DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM AND PRODUCTI ON PROCESS THEREOF
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel at es twoaossrgpesi ¢ recordi ng nedi um used in a nagnet ipcTdPaks/Orssye or

ot her magnetic recording devicg) SQEI% ﬁg@duction process thereof.
Description of Related Art Har g ? €s, which are magnetic recording
devi ces used as storage devices of information processing devices, are
provided with a nmagnetic head for playback and recording, and a nagnetic
recor di ng MEGNEMIC RREGERDONG BEDAUMBAKRt PROOUSKIOHY PRQCESBRIHERECF] ayer .
The magnetic layer in a magnetic disk is formed by depositing a
ferromagnetic netal or alloy thereof on a non-magnetic substrate by
sputtering, vapor deposition or electroless plating and so forth. In

general, a so-called Con%ﬁﬁﬁ%ﬁ&ﬁhh%%ho% é%?ﬁvﬂﬁ% is enployed in hard
p 0

di sk drives for recording an ayback ata. In hard disk drives

enpl oyi ng the CSS net hod, the magnetic head is in contact wwth the nmagnetic
disk (to also be sinply referred to as a disk) at the start of operation,
and when the disk begins to rotate, the magnetic head slides over the disk,
and as t Aéelst & f§esgedd st ide di sk i ncreases, the magnetic head lifts

fromthe disk
The present invention relates to a magnetic recording medium

used in a magnetic disk drive or other magnetic recording device,

and a production process thereof.

Description of Related Art

Hard disk drives, which are magnetic recording devices used
as storage devices of information processing devices, are
provided with a magnetic head for playback and recording, and
amagnetic recording medium in the form of a magnetic disk having
a magnetic layer. The magnetic layer in a magnetic disk is
formed by depositing a ferromagnetic metal or alloy thereof on
a non-magnetic substrate by sputtering, vapor deposition or
electroless plating and so forth. In general, a so-called
contact start stop (CSS) method is employed in hard disk drives
for recording and playback of data. In hard disk drives
employing the C3S method, the magnetic head is in contact with
the magnetic disk (to also be simply referred to as a disk) at
the start of operation, and when the disk begins to rotate, the

magnetic head slides over the disk, and as the rotating speed



and recordi ng and pl ayback are carried out in this state. Wen stopping,
the magneti c head again slides over the disk when the rotating speed of the
magnet i c wokosdaereases. I n magnetic disks, in order toPpTAPENS/015304
deterioration of the durability of the magnetic disk due to abrasive danage
caused by sliding contact with the nmagnetic head, a protective filmlayer
and | ubricant |ayer are provided on the magnetic layer to inprove the wear
resi stance of the magnetic disk as well as reduce static friction and
dynam ¢ faf dheodiwfredntcheasegnetthe hegdeand hagdelictpakeosl tide ngi<lont act .
Films such as carbon films, Siq2 , ZrO and other oxide filns, nitride filns

and bori ded kbaBriang dydigaalyine deedeused f&d oultei afiariemankienedypeet ecti ve
filmlayer. In addition, the aforenentioned lubricant |ayer is typically

formed by g @hle%%xf(%ﬁicﬁé%@ Qéa%n'é%tgcgss Re'fr LHOT LR wﬁwgéhgormound

onto the surface of the I n magnetic t he anmounts- an

properties of .freel Vi nol ecul es. 1 n .t q%a ubricant layer along with

nol ecul esroli_‘nattlhneg Isé%erelragaor#gﬁ}h%/é?aqrhea lcbodri]ds oé?%%eas%?? ace of the protective
filmlayer have an inportant effect on wear resistance. For, exanple, if the

anount of frEReMAMRRIGIASKecutRLTRT ke PEBYFREMCHSRGratdabetgieat, the

static friction coefficient
durability of the magnetic disk due to abrasive damage caused

by sliding contact with the magnetic head, a protective film
layer and lubricant layer are provided on the magnetic layer
to improve the wear resistance of the magnetic disk as well as
reduce static friction and dynamic friction when the magnetic
head and magnetic make sliding contact. Films such as carbon
films, Si0,, Zr0, and other oxide films, nitride films and boride
films have typically been used for the aforementioned
protective film layer.

