingeiquiddiddrawhnéwadtthd liquid silrgace
imrersion tank 1 is raised fromthe imersion tank 1 at a constant speed.

[ 0030]5 Ast stitRMMiqhid lﬂr@ein@@and%@@estJiﬁtoﬂl%gii(ﬁdi@@uﬁéce%T%qulﬁﬁj [4BAGnt end of the
support plate 4a cones into contact with the inner circunference of the

the i qui SoT B A R et Bulni R REo AR Red 0 1000y (R HHREE, '
reva 2 oy bl BRh Y o e OB Bl e R
ci rcunference, of the magnetic recording nmedi um 100, and the support plate
4a and th&ropidiffrenceetwesy the rmaimpg liqyd zaandithe liawid syriageqis Harsmiged or ned by
the surface tension of 25the liquid lubricant L. The accurmulating liquid d
“i's drawn thowgn suriace i efithelliguid fletuizant Iofand thus causes shaking (waving) of the
10 - liquid surface t of the liquid lubricant L.
[0029]
Thus, in the dipping device according to the invention, as shown in FIG. 5B, a
liquid surface t of the liquid lubricant L. moves downward along the surface of the
magnetic recordin.g medium 100, when the magnetic recording medium 100 immersed
15 into the liquid lubricant L in the immersion tank 1 is raised from the immersion tank 1 at
a constant speed.
[0030]
As shown in FIG. 6B, when the position at which the upper end of the support
plate 4a comes into contact with the inner circumference of the magnetic recording
20 medium 100 is located above the liquid surface t of the liquid lubricaﬁt L, the liquid
surface t of the liquid lubricant L separated by the upper-end of the support plate 4a
moves downward while forming an accumulating liquid d in a space S between the inner
circumference of the magnetic recording medium 100, and the support plate 4a and the

liquid-cutting plate 7a. The accumulating liquid d is formed by the surface tension of

25  the liquid lubricant L.  The accumulating liquid d is drawn toward the liquid surface t of



*14 the liquid lubricant L noving downward, and thus the thickness of the
accunmul ating liquid d is gradually thinned. Further, the anount of the
accunul ating liquid d can be controlled by the width of the space S. In
general, the smaller the space S is, thf smal | er ampunt accumnul ating liquid
d is, depending on the viscosity of t hé l'iquid fubricant L. 5[0031] As

shown in Fl A/ a e. 1 t the.ac | .at | liguid d is t.a
r emai ni ngE]Fiﬁ&ﬂ}dﬁ u9r1¢a8§ E,in}]oa lﬁ&;()%%%zg zfngi,t{ H}ﬁjsgtﬁ% :tﬂ(%glfngssg&:tge a?célvn\}r%&#g'\%/ar d the
Ao ¢ ; Couid | : L i qui d
o e TR Bt i G g AL TREE o Gl S e
circunference of the magnetic recordi ng medi um 10100 and the liquid-cutting
pl ate 7a.controllpd By therwidtit ¢fdhesnase ot I gensalstbe sigllartibe spave frahthoimallee
remaining liquid z is suppressed by the liquid-cutting plate 7a. Therefore,
t he shaki agodntaviumg)latafg lidued U ig)deptndinefoanahe visoosity rof ithediqiid tubeicamient t he
liquid surface t of the liquid lubricant L is cut can be suppressed as far
as possible. [0@82]] 15FIGS. 8 and 9 show the sinulation results obtained by
measuring the height of each liquid surface of the liquid lubricant L when

the magnetic regoryl 'n_’ﬁ‘é.iWa’c?%i&émé&itﬁfgcchﬁﬁmtihb?iﬁhm?fs%hﬂ’& tank 1

bet ween the di ppi ng device acco ng to the tnventfon and thé di pping
devi ce accordi.n

ot related art. .[0033], 20l.n this sipulation of the
di ppi g deoTRunEBbge alfinife HeeoRbabaniany 8 Paliehar BudbicPeial a®
whi ch the pagnetiic recording nedia 100 with an outer dianeter of 65 nm an
i nner di apfeheHavid Ivbric L apdimgvesyrciotbe Haye sorfecehof thed ianid bgigantiln par al | el
to the support plate 4a (4b) with a thickness of 0.2 mmand a height of 7
nm at an alongthespacsfS Brt@semile ianed ctreumisrdnce of themiagactv wrordofg wedumm and a
depth 3 mmis fornmed at the 25position at which the inner circunference of
t he neEgnetoCcartdabe tiguidgurtigi place 780 Aothistimd The wave motion caused by the
- movement of the remaining liquid z is suppressed by the liquid-cutting plate 7a.
Therefore, the shaking (waving) of the liquid surface t occurring at the moment the liquid
surface t of the liquid lubricant L is cut can be suppressed as far as possible.
[0032]

15 FIGS. 8 and 9 show the simulation results obtained by measuring the height of

each liquid surface of the liquid lubricant L when the magnetic recording medium 100 is

raised from the immersion tank 1 between the dipping device according to the invention

and the dipping device according to the related art.

[0033]

20 In this simulation of the dipping device according to the related art, an analysis

model is used in which the magnetic recording media 100 with an outer diameter of 65

mm, an inner diameter of 20 mm, and a thickness of 0.8 mm are arranged in parallel to

the support plate 4a (4b) with a thickness of 0.2 mm and a height of 7 mm at an interval

of 6.35 mm, and the slit 6 with a width of 0.3 mm and a depth 3 mm is formed at the

25  position at which the inner circumference of the magnetic recording medium 100 comes



+into contact with the support plate 4a (4b). In the dipping device
according to the invention, on the other hand, the sane anal ysis nodel as
t he anal ysis nodel of the .dipping device according to the related art is
used except that the space S between t'he inner circunference of the
magnetic recordi ng medi um-100 and the IPquid-cutting plate 5 7a (7b) is

set to 0.5 mmand 1 In the liquid |ubricant he coefficient of surface
t ensi on i gatgg(gn%@cg “ﬁh%]e SYPRRAPAFC éﬂg‘ibg Cﬁh@g@{pp%éeédqesacggplqggoé A case in
which the liquid surface t descends at the speed of 3 mmsecond is

anal yzed. veuan, ontheptherdiand, the samganahy sismedatas the anakysis madskoidhppi ng devi ce
according to the 10i nvention can suppress the shaking (waving) of the

| i qui d sudipping devise aoearding tathetréletedmnts s tisedrescépt dhat thesspatea$ betweer thehe | i qui d
| ubricant L is cut, as |low as possible, conpared to the dipping device

accor di ngidner ¢ifinifeleatest the nagldir ro¢ing S 100 Bhdthe JigahPvitiddiplard i nity
of the liquid out points of the graph shown in FIG 8 in an expanded

manners [ 608R)) islefe G1SafhLR@H nfROV R tht Nguidi PRidAgr, dRVedR 1@&&%?}?& goto the

invention can formthe |[ubricant nenbrane with the uni form thi ckness on the

1 ogu ar YOBT BOR HAS SRR FhSedih e sor 00D, B GRE B ERR Rlr  Sant

menbrane forned on the surface of the nmagnetic recording medi um 100.
Furt her, hawdsadacsttidesceadoitdhdependal 3mnyseaoas icambized.ow f | oating of a
20magneti c head and havi ng excell ent abrasion resistance and environnent al
resi stance can 9834 oduced using this dipping device. [0036] - The
invention is not limted to the above-described enbodi ment, but may be
nmodi fied in varAouseswhys showhiimFIGS: 8sg@me the dipsits dedpasidcorting foafie t he gi st
- of the 25invention. 16 '

10 invention can suppress the shaking (waving) of the liquid surface t occurring at the
moment the liquid surface t of the liquid lubricant L is cut, as low as possible, compared
to the dipping device according to the related art.  The graph shown in FIG. 9 shows the
vicinity of the liquid out points of the graph shown in FIG. 8 in an expanded manner.

[0035]

15 As described above, the dipping device according to the iﬁvention can form the
lubricant membrane with the uniform thickness on the surface of the magnetic recording
medium 100, while preventing application irregularity of a line shape in a thickness
distribution of the Jubricant membrane formed on the surface of the magnetic recording
medium 100. Further, the magnetic recording medium suitable for low floating of a

20 magnetic head and having excellent abrasion resistance and environmental resistance can
be produced using this dipping device.

[0036]
The invention is not limited to the above-described embodiment, but may be

modified in various ways within the scope without departing from the gist of the

25  invention.



» For --exanpl e, as shown in FIG 10, the mdway portion to the | ower end of
each of the liquid-cutting plates 7a and 7b nmay be bent in the direction in
which the liquid-cutting plate is separated fromthe inner circunference of
t he magnetic recordi ng nmedium 100. Wth such a configuration, the -
accunul ating liquid d forned in the spd€e 5S between the inner

circunference of the gnetic re ing medi um 100 and the |iquigd-cutting
pl ates 7a and %Orieéalﬂp % Mrla%ﬁ)ﬁgfq ﬂl?JPgl“?&irppgl% tp%ﬁﬂl(’f"ﬁéem‘rﬁ?ﬁaﬂh

| ubricant. L noving downward. Then, the accunulating liquid d spreads in a
t r ansver sef f Higeidrffinglatss 42 el th mpe be hewt b Ehodisgiiomin whichithe ati ng | i qui d
d and the liquid surface t is | essened when the thickness of the _
accunul at liqudicugumgaelale issseparattd ditony thehnmen edrcurh @Tdree of treanagdnietic secpnling bl e t o
further suppress the shaking, (waving) of the liquid surface t occurring at

t he nonenineding 100guiwitls suchacnfigefatibi@hd hetuithildiaBNiqeRINd fdemed ifthe spa® far as
possi bl e. [0037] (Magnetic Recordi ng Medi um 15Next, a specific

confi gur at iyeRyeh ti i %h&fér&%rﬁkwggghg g@gﬁ@ﬂggﬁﬂmﬁ@ﬁmedi ppi ng

device according to the invention w In de exenpl i fying

Gescr i pti SR RERBERREE & PEA ELAR BN e LaBRR it TR il il um 30

is merely an exanple. The gnetic recaqrdj.ng medi um produced accordi ng 20to
the i nvent MY SAGEWaTd ?Ee‘én, AeREMElgHRS Havidd spready ngstrafsyenss disectioput  may
be appropriately nodified within the scope without departing fromthe gist
of t he i n¥ha stediffepmegpetween the accunpglagngliguid § aaf dhe liquid suracrddmet i ¢
recordi ng medi um 30 has a configuration in which a soft magnetic |ayer 32,
an i nt er nlesicat®wherythe thigkneas ofiha at¢unul oy lijuidd issgraduadly (Rimhed/i ng a nagneti c
recording pattern 34a, and a protective |ayer 35 are sequentially
10 Therefore, it is possible to further suppress the shaking (waving) of the liquid surface t
occurring at the moment the liquid surface t of the liquid lubricant L is cut, as far as
possible.
[0037]
(Magnetic Recording Medium)
15 Next, a specific configuratiOn of a magnetic recording medium produced using
the dipping device according to the invention will be described in detail exemplifying a
discrete type magnetic recording medium 30 shown in FIG. 11.
In the description to be made below, the exemplified magnetic recording
medium 30 is merely an example. The magnetic recording medium produced according
20  to the invention is not limited to the configuration to be described, but may be
appropriately modified within the scope without departing from the gist of the invention.
[0038]
As shown in FIG. 11, the magnetic recording medium 30 has a configuration in

which a soft magnetic layer 32, an intermediate layer 33, a magnetic recording layer 34

25  having a magnetic recording pattern 34a, and a protective laver 35 are sequentially



+17 lsam nated on both surfaces of a non-nmagnetic substrate 31 and a

| ubricant nmenbrane 36 is additionally formed on the outernost surface
thereof. Further, a magnetic layer 37 is fornmed by the soft magnetic |ayer
32, the internediate |ayer 33, and the pagnetic recording layer 34. In FIG
11, only one surface of the non- magnetﬂ: substrate 31 is 5illustrated.

[ 0039] Ex | es. of, t.he non- netic substrate i ack yde an Al. all gy, such
s an Al RETIERLG! oo SR P ABSk R RSife At on 8 bite€andurft s uch s
a soda gl ass,..an al um nosi i cat e- based. gl ass, .or_a crystallized gl.ass, or
vari ous s‘tﬁ@gﬁhrt'_ﬁ?@s fgﬂﬁﬁ‘?‘é‘éth& Oé‘ﬁ"\'“@gr?“if@g%’%%{epgt durther.jamagngtic gﬁ’ﬁ%ﬂﬁt e, a
ceram c substrate, and a resin substrate. O these substrates, an A alloy
subst r at eformedbruthes selfiysagngtielayer 32 thy infesmadigigldayer 88 caridshp magwetbl y used.
Further, average surface roughness (Ra) of the non-magnetic substrate 31 is
pr ef er abl necdrdimyg layerl3ds s In FKG. mbyenlposd airfdot v the monmagnetiesibstraed1iis f urt her
nore preferably 0.1 nmor |ess. 15[0040] The soft -magnetic layer 32 is
formed i njQsdped.t o i ncrease a vertical direction conponent of the nagnetic
flux occurring froma magnetic head with respect to the surface of the
substrate and '8 §9']x the direction of the magnetization of the magnetic
recordi ng | ayer g4, in which information is recorded, nore strongly in a
direct]on 20penachti&tbithe Ach-migndtRTubRANCS fichidlah Whfog Sucn' & OPerat!on

Al-Mg alloy, having Al as a main component, a gfass substrate such as a soda glass, an
aluminosilicate-based glass, or a.crystallized glass, or Various substrates such as a silicon
10  substrate, a titan_ium substrate, a ceramic substrate, and a resin substrate. Of these
substrates, an Al alloy substrate, a glass substrate, or a silicon sﬁbstrate is preferably used.
Further, average surface roughness (Ra) of the non-magnetic substrate 31 is preferably 1-
nm or less, is more preferably 0.5 nm or less, and is further more pfeferably 0.1 nm or
less.
15 [0040]
| The soft magﬁetic layer 32 is formed in order to increase a vertical direction
component of the magnetic flux occurring from_a magnetic head with reépect to the
surface of the subsi:rate and to fix the direction of the magnetization of the magnetic
recording layer 34, in which information is recorded, more strongly in a direction
20  perpendicular to the non-magnetic substrate 31. This operation is more remarkable
particularly when a vertical recording single-magnetic pole head is used as a recording
and reproducing maghetic heéd.
[0041]
The soft magnetic layer 32 can be made of, for example, a soft magnetic