In addition, the aforementioned lubricant layer is
typically formed by coating a lubricant such as a ligquid
perfluoropolyether compound onto the surface of the disk.

In magnetic disks, the amounts. and properties of freely
moving molecules in the lubricant layer along with molecules
in the lubricant layer that bond to the surface of the protective
film layer have an important effect on wear resistance. For
example, if the amount of freely moving molecules in the
lubricant layer is too great, the static friction coefficient

of the disk increases, resulting in increased susceptibility



of the disk increases, resulting in increased susceptibilityto the
occurrence of adsorption phenonena (so-called stiction) between the

magnet i ¢ weadocaneh7di sk. | f the anpbunt is too |ow, the dyganrmosnisses on
coefficient of the magnetic disk surface increases, resulting in decreased
| ubricity and increased susceptibility to the occurrence of the head crash.
In order to reduce stiction, the contact surface area between the head and
disk is reduced by giving a certain | evel of roughness referred to as

t ext uri ngo bhéhedistersig bacedsorpbion mpsricnegnd duoboapd etioseck yn )
irradiating with laser light referred to as |laser texturing. However, the

flying hejeghtectf thBemageeel & hdheadinyahskhe di skhdamdietentl Yoberame
extrenely low at 25 nmor less in order to achi eve higher recordlng

densitiespne B;}ﬁgm'lE fﬁ Bﬁ 8&5@6%%9%{@%5%%;%%%; mgﬁEEE?C&Q}% Sipatdy, a

possi bl e and uce t el ght o aser texturing to
avoi d contact between t dlsk and head %? drIVIng”Ef startin However ,

when thi §17s Sdone’ 5@5 &NQxﬁR/ e%ﬁ%?%ﬁ) l%%ﬁ%: i'dt5 o1 T3hnot  be

adequat el red d .hy bunps formed by | aser textur alone, it is
necessar Iddiithr G0 (The ARsREEER Y Qﬁéﬂﬁrqﬁ feel y nmovi ng
nol ecul es |n the Iubrlcant | ayer as wel | as the nDIecuIes in the | ubricant
| ayer that bohdEdex Heo stpdeee oficheopr otettortact nshafeeecazrprevi ously
descri bed.

between the head and disk is reduced by giving a certain level

of roughness referred to as texturing to the disk surface, or
by imparting low bumps formed by irradiating with laser light
referred to as laser texturing. However, the flying height of
the magnetic head over the disk has recently become extremely
low at 25 nm or less in order to achieve higher recording
densities. Thus, it is necessary to make the disk surface as
smooth as possible and reduce the height of the bumps formed
by laser texturing to avoid contact between the disk and head
while driving is starting. However, when this is done, stiction
conversely worsens. Since stiction cannot be adequately
reduced by bumps formed by laser texturing alone, it is
necessary to also control the amounts and properties of freely
moving molecules in the lubricant layer as well as the molecules
in the lubricant layer that bond to the surface of the protective
film layer as previously described.

The lubricant layer is required to enhance the bonding

strength with the protective film layer accompanying increased



The lubricant layer is required to enhance the bonding strength with the
protective filmlayer acconpanying increasedrecording density. This is
requi r ed woroddmaorreasons i ndi cated bel ow. Hard di sk dri yes/Jezmsbssen ng

i ncreasi ngly conmpact and |ightweight through the use of magnetic heads, MR
el ements, GWR el enents and so forth for the purpose of inproving recording
density, and startup operation is required to be inproved by |owering the
static friction coefficient in order to reduce the initial drive force that
al so constddantddsid Henkaag. onThhe imagrgtiicebdefolr the oedeontalnddtrte=d he
static friction coefficient, it is effective to reduce the amount of