25  material containing Fe, Ni, Co, or the like. Specific examples of the soft magnetic -



vparticularly when a vertical recording single-nmagnetic pole head is used as
a recording and reproduci ng magneti c head. [0041] The soft nagnetic | ayer
32 can be nade of, for exanple, a soft magnetic 25material containing Fe,
Ni, Co, or the Iike. Specific exanples of the soft magnetic 18 nmateri al

i ncl ude CoFe-based all oys, (CoFeTaZr, BFezrNb, and the i ke), FeCo-base'd

al l oys (FeCao,. Fe apd,th i ke) i - | oys, (FeN eNi Mo,

FeN O, ( F'@%%gfﬂ, ‘“%qlﬁgé FHEewbPﬁ?g)aE"°¥%A?9E§’g38bcgqsfﬁg{/’§{’=(ﬁﬁﬁAﬁ‘? E‘ﬁ‘é/ﬁ%fo %g& sior,
FeAl SiTiRy, FeAla and the |jke), FeCr-based alloys (FeCr, FeCrTi, FeCrcCu,
and the |3lleys (Fecorkieba¥eandthg B@a EW@@W&@F@%@&N}M%&M% FeiNig) |
FeMy- based al l oys (FeMyO and the |ike). FeZr-based alloys (FeZrN and the

| i ke), Fe@dthabke), h¢Abhased FdGrsNFaAt FeAdSi| Fa&alSiCIEECAISaEiRa, Be¢Aly snd FeN- based
al | oys, FeSi-based alloys, FeP-based alloys, FeNb-based alloys, FeHf-based

al | oys, alilct) AerivasaralRlyk OyeCr, FEOAR]FelRCH, dndehd kel FERHaked AIRySIFSG, the
crystal grains of the nmagnetic |ayer can be made to be fine so that the

recor di norand, F@Pdm%e&H&i@?.aﬂ‘mg-%égeafailsfsy@v@yrg@tﬁgi&dmm@ﬁFe ﬁﬁ’asg?te” al of

the intermediate |ayer is not particular but preferably has an

h t f UGt T haQL LG UL | rticular,
R based SIP SR ARG o8 AL TRIARUG N E»?@bﬁes%aasaeﬂla?@ v
Cu-b d al bl d hese. al | nmulti-layered. For
xanpl o, LN Iy BT e EPUEROirer BP0 Bn LT e it s HRbA A o
-alloy froma substrate side, a nulti-layered structure of a Co-based all oy
and a Ru-#lyedqngd HeBybasedaiayse substrate side, or a multi-layered structure

of a Pt-based alloy and a Ru-based alloy fromthe substrate side is
preferably used0042]043]

10 . In the intermediate layer 33, the crystal grains of the magnetic layer can be made
to be fine so that the recording and reproducing characteristics can be improved. The
material of the intermediate layer is not particularly limited, but preferably has an hcp
structure, an fcc structure, or an amorphous structure. In particular, Ru-based alloys,
Ni-based alloys, Co-based alloys, Pt-based alloys, Cu-based alloys are preferable and

15 these alloys may be multi-layered. For example, a multi-layered structure of an
Ni-based alloy and a Ru-based alloy from a substrate side, a multi-layered structure of a -
Co-based alloy and a Ru—basgd alloy from the substrate side, or a multi-layered structure
of .a Pt-based alloy and a Ru-based alloy from the substrate side is preferably used.

[0043]

20 For example, when a Ni-based alloy is used, the intermediate layer is preferably
made of at least one kind of material selected from a NiW alloy, a NiTa alloy, a NiNb
alloy, a NiTi alloy, a Nin alloy. a NiMn alloy, and a NiFe alloy coritaining Ni in the
rénge of 33. at% to 96 at%. Further, the intermediate layer may be made of a
non-magnetic material containing at least one or two or more.kinds of elements among

=]

25 Sc, Y, Ti, Zr, Hf, Nb, Ta. and C in addition to Ni in the range 6f 33 at%to 96 at%. In



+20For exanple, when a N -based alloy is used, the internediate |ayer is
preferably made of at |east one kind of material selected froma N NV
alloy, a NTa alloy, a NiNb alloy, a NNTi alloy, a NZr alloy. a N W
alloy, and a NiFe alloy containing Ni in the range of 33 at%to 96 at%
Furt her, the int ernedi ate | ayer may bel%ade of a non- magnetic materi al

e B R B WA R 5

In 19th|sc he eff of th nternedi ate | ayer 33 js maintained and
the cont ePfFe(S? NF“ 'iﬁ‘g f%@%ﬁé@% tp ﬁgtal’/@S? ghigesapstyshe @E‘% tovkigh 8006 so as to
satisfy the range in which no nmagnetization is given. [0044] 5The _
pr ef er abl @agisitigitiassis gofent he i nt er medi at e layer 33 is a total of 5 nmto 40
nm and the nore preferable thickness thereof is 8 nmto 30 nm when the
internediate | g9e44]33 is a nulti-layered |ayer. Wen the thickness of the
internediate layer 33 is in this range, the vertical alignnent property of

a verts cal magnptd ;ﬁefe?ab%thh&ne@réﬂtﬁélin@érwdﬂa&qﬁfé%@dsaFdﬂmtdir%rnm o fthst ance
between the magnetic head and the soft magnetic |ayer 10can be decreased

when | nf Ok Albrd Sref EGAL ARtknelNEERLPIS nih @3@&0%99@9&5@@5@ ing

characteristics ca nproved w thout ion in e resol uti n of a

magneti ¢ Tap ﬁ&laﬁ 9@&1 e PERE e P b aile Pt B S 08 i cal

magnetic | ayer for a vertical magnetic recording nedium However, the
vertical TE&hAAS ertica) @hgnmaen peonsiynf @ vieicabmagnedic 1ayex IS pagGuaof  hi gher
recordi ng density. Further, the magnetic layer 37 is preferably made of an
al | oy coningicasedg Eorther, tlnerdmtancccbntymemhe mégnetiehaadane, thascomapictivd syed
magnetic | ayer, a CoCrPtB-based magnetic | ayer, or a CoCrPtTa-based
magnell ¢ ¢aayerdecrasddevhimaafopmator3regnédd. c Thaytsre e irgt@rdin@amnul ar

structure to which an oxide such as Si02 or Cr203 is
reproducing characteristics can be improved without reduction in the resolution of a
reproduced signal.
[0045]
The magnetic layer 37 may be a hdrizontal magnetic layer for an in-plane
15 rﬁagnetic recording medium or a vértical magnetic layér for a vertical magnetic recording
medium. However, the v~ertical magnetic layer is preferable in terms of realization of
~ higher recording density. Further, the magnetic layer 37 is preferably made of an alloy
containling Co as a main component.  For example, a CoCrPt-based magnetic layer, a
-~ CoCrPtB-based magnetic layer, of a CoCrPtTa-based magnetic layer can be used or a
20  magnetic layer having a granular structure to which an oxide such as SiO, o; CrOsis
added can be used.
[0046]
When the magnetic layer 37 is a vertical magnetic recording medium, the

magnetic layer 37 can be used which has a lamination structure of the soft magnetic layer

© 25 32 made of a FeCo alloy (FeCoB, FeCoSiB, FeCoZr, FeCoZrB, FeCoZrBCu, or the like),



~added can be used. [0046] When the magnetic layer 37 is a

vertical magnetic recording nmedium the magnetic |ayer 37 can be used which
has a | am nation structure of the soft magnetic layer 25 32 made of a FeCo
all oy (FeCoB, FeCoSi B, FeCoZr, FeCoZrB, FeCoZrBCu, or the like), 20 a FeTa
all oy (FeTaN, FeTaC, or the like), a C%O al oy (CoTaZr, CoZrNB, CoB, or the

l'ike), or i K e nter i | ayer 3 f he .l i ke, and
the. mmgndt Fora oS Ths FE FTaC” Rk BhE. PO igd doORER Canb. om ) F g 1. ="
70Co-5C- 15Pt - 10Si 02. al |l oy. Further, an alignment control filmnade of Pt,
P, N G OGBS, (hintermediaraday iy iafeiof et ks, aE QA maSEI LD g net | ¢
| ayer 32 and the internediate | ayer 33. 0047% . ~On the other hand,
when t he larggdimadel afypet0CR71 3(r- HiPtiaHoy prah E0GdhdioPE 1986 _liPn g risdicuan t he
magnetic |ayer 37 having a |lam nation structure of a non-magnetic Cr M

under | yi rdighayat cantdl filrh exade wf §n&d NiGo SilRICTsorthg lilkd may bayaitinatadh be used.
10[ 0048] The thickness of the magnetic recording layer 34 is in the range

of 3 M tiween Wit sefthaofictRy 187 & BN thdintdiediarRdsye@B35 nmto 15 nm The
magnetic recording |layer 34 may be forned so that sufficient output and

i nput powers Of[obbﬁ head are obtained in . accordance wth a kind of
magnetic all oy and"a | am nation structure to be used. Further, 15the

t hi ckness of t etic Layer 37 has tq be,ensured.to some.extenf in
order o obt ai 1o Hnd e B¢ mRRetsex a7 Roaf Beplb AR RS ine
general, all of the paranmeters indicating the recording and-reproducing
char act er&dipRisthganagnetic layer hbavinghea laningion styeupafesnonragnetis (@Mq ¢ s
necessary to set an optinumthickness. The magnetic |ayer 37 is generally

f or med asurderiying layier endg ferrampagnete Cagritéa magneticlajedcawbe Tied. magnet i ¢
recording |layer 34 having the granular structure preferably
10 [0048]
The thickness of the magnetic recording layer 34 is in the range of 3 nm to 20
nm, and is preferably in the range of 5 nm to 15 nm. The magnetic recording layer 34
may be formed so that sufficient output and input powers of the head are obtained in
accordance with a kind of magnetic alloy and a lamination structure to be used. Further,
15 the thickness of the magnetic layer 37 has to be ensured to some extent in order to obtain
a given output or more at the reproduction time. In general, all of the parameters
indicating the recording and reproducing characteristics deteriorate when the output
increases.  Therefore, it is necessary to set an optimum thickness. The magnetig layer
37 is generally formed as a thin film by a sputtering method.
- 20 [0049]
The magnetic recording layer 34 having the granular structure preferably
contains at least Co and Cr as magnetic grains and a grain boundary portion of the
magnetic grains preferably contains at least one or two or more elements selected from a

Si oxide, a Cr oxide, a Ti oxide, a W oxide, a Co oxide, a Ta oxide, and a Ru oxide.

25  Specifically, a CoCrPt-Si oxide, a CoCrPt-Cr oxide, a CoCrPt-W oxide, a CoCrPt-Co



«cont.ains at |least Co and Cr as nmagnetic grains and a grain boundary portion
of t-he magnetic grains preferably contains at | east one or two or nore

el ements selected froma Si oxide, a Cr oxide, a Ti oxide, a Woxide, a Co
oxi de, a Ta oxide, and a Ru oxide. 252gg:i fically, a CoCrPt-Si oxide, a
CoCrPt-Cr oxide, a CoCrPt-Woxide, a Pt-Co 21 oxide, a CoCrPt-Cr

oxi de- W oxi.de, - i.de- i a Pt i L axide, a
G Ru- Y REBPCT e W, REopIReCrpBacRIdlderh clkbPBGERy 8
average grain dj ter of the magnetic crystal parfic]es having the
granul ar %’é‘f‘?’@cgf R Cp pxiderd grisle; Wdtth"e{‘%/%ﬂﬁé’xg'f’pliﬁ to 12 nm The total
anount of the oxides present in the magnetic layer is preferably in the
range of 3 nol eP@ 15 nol e% As a magnetic |ayer having no granul ar
structure, a layer that contains Co and C or is nmade of a magnetic alloy
preferably contBhaaveeagetgrais demeingrlof theadagrie€io 5iyjstal Parhielesrhaving the gramdardi ng
medium 30 is a so-called discrete type magnetic recordi ng medi umin which

t he magnelenir@ &oprefehiblPal the Fhgd6a 1 he W82 i iR WRYBRblLf Jresosding | ayer
34 is magnetically separated by a region (for exanple, a non-magnetic

regi on or ' 2 ' iV r i Sar Y, ut % W th
Faapect 1B REH L ritentlf, Blofs BRECLY in R aer TARGRPER Iomdety, W%
characteristics . are.modified. 15[0052 In the discrete t ghetic
Fecor di noMEULGHRSSS AL EFing 2 SARTe. hlayprae plad i A Ghf i ARS ARC <
preferably set to 200 nmor less and a wdth L2 of the nodified region 38

i s pref er apagnaisalloy peferahiy coptaimiag Pt i expaplifigthet i ¢ recording layer 34 in
order to increase the recording density. A track pitch P (=L1+L2) of the
magneti c recordiffgl20medi um 30 is preferably set to 300 nmor less, and is
preferably narrowed as far as

10 The magnetic recording medium 30 is a so-called discrete type magnetic

recording medium in which the magnetic recording pattern 34a formed in the magnetic
recording layer 34 is magnetically separated by a region (for exampie, a non-magnetic
region or a region at which a coercive force is reduced by about 80% with respect to the
magnetic recording layer 34) 38 at which magnetic characteristics are modified.

15 | [0052]

In the discrete type magnetic recording mediﬁm 30, a width L1 of the magnetic
recording pattern 34a is preferably set to 200 nm or less and a width Lé of the modified
region 38 is preferably set to 100 nm or less in the magnetic recording layer 34 in order
to increase the recording density. A track pitch P (=L1+L2) of the magnetic recording

20  medium 30 is preferably set to 300 nm or less, and is preferably narrowed as far as
possible to increase the recording density.