freel ynoWen@wiol geubiesidn diedsubkkoadtohBYEH i aRGHRAS) BEmbAet ol ng
strength between the |ubricant and protective filmlayer. The ranp | oad

net hod h I : i Ly 2i nt lhh.adeition to
e Ss (a E h B o  aE a STERepEag it
met hod that enmpl oys mechani sm by ich a head_evacuation area is provided
noar t he TR SaATEnary COF bR EHY BaCe RS Re iy SoTHER itledtnd! P

evacuati on area when rotation of the disk is stopped. In this nmethod, since

t he head 9§86s ot Mgk & @SR PPRFER 1ORe 18i SRIMMERt he BP skpEOeeGthBnary,

there is said to be no concern over stiction as with the CSS net hod.
However , liverdgicheba static friction coefficient in order to reduce the

initial drive force that also constitutes the load on the
magnetic head. In order to reduce the static friction
coefficient, it is effective to reduce the amount of freely
moving molecules in the lubricant layer by increasing the
bonding strength between the lubricant and protective film
layer.

The ramp load method has also come to be used practically
in recent years in addition to the CSS (Contact Start Stop)
method. The lamp load method refers to a method that employs
a mechanism by which a head evacuation area is provided near
the outer periphery of the disk, and the head is then housed
in that evacuation area when rotation of the disk is stopped.
In this method, since the head does not make contact with the
disk when the disk is stationary, there is said to be no concern
over stiction as with the CSS method. However, it has been
determined that it is necessary to reduce adsorption of the head
to the disk in the ramp load method as well in order to reduce

behavioral changes in the head when the head and disk



determned that it is necessary to reduce adsorption of the head to the
disk in the ranp |load nethod as well in order to reduce behavi oral changes
in the hewmo 2éwmnot7ee head and di ski nadvertently nmake comrtCagP2003/b1s394 it is
inmportant to reduce the static friction coefficient in the ranp | oad net hod
as well. In addition, disk rotating speed has been increased during
recordi ng and pl ayback in order to inprove recording density. In the case
of increasing rotating speed, a so-called spin-off phenonenon occurs in

whi ch | ubimachanrtrtientslgatntadree dothitentto  c€htisi, f iigaksf dbmperténs o resdhcs t he
probl em occurs in which the filmthickness of the |ubricant |ayer

decr easeshd $th8iagaiitidasi cabkgitoehnciease tdigp headimorisdd argidni th the
protective filmlayer in order to prevent spin-off and enhance durability.

Fur t hermor e, 14 hesanded a0 L, HSRY Q&e@@lhﬂgk%%EQEnBQeEQQdaﬂﬂpiﬁ%
I'm| s valu

strength between the lubricant and pfotective filmlayéer. Thi

i ndi cates_t he proport, 9 f.lubrjicant that renmins en magneti ¢ di sk
on wht ch S EsRrER AR BlavRhel hatdr Hoy BLRENELSFINEE FiBfT VL. based
sol vent (for exanple, AS225 manufactured by Asahi d ass_Co., L1d.%%% and
provi des 1& §BReraFe (A PEREESINTt RREBbRAP mPR T efgfA-6R1LRE TR TREht to

the protective filmlayer. Consequently, various types of treatnents have
at t enpt ed®Phedoeneay e utirowhinh |ludieant |y ercdtorenert ¢ig pose of

centrifugal force. As a result, the problem occurs in which
the film thickness of the lubricant layer decreases. It is
again desirable to increase the bonding strength with the
protective film layer in order to prevent spin-off and enhance
durability. Furthermore, the bonded ratio is used as an
indicator of the bonding strength between the lubricant and
protective film layer. This value indicates the proportion (%)
of lubricant that remains when a magnetic disk on which a
lubricant layer has been formed is washed with a fluorine-based
solvent (for example, AS225 manufactured by Asahi Glass Co.,
Ltd.), and provides a general reference of the bonding strength
of the lubricant to the protective film layer.
Consequently, various types of treatments have attempted
to be carried out on the lubricant layer for the purpose of
enhancing the bonding strength of the lubricant layer to the
protective film layer. For example, a method is disclosed in
Japanese Unexamined Patent Application, Publication No.