[0053]

The protéctive layer 35 may be made of a generally used material of a magnetic
recording medium. - Examples of the material include lcarbonaceous materials such as

25  carbon (C), hydrogenated carbon (HXC), carbon nitride (CN), amorphous carbon, and



+possible to increase the recording density. [0053] The protective
| ayer 35 may be nmade of a generally used material of a magnetic recording
medi um Exanples of the material include carbonaceous materials such as
25carbon (C). hydrogenated carbon (HXC % carbon nitride (CN), anorphous
car bon, and 22 silicon carbide (Si O, 3%|02 Zr 203, and Ti N. Further, the

Prot et e TR e 20 Sty ket VB PSS e ¢ 10

.nm thedstanc etweenth magnet.i c. he nd the gnetlcla er 37

[ ncr cases|AVAHEMGY R0 &1 TS e agaﬁwle?téﬁt ﬁﬁlﬁnfheath B‘E?tsﬁﬁfhed%%‘ieé‘é‘teerl stics
may 5not be obtained, the thickness of the protective |layer 35 is

pr ef er abl lay¢re¥sis greater timnnlie nop,0b& distance betwearhéie megngtocaaad mpdtheamag@éccan be
formed by applying, for exanple, a fluorine-based |ubricant such as

“per f | uor opgtyEtiRekaseh | UDhérefet« dinat drhyalficiait iffuuaid aapecthaackextydsimayaci d, a
carbon hydri de-based | ubricant, or a lubricant fornmed of a m xture

10t herseof n@rbe lbimidoiHR Thickifes! ame p?(ﬁectﬁ@rlﬁ}l%?[’aa 1§151@fehfvlm&@§§ﬁn ) nhie
| ubri cant menbrane 36 is generally in the range of about 1 nmto about 4

nm [ 0055] oosf} lubricant that is chemcally stable and has |ow
friction and | ow adsorption is suitably used as an unrefined | ubricant

OETer a1 10 | R SRET et e RS B bR 2T S 2 @
perfl uor 088$r¥n%tbha§gd ﬁltbaggntt gtrlc(?l e;ssperf{ueofrgpro?)l?eltg/eruf?l?odrma{e?ioalSc% ol, or fluorinated
carboxylic acid, a carbon hvdride-based lubricant, or a lubricant formed of a mixture
10  thereof on the protective layer 35.  Further, the thickness of the lubricant membrane 36
is generally in the range of about 1 Inm to about 4 nm.
[0055]
A lubricant that is chemically stable and has low friction and low adsorption is
suitably used as an unrefined lubricant generating a lubricant.  Specifically, fluorine
15 resin lubricant such as a perfluoropolyether-based lubricant containing a compound that
has a perfluoropolyether structure is preferably used.
[0056]
A kind of perfluoropolyether-based lubricant, a lubricant combined of a circular
triphosphazene-based lubricant and perfluoropolyether-based lubricant, or a lubricant
20  combined of a perfluoropolyether compound having a phosphazene ring in a terminal
group and a perﬂuoropolyethcr compound having a hydroxyl group in a terminal group
may be used as the perfluoropolyether-based lubricant.
[0057]

Examples of the Iubricant containing a compound having a perfluoropolyether

25  structure include Fombline Z-DOL (product name) and Fombline Z-TETRAOL (product



%« A ki:nd of perfluoropol yether-based |ubricant, a |ubricant conbined of a
circular triphosphazene-based | ubricant and perfl uoropol yet her-based
| ubricant, or a lubricant 20conbi ned of a perfl uoropol yether conpound
havi ng a phosphazene ring in a ternlnal group and a perfl uoropol yet her
conpound haV|ng a hydroxyl group in a £3r mi nal group may be used as the

fl th d Ex | f h
b | cant b PO deR0 BY Sy Shisk Rl nén e‘%&v ey e s uet ur e

i ncl ude Fonbline Z-DOL (product nane Ilne Z- TETRAQL (product 23
name) prod E’B@%P s?nsthaé%ijlu@ma@ﬂ@ludpﬁg lmwr hparae)grodyced BY r cul ar

tri phosphazene-based | ubricant includes X-1p (product nanme) produced by
DowCheni cRpwCbemidat do., Atd. exlsmprampdé of the ppelubrapotsthesr yempeunddmypnd havi ng
a phosphazene ring in a termnal group includes MORESCO PHOPHAROLA20H- 2000
5 ( pr oducphaspliepngring iicegrhinaMabap inchale OMORES€ArRHIOPHAROI(AZIRESCQ) . [ 0058]
Subsequently, the lubricant obtained in this way is solved in a solvent and

an app i cgfrbdidt harﬂéalﬁoddcbmuy%{tumlirsmmeswch GrigNEdRYSEO) tabl e for an

application nethod’'i's prepared. A fluorine-based solvent or the like as in
a solvent dil utf the 10above- described lubricant is used as the sol vent
to be used here %059] Next the application solvent obtained in

this way is appli,ed to.t p l.a met hod i

R P ORI T e M RN MR
method is a nethod of formng the |ubricant nenbrane with a constant

15t hi ckne%i%i’llé?f'(t%‘él%%ﬂfoéﬂébluéﬂcqfﬁ)ewﬁb auersityvaitpbly & apfapplieatiop matirshist i ¢
substrate by putting an application solution into the i mersion tank of a
di p appl i prepired déviuosne-basedssivanf arltke hicnasagrselvient diiisgtlat e in whi ch each
| ayer is formed up to the protective layer into the i nmersion tank, and

t hen r(ai sitvgetdescrived iuthigaetis aseauls stig @llent fooke dske hererer si on tank at a

pr edet er mi ned speed.

[0059]

Next, the application solvent obtained in this way is applied to the protective
layer. A dipping method (dip application methéd) is used in an application step. The
dip application method is a method of forming the lubricant membrane with a constant

15  thickness-on the surface of the protective layer of the non-magnetic substrate by putting
~ an application solution into the immersion tank of a dip application device, immersing
the non-magnetic substrate in which each layer is formed up to the protective layer into
the immersion tank, and then raising the non-magnetic substrate from the immersion tank
at a predetermined speed.
20 [0060]
Magnetic Recording and Reproducing Apparatus

Next, a magnetic recording and reproducing apparatus (HDD) according to -the
invention will be described.

For example, as shown in FIG. 12, the magnetic recording and reproducing

25  apparatus according to the invention includes the above-described magnetic recording



+ 20[.0060] Magnetic Recordi ng and Reproduci ng Appar at us Next, a
magneti c recordi ng_ and reproduci ng apparatus (HDD) according to the
invention will be descri bed. _ For example, as shown in FIG 12,

"the magnetic recording and reproduci ng_25apparatus according to the
i nvention includes the above-descri bed24mgneti c recording 24 nedium 30, a

rotation dri.Vvi unit .51 that rotatably drjves the magnetic regcording

redt um 3oed i pukdavias bR 5TV rafehly' Fives MRt pb sl B and
~reproduci ng operatians on the nmagnetic recordi ng nedium 30, a head driving
unipt 53 twg@wre&%@ m%e%bff?ét%h%@safomzs feqordingenesationand senreducie t he
magneti c recordi ng nmedium 30, and a 5recordi ng and reproduci ng signal

pr ocessi ngpesstme on B mhgrtetic mgnording meidgmaB0.iattead dhigingagitei3i thatheacks B& and
reproduces a signal output fromthe magnetic head 52. [0061] Since the
magnet i ¢ megmetidihegd 5Mih 4 ediabditedtion odamagnesic Ue@sdihg thedluay 80.dadar i bed

di screte type magnetic recording nedium 30, witing blur in the 10magnetic

recor &y NOre@hkdirCandBeNBliGng SEM Prat@sdiRSiy4Bnd 94 tde %h@a@élﬁ? Hfg@ thehi gh

surface recording density can be obtained. That 1s, since

above- desgr | ' NG, ' [ .t gnetic

recordi ngﬁg%%%ggg%gg%%’%‘(ﬁgbgogjgg%aﬁ%%gkﬁmaég?}gtﬁe }rﬁégrgertl ih%gd ensity can be
configured. Fur @g@ since the recording tracks of the nmagnetic recording
medi um 30 are d«fo ssed di scontinuously, the width of a reproduci ng 15head
is configured to be narrower than the width of a recording head in order to
el i m nate the |YPFUBAEAZBEtIQIsEOHHIgRdiroRIPAHNG ARDaEALES wes teea of a track
edge portion according to the related art. However, the width of the

r epr oduci shyverelastribad diseretotypé gugedictrecdydinglmaium 30, writing blur in the