H11-25452 in which heat treatment i1s carried out on a coated



enhanci ng the bonding strength of the lubricant |ayer to the protective
filmlayer. For exanple, a nethod is disclosed in Japanese Unexam ned

Pat ent Apwbi2o&tdierys Publication No. H | -25452 in which lreatiptsatsoent is
carried out on a coatedl ubricant followed b y ultraviolet radiation
treatnment. In addition, a nethod is disclosed in Japanese Unexam ned Patent
Application, Publication No. H8-124142 in which a lubricant layer is forned
followed b y irradiating the lubricant layer with ultraviolet light at a
wavel engtluba ifcah®0 fiold dk8 rlwn. ulltraadidi td o, adii avet drode i sa tcheset 0osdadh | n
Japanese Unexam ned Patent Application, Publication No. H7-85461 in which a

| ubri cantadd@yelon,s acRat REd0NE s A RpenaefataEBoInBLheaEH VR fdrhin
followed b y irradiation with ultraviolet light. In addition, a nmethod i s

di scl osed i slapanese s R Cis Al eationn FRubld cablon i

H5-217162 in | ubricant 1s coated onto a carbon protective
fol | owed ;h subjecting.-t he treatnent. In,addition, a-method...s

i sl 0sed T P ARENE LR koA RO IPht SHe ApHtY SRR Dt Pake f davean Mg

S62- 150526 i n which laﬁna treatnment is carried out on a_protective film
Hovever , T T PRSI Eh bre o JEEEIEE IS PO TRGACHT OPEBbr AR IO 1 he

prior art in which a lubricant |ayer and protective filmare forned b vy
t hese tr @ab@ehed st Abdslopedvigs JabaneealUnaxampiinilfe tenvaipiet i @2t iewor di ng
medi um i n which the bonding
Publication No. H7-85461 in which a lubricant layer is coated
onto a hydrogenated carbon protective film followed by
irradiation with ultraviolet light. In addition, a method is
disclosed in Japanese Unexamined Patent Application,
Publication No. H5-217162 in which a lubricant is coated onto
a carbon protective film followed by subjecting to heat
treatment. In addition, a method is disclosed in Japanese
Unexamined Patent Application, Publication No. S$62-150526 in
which plasma treatment is carried out on a protective £ilm.
However, in the production processes of magnetic recording
media of the prior art in which a lubricant layer and protective
film are formed by these treatment methods, it was difficult
to produce a magnetic reéording medium in which the bonding
strength of the lubricant layer to the protective film layer
was enhanced without increasing the dynamic friction
coefficient. Consequently, there is a need for a magnetic

recording medium having superior startup operation and

durability while also obtaining adequate surface lubricity.



strength of the lubricant layer to the protective filmlayer was enhanced
wi t hout increasing the dynamc friction coefficient. Consequently, there is
a need fowoaeeegpeti c recording nedi um having superior gtanPps/OEssation
and durability while al so obtaining adequate surface lubricity.In addition,
magneti c recording mediumare required to indicate durability with respect
to corrosion in addition to the aforenenti oned objects. Substrates
consisting of performng NiP plating on an Al substrate and gl ass
substrates céitafdikgor: mpanRhiar seppraanol pedssn foe teguisedmagnetic
substrates used in magnetic recording nedia. In addition, Co-based alloys
are used ifrotiediee mhgredtiilci dyaperth Nespeact Na apdrGsida thet apuecipht abe onto
the surface of the nmagnetic recording mediumif there is a fine protective

film Howgwersfddendre: i@ dbyects mis not fine or small pits form
el ements such as Ni, Li, Na and Co form oxi des and hydroxi des fromthose