10 magnetic recording on the magnetic recording medium 30 is eliminated and high surface

recording density can be obtained. That is, since the above-described magnetic
* recording medium 30 is used, the magnetic recording and reproducing apparatus with a

high recording density can be configured. Further, since the recording tracks of the
magnetic recording medium 30 are processed discontinuously, the width of a reproducing

15 head 1s configured to be narrower than the width of a recording head in order to eliminate
the influence of the magnetization transition area of a track edge portion according to the
related art. However, the width. of the reproducing head can be. configured to be almost
the same as the width of the recording head for an operation. Thus, the sufficient
reproduction output and a high SNR can be obtained.

20 [0062]

When a reproducing head of the magnetic head 52 is configured by a GMR head

or a TMR head, a sufficient signal intensity can be obtained even at a- high recording
density, and thus the magnetic recording and reproducing apparatus with a high 'recording

density can be realized. Further, ‘when the rriagnetic head 52 floats at a height lower

25  than a magnetic head according to the related art Within the range of 0.005 um to 0.020



‘the..same as the width of the recording head for an operation. Thus, the
sufficient reproduction output and a high SNR can be obtai ned. 20[ 0062]
When a reproduci ng head of the magnetic head 52 is configured by a @ VER
head or a TMR ‘head, a sufficient signal _intensity can be obtained even at a
hi gh recordi ng density, and thus the n%%netic recordi ng and reproduci ng
apparatus with a high recordin ensity can ealjzed.. Further, when the
mmonet o HBath adod o8 Thpreyedhdh hieh e abs SRR R teadanrd g TS A or di ng
to the related art within the range of 0.005 tmto 0.020 25 wn, an out put
can be i npegnetid regodding Adyreprqsiigingtappargiug votna laegeatapadityaund hagharelinibityt he
magnetic recording and reproduci ng apparatus with a large capacity and high
reliabilitan begmovidedr ovi ded. [ 0063] 5When a signal processing circuit
conform ng to a maxi num | i kel i hood decodi ng nethod is conbi ned, the
recordi ng densuggagan be further inproved. The sufficient SNR can be
obt ai ned even en recordi ng and reproduci ng operations are perforned at a

track gdensity ofp10Q 3%351&98&%19%@&6& E&{f&ﬂmiﬁ%ﬁ 3 pakfaifth ﬁk&%o%ﬂ’h%&é&{né’f 1000

k bit/1nch or nore, recording density S Oof nore per

square inch, 10[0064] The invention.is broagdly applicable to netic
acor di ng R SR, MegRENRE Esiboss s uater R EE r nt MRS bt er ns
MP. Exanples of the magnetic recording nmedi um having the nagnetic recording
patterns PNRIcgade gbtaingdicxen yhen ecaukingang rapioducing epCTAEYWEES BerfrEsAdf ag
patterns are arranged at every bit in accordance with 15given regularity,
medi a i n tndkalensitoeletO00k trankdnch ergmprst a Enegecardngderany eti1 009 kabitiieblorst at e,
and magnetic recordi ng nedia which have a servo signal pattern. O these
medi a, th@ote)usdi teebrdise demsfte bADHYGanElor athré persouaalihehd di screte type
magnetic recording nedia in which the magnetically separated nagnetic
recorg@ ng pat t qppsqjar e magnetic tracks and servo signal patterns in terns
of manufacturing sinplicity.

The invention is broadly applicable to magnetic recording media having
magnetically separated magnetic recording patterns MP. Examples of the magnetic
recording medium having the magnetic fecording patterns include so-called patterned
media in which magnetic recording patterns are arranged at every bit in accordance with

15 given regularity, media in which magnetic recording patterns are arranged in a track state,
and magnetic recording media which have a servo signal pattern.  Of these media, the
invention is preferably applied to so-called discrete type magnetic recording media in
which the magnetically separated magnetic recording patterns are magnetic tracks and
servo signal patterns in terms of manufacturing simplicity.

20 Examples

-[0065]

Hereinafter, the advantageous effects of the invention will be further apparent
according to examples. The invention is not limited to the examples described below,
but may be modified appropriately within the scope of the invention without departing

25  from the gist of the invention.



» 20 Exanpl es [ 0065] Herei nafter, the advantageous effects of the
invention wll be further apparent according to exanples. The invention is
not limted to the exanpl es described bel ow, but may be nodified
appropriately within the scope of the inventi.on without departing 25from
the gist of the invention. 26 [0066] PP oduci ng Magnetic Recordi ng Medi um
In the exanpl es vacuum chanber in which an HD gl ass substrate was set
was first exhau@p to be in a vacuum state of 1.0x10 Pa or less in
advance. The (gl a 55ub§\traéiegé&(}3e used here was nade of a crystallized
gl ass hav?rr‘?&“ Ing gfaggelic Agcogen WP 203- K20, MO P205, and Sb203-ZnO as
constituent conponents. The outer dianmeter was 65 nm the inner dianeter
was 20 nm t he Intthekxampdespayaongn ohambendn whishandilaglass substiate waswefhwiasss  ( Ra)
was 2 angstrons. [0067] 10Next, a FeCoB filmw th a thickness of 60 nm as

the soft fingeausied &Yy in svabuurhistae ¥ L.0x Bt P GKBLSE a@Vant) ”Fh@%las*.she
internediate | ayer. a 70Co-5Cr-15Pt-10Si02 alloy filmw th a thickness of a

magnet ¢ Eoraing PR ErrAnihald Al Ahiozed PRERTR S ARERE®S i as
;heDCpggfj'? 5&@’%@%@% g aﬁg %Hf@t-{{]ggé lé%fé)l%iﬁé\%%# gcgr&;?or}le%g? th gﬁters ilgr'snte e?t e by
was 65 mm, the inner diameter was 20 mm, the thickness was 0.8 mm, and the average
Surface roughness (Ra) was 2 angstroms.
[0067]
10 | Next, a FeCoB film with a thickness of 60 nm as the soft magnetic layer, a Ru
film with a thickness of 10 nm as the intermediate layer, a 70Co-5Cr-.15Pt-IOSi02 alloy
film with a thickness of a 15 nm or a 70Co-5Cr-15Pt alloy film with a thickness of 14 nm
as the magnetic recording layer, and a CVD carbqn film with a thickness of 5 nm as the
protective layer were sequentially laminated on the glass substrate by a DC sputtering
15 method.
[0068]
Example 1
| In Example 1, the lubricant was applied to the magnetic recording medium
produced in the above-described way. Specifically, an application solution in which the
20  lubricant was solved in a solvent was applied using a dipping device in accordance with a
dipping method, and the lubricant membrane with 1.5 nm was formed on the surface of
the protective layer of the magnetic recording medium.
[0069]

The same dipping device as that shown in FIGS. 1 to 4 was used as the dipping

25  device. Specifically, a pair of support plates with a thickness of 0.2 mm was provided



»In Exanple 1, the lubricant was applied to the magnetic recording nmedi um
produced in the above-described way. Specifically, an application solution
in which the 20l ubricant was solved in a solvent was applied using a
di ppi ng device in accordance with a digging met hod, and the | ubricant
menbrane with 1.5 nmwas forned on the<surface of the protective |ayer of

the magnetic recordin iu . 0069 The sa di ppi ng devi ce
bt et ShottetRF RfiaBe oSt i an SO aLor Stom e mpsnsP G SREg MeBR Wit
Specifically, a. pair_ of support plates with hi ckness of 0.2 _rmm was
provi ded agiegs) "ﬁ%ﬂﬂéiq?ér RISV 98 OO maP U V-sHARCA EEVZ IPOBIONS OFiHE Meffe
magneti c recording nedia were arranged in parallel at an interval of 6.35
mm i n t heof\supperp plategr sehbe plits widraswith 0@ 3 parh anda depth b Ot5 pmawers, and t he
slits with a wwdth of 0.3 mMmand a depth of 0.5 nmm were provided at the
posi t i onspratidathacthe phsitiomna wiich tha ifiret eircesfeaincéhsf thagagidtic reqedindi ng
-bnedi a cane into contact with the support plates. Further, the

I qui & cuhbdinGamb #it6 ToRERtwit MRshpsort PURE. ERglehepfthd h@ui&léﬁﬁi?ngtplaﬁés%e%ﬁ al ong
the inner circunferences of the nmaghetic recording nmedia were provided with

the spaceggf, fje ﬁ)“%ﬂ&‘r Jrafe %pg%ﬁéé%?sﬁoﬁ%@@%@l‘ cf W@Fésﬁt@@gﬁﬁﬁﬁg

ci rcunferences of e magnet| ng nedi a an
plates. The l.ength.of each |iguid-cuttin l.at e was set. to 1Q 10[ 0070]
Forbl | ne BSAEREAREdE prefRoyidsd il (e st BEO Sy dPPag T Sthesime MFRE! st he
conmpound havi ng a perf] uoropol yet her structure was used as the |ubricant.
Furt her, Bedwesrethe ymer girguiseensesef)the peanctisdeenyding mndia and the |iquid-cutting
Fl uorochenicals Co., Ltd. was used as the solvent used to solve the
| ubri cantplatthe thmnleegthrodeadnipfid-chiging phaté wanset knlQ me.15appl i cati on sol ution
was set to 0.3 mass% The raising speed of the magnetic recordi ng nmedi um
was st to 3 mmosrglond and the application thickness was set to 15
angstrons. [0071] _ _ _
Fombline Z-TETRAOL (product name) produced by Solvay Solexis, Inc. as the
compound having a perfluoropolyether structure was used as the lubricant. Further,
Vertrel XF (producé name) produced by Dupont-Mitsui Fluorochemicals Co., Ltd. was
used as the solvent used to solve the lubricant. The concentration of the lubricant in the
15  application solution was set to 0.3 mass%. The raising speed of the magnetic recording
medium was set to 3 mm/second and the application thickness was set to 15 angstroms.
[0071]
Comparative Example 1
In Comparative Exafnple 1, the lubricant was applied to the magnetic recording
20  medium, as in Example 1, except that the liquid-cutting plates were not provided in the
dipping device.
[0072]
Evaluation of Magnetic Recofding Medium

The thickness distributions of the lubricant membranes of the magnetic

© 25 recording medium produced according to Example 1 and Comparative Example 1 were



» Conpar ati ve Exanple 1 ~In Conparative Exanple 1, the |ubricant was
applied to the magnetic recording 20nmedium as in Exanple 1, except that
the liquid-cutting plates were not provided in the dipping device. [0072]
Eval uati on of Magnetic Recordi ng Medi um The t hi ckness

di stributions of the lubricant nenbran® of the magnetic .25 recording

medi um produced, according tqQ. Exanple 1 and Conparative.Exanple 1 were 28
Teasur ed. Mg, dpsausdss fismip o dREsred AP e an B SRS ot  cal
surface inspectiaon device, Candela 6100 (product nane) made by KLA- Tencor
Co., Ltd ipepsytion deviey. Gaadela ©66@Q,(rrodychname mﬁijﬂé’thArj@@é@fﬁ%gL%’é&sﬁm
according to Conparative 5Exanple 1, a striped pattern caused due to the
application irr[@8@larity of the lubricant nmenbrane was observed in the
straight line shape fromthe positions at which the inner circunference of

the magneti c re&os eison, ekl mayticBedofding aRdfvaciccotdile tohCorfipdipdve pl ates. In
t he magnetic recordi ng nmedi um according to Exanple 1, however, the striped

pattersn ceugesle dUgsiiBed Bﬁte@rﬁ’@iﬂs&ﬁiﬁ@t@ thd ﬁ@gﬂ&hﬁd i %o&l?arifphﬁf thé'i%iiﬁﬁﬂt

nmenbr ane was not 10observed at a Furt , e variation I n the thickness

of the | ' - : ' o din
Conpar at ﬁ@éﬁ@gﬁpﬁ %?gﬁcgd @ﬂg% %&1%%&1& ghép@q“ro% {Heq)%gltlgﬂ Lt%lﬂclg)ﬁl%qﬁﬂ/e?
circumference of the magnetic recording medium came into contact with the support
plates. In the magnetic recording medium according to Example '1, however, the striped
pattern caused due to the application irregularity of the lubricant membrane was not

10  observed at all. Further, the variation in the thickness of the lubricant membrane caused

due to the striped pattern observed in Comparative Example 1 was +2 angstroms.