locati ons, ag@pbhesee 8NdotPi PE SALPLEALEPEL PR FﬁfPsg§%ﬁgﬁaogntQ§ Amgnetic

recording medium This is referred to as corrosion. A ugh corrﬁ5|ﬁn_ ]
oceurs | MR I, 11 1 BULLY, exsects 2% L e gl The el o
head ends, U501y 489 ! Bnbhe SO gl o Lopeh L ing s 08T SLa80k i
recording media. In addition, Co-based alloys are used for the
magnetic layer. Ni, Li, Na and Co do not precipitate onto the
surface of the magnetic recording medium if there is a fine
protective film. However, if the protective film is not fine
or small pits form, elements such as Ni, L.i, Na and Co form oxides
and hydroxides from those locations, and these end up
precipitating onto the surface of the magnetic recording medium.
This is referred to as corrosion.
Although corrosion occurs in various forms, it frequently
exceeds 25 nm in height. The height of corrosion is typically
100 to 10000 nm. Thus, if corrosion occurs, the head ends up
colliding with the corrosion resulting in head crash.
In consideration of the aforementioned circumstances, the
object of the present invention is to obtain a magnetic
recording medium having superior startup operation and

durability, satisfactory surface lubricity and superior

corrosion characteristics.



In consideration of the aforenentioned circunstances, the object of the
present invention is to obtain a magnetic recordi ng nedi um havi ng superi or
startup operassdmamrand durability, satisfactory surface Ipalwpmiosyisand
superior corrosion characteristics. SUWARY OF THE | NVENTION As a result of
extensive studies to solve the aforenentioned problens, the inventors of
the present invention found that, in a production process in which a
protective filmlayer is surface treated using a treatnent gas activated by
gl ow di scharge pl asnma geneBBMMARUNAEr THEeSBUEETLANt he vicinity of

at nospheric pressure, by using a sine wave high-frequency power supply for
t he power subphyrédaltgenerseérsitvispldstmtonndl winkiel Sfdtemossibhedt o
enhance the bonding strength of the lubricant to the protective filmlayer,

| over t he oAt f et 11 oR Qe 6‘.Eeﬁhe FBB&@M@ %aéﬁ@poﬁp%@ﬁa%a@nhance
durability and obt ai n superlor surface Tubricity, but corrosion properties

I
fﬁCeﬁthnQP Eg{§ﬂﬁg% esenskfﬁggn |gﬁlgngﬁéys % #ﬁ%&ﬁ%ﬁfcons?itution

to achieve t e afor (%loned object rod ctlo roce;g of a
magnet i ¢ |u§ HESHHA Satléf HHF Y | east a

magnetic | ay er
dlscharge plasma generated under pressure in the vicinity of

atmospheric pressure, by using a sine wave high-frequency power
supply for the power supply that generates the plasma, not only
is it possible to enhance the bonding strength of the lubricant
to the protective film layer, lower the static friction
coefficient, improve startup operation, enhance durability and
obtain superior surface lubricity, but corrosion properties can
also be improved, thereby leading to completion of the present
invention.

Namely, the present invention employs the following
constitution to achieve the aforementioned object.
(1) A production process of a magnetic recording medium
comprising sequentially laminating at least a magnetic layer,
a protective film layer and a lubricant layer on a non-magnetic
substrate, and surface treating the protective £ilm layer using
a gaé activated by plasma generated under pressure.in the
vicinity of atmospheric pressure; wherein, a sine wave
high-frequency power supply is used for the power supply that

generates the plasma.



a protective filmlayer and a lubricant |ayer on a non-magnetic substrate,
and surface treating the protective filmlayer using a gas activated by

pl asma gewenradsadowreder pressure in the vicinity of atnogphgpr2osprsesure;
wherein, a sine wave high-frequency power supply is used for the power
supply that generates the plasma.(2) The production process of a magnetic
recordi ng nmedium as described in the aforenentioned (1), wherein the
frequency of the power supply is within the range of 1 kHz to 100 kHz. (3)
The produ@)i on Precessdottaonagnetessretor diagneedt uneasrdiésg rindatunn t he
aforenentioned (1) or (2) , wherein the plasma is gl ow di scharge pl asma.
(4) The prsodesiirdibepr QaeEEe off Grdmbgnel drted eCor,divhg regdi Uneasrégsentped in
any of the aforenmentioned (1) to (3), wherein the surface of the protective

filmlayey ihd R M f;ﬂ g ke aehiivated gasgaf ber 1f ennipg 1hHe photective
filmlayer, followed by rmati on of the lubricant |ayer. (5) e