DENOTATI ON OF REFERéNCE NUMERALS
[0074]
15 1: immersion tank
2: hanger device
3: raising and lowering device
4a, 4b: support platé.
5: groove portion
20 6slit
7a, 7b: liquid-cutting plate
8: support pole
9: nut section
10: lead screw

25 11: driving motor



+ DENGTATI ON OF REFERENCE NUMERALS [ 0074] 151:
- rai sing and | owering device 4a, 4b:
portion 206:
‘'section 10:

devi ce 3:

| ayer 32:

10

soft magnetic |ayer

30:
| 31:
32:
33:

34.

magnetic recording medium
non-magnetic layer

soft magnetic layer
intermediate layer -

magnetic recording layer

34a: magnetic recording pattern

35

36:
37:
38:

51

.52

53:

54:

: protective layer

lubricant membrane
magnetic layer
modified region

rotation driving unit

: magnetic head

head driving unit

recording and reproducing signal processing system

i mrersi on tank 2: hanger
support plate 5: groove
slit 7a, 7b: liquid-cutting plate 8: support pole 9: nut

| ead screw 29 30: nagnetifgrecording medi um 31:

non- magneti c



»33:. { nter nedi at e | ayer 534: magnetic recording |ayer 34a: magnetic
recording pattern 35: protective |ayer 36: |ubricant nenbrane 37: nagnetlc

| ayer 1038: nodified region . 51: rotation driving unit 52:
magneti c head 53: head driving unit 54: recording. and
repr oduci ng signal processing systen11%0 30 CLAI M5 1. A device for

produci ng a di sk-shaped nmagnetic rec ]\rélg ‘medi um havi ng a central hole,
the device formng a |ubricant nenbrane a surface of the magnetic 5
recordi ng nmedi um by i mrersing the magnetic recording mediuminto an

i mrersion tank that has a liquid lubricant and then raising t he magnetic
recordi ng medium fromthe i nmersion tank, conprising a hanger
device that is l.nshdevee forpeodusingsedisk-shapedmeg nﬁthtrh@rdmgrmftdulﬁn heviogdi ng
medi um and supports the nmagnetic recording mediumin a hanging state; and
' central hole, the device forming a lubricant membrane on a surface of the magnetic

5 recording medium by immersing the magnetic recording medium into an imrﬁersion tank
that has a liquid lubricant and then raising the magneti;: recording medium from the
. immersion tank, comp.rising:
a hanger device that is inserted into the central hole of the magnetic recording
medium and supports the magnetic recording medium in a hanging state; and
10 - araising and lowering dcviée that raises and lowers one of the hanging device
and the immersion tank with respect to the other thereof, |
wherein the hanger device includes a support plate of which an upper end comes
into contact with an inner circumference of the magnetic recording medium and a
liquid-cutting plate which extends from a lower end of the support plate and is distant by
15 aspace along the inner circumference of the magnetic recording medium from the inner

circumference of the magnetic recording medium.

2. The device for producing the magnetic recording medium according to
Claim 1, wherein the hanger device includes a pair of support plates of which upper ends
20 come into contact with the inner circumference of the magnetic recording medium and a
pair of liquid-cutting plates which extend in Opposite directions to one axiother from
lower ends of the pair of support plates and is distant by a space along the inner
circpmference of the magnetic recording medium from the inner circumference of the
magnetic recording medium. | |

25



+10a sraising and | owering device that raises and | owers one of the hanging
device and the imersion tank with respect to the other thereof, wherein
t he hanger device includes a support plate of which an upper end cones into
contact with an inner circunference of _the nagnetic recording nmediumand a
i quid-cutting plate which extends frofla | ower end of the support plate

and is distant py 4d5a, spa al ong the inner circunference of the nmagnetic
recordi ng medi u?h ffh()tz?ge,[\/ ﬁ:g%?rn%rgﬁu%?g @Sr{?aéng“%reec lfdllj'f%'@e ﬁlrf’@f?rg"}getffor di ng
medi um , 2.. The deyice for produci.ng the gnhetic recordi ng . nmedi um
accor di ngqabmélOéi%mwi‘Fr%é'FiﬁqH‘dfﬂgg%ﬁﬁ@r‘S g"é\;itlHQ‘r@Wé'F QB2 RIGAY PBHOTs yppor t
pl ates of which upper ends 20 conme into contact with the inner

ci r cunf er riclewst endergatime directien o1 whish threliquidncaitio g plataisrsepdrated dwimd- cut t i ng
pl ates which extend in opposite directions to one another from | ower ends
of the paihe imfer sitppnfetenot af e nedeticredoslimprhediyma space al ong t he inner
circunference of the magnetic recording nediumfromthe inner circunference
of the magnetic recording nmedium 31 3. The device for producing

t he magnetic recordi ng nmedium according to Claim1l or 2, wherein the

l'iquid-cutting Lpl aﬁ% de%icg?&.t[F{B%&fﬁgﬁ)%%aofnét(?@}egor@imgdiﬁgl]r&cic%ir}ocba | ower

end thereof in a direction i i ch thed1qulid-cutting ate 1§ separated
fromthe jppner, ciyrcunference of .t nagneti c recor.djn dium .. 4,
The. dev; BB G5 RoIEYE ier si he COEE G R un| St dBElM A pyiion @ ai m 1
or 2, wherein a lower end of the liquid-cutting plate is |ocated bel ow a
posi ti on &tWhiph amaceHmuatingliayid Rdhq sngee betvgen e lggideautiing neteandfie
l'iquid-cutting plate and the inner circunference of the nmagnetic recording
medi um i simner Gesupfierenceof the magnetis recbnding enedown fsdp bprcoduci ng t he magnetic
recordi ng medi um according to Caim1 or 2, wherein a groove portion

engagiing with the inner circunference of the magnetic recording nmediumis
formed in the upper end of the support plate. 156. The device for producing

the magnetic regorgienfyiERdbSodsGmY teMagheriGedbilim: miiigfelcBording! bt not ched
in a vertical downward direction in the support plate is fo_rrred"ln a bottom
of the 9" Y lpo(?rZE \N?l@rein a groove portion engaging with the inner circumference of the

magnetic recording medium is formed in the upper end of the support plate.

15 6. The device for producing the magnetic recording medium according to
Claim 5, wherein a slit notched in a vertical downward direction in the support plate is

formed in a bottom of the groove portion.

7. The device for producing the magnetic recording medium according to
20  Claim 1 or 2, wherein the hanger device supports a plurality of the magnetic recording

media in a state of being arranged in a row.

8. A method for producing a disk-shaped magnetic recording medium having a
central hole, the method comprising:

25 _forming a lubricant membrane on a surface of the magnetic recording medium



+7. .The device for producing the magnetic recordi ng nedi um according to
20Caim1 or 2, wherein the hanger device supports a plurality of the
magneti c recording nmedia in a state of being arranged in a row. 8. A
met hod for producing a disk-shaped nagnetic recordi ng medi um having a
central hole, the method conpri sing: 254 or ni ng a lubricant nmenbrane on a

surface of the m tic recording nmedium 32 by inmersin e netic
ecor di ng BRI R At s s T b e g thof G TRERE i 1 e
insertin .hanger. device ipto the central hole of the nmagnetic recording
medi um ag'Hg‘é%ﬂ&de*illeriasetf%‘% ﬁﬁaﬂ%@f ﬂ%w?ee%}fgr:ﬁantwiaplsrﬁfithﬁ BAFHGITFP 4Pt e, and
then raising the nagnetic recordi ng nmedium fromthe i nmersion tank,

wher ei n tthediharagdsupportingthegnagoatic tepuling medingl inddangingpte, angthene of whi ch
an upper end conmes into contact with an inner circunference of the nagnetic
recor di ngraivad themagdetic decarding-medidm fignptietimmensiomtankt ends from a | ower end
of the support plate and is distant by a space along the inner

ci rcunference Gihdréia tREEMRE! deviRGO EHMErdREiikdTudd PppbR plAOSF which@HNT er ence
of the magnetic recordi ng medi um

upper end comes into contact with an inner circumference of the magnetic recording

medium and a liquid-cutting plate which extends from a lower end of the support plate

and is distant by a space along the inner circumference of the magnetic recording

medium from the inner circumference of the magnetic recording medium.

10