5) Th
producti om procass E?%?&FH@%Q‘? bgﬁéé’gé’ré}'# R% %’18{’1 Srgé?é?{iiz]?g 839y of

t he afore nti oned erern confar ns one type

(6) “The” FrodaTor Bl ctbsdhar Cﬁeﬁ%\%{iﬁﬁo@f G o7 Tk o egadr"é‘s%?%%ﬁ”. "
any of trlloela%fmoar %.rrsenéioovg]ecgls(clgaéé)e (pS aéma\lAherel i
(4) The production process of a magnetic recording medium
as described in any of the aforementioned (1) to (3), wherein
the surface of the protective film layer is treated using the
activated gas after forming the protective film layer, followed
by formation of the lubricant layer.
(5) The production process of a magnetic recording medium
as described in any of the aforementioned (1) to (4), wherein
the gas contains at least one type of gas selected from the group
consisting of nitrogen, oxygen and argon.
(6) The production process of a magnetié recording medium
as described in any of the aforementioned (1) to (5), wherein
the plasma generated at a pressure in the vicinity of
atmospheric pressure is a plasma generated by applying an
electric field between opposing electrodes.
(7) The production process of a magnetic recording medium
as described in the aforementioned (6), wherein the opposing

electrodes are arranged at an angle of 1 degree to 45 degrees

from perpendicular to a treated substrate in which at least the



the plasma generated at a pressure in the vicinity of atnospheric pressure
is a plasma generated by applying an electric field between opposing

el ect r odewo 2006)0191vé pr oducti on process of a magnetic reeordemgsnesdium as
described in the aforenmentioned (6), wherein the opposing el ectrodes are
arranged at an angle of 1 degree to 45 degrees from perpendicular to a
treated substrate in which at |east themagnetic |ayer and protective film
| ayer are forned on the non-nmagnetic substrate. (8) The production process
of a magnetgreetrier dratieny amedli proteecidieseribed 1ayeheand of eneed i onedh¢ 6)
wherein the opposing el ectrodes are fornmed perpendicular to a treated

substr at exdrirmdyredt iad deastrdthe. magnetic | ayer and the protective film
| ayer are forned on the non-nmagnetic substrate. (9) The production process

of a magngf) ¢ regorgioguledbHM aScd8sChE bednignthec aforgrENh L 0R8L: (f) |
wherein surface treatnment is carried out on the protective filmlayer by

ar r angi ng, 2 4J.eahed SUBSLEQ eeollthlilnal |83t Lhe FRODELI ¢ bayer and the

protectiv Smlayer are tormed on the non- gnet'i'c “subs _ _

o um S ST 77 ARFTGR DRECHROHGHLRFi ned EOF E0 LOPS RAFCrh

S e 18 M e Raghet Y 2 Ty and the rotactive £i1m layer
are formed on the non-magnetic substrate.
(9) The production process of a magnetic recording medium
as described in the aforementioned (6), wherein surface
treatment is carried out on the protective film layer by
arranging a treated substrate, in which at least the magnetic
layer and the protective film layer are formed on the
non-magnetic substrate, between the opposing electrodes.
(10) The production process of a magnetic recording medium
as described in any of the aforementioned (1) to (9), wherein
surface treatment using the activated gas is simultaneously
carried out on both sides of a treated substrate in which at
least the magnetic layer and the protective film layer are
formed on the non-magnetic substrate.
(11) The production process of a magnetic recording medium
as described in any of the aforementioned (1) to (10), wherein
the non-magnetic substrate is one type of substrate selected

from a glass substrate and a silicon substrate.

(12) The production process of a magnetic recording medium

10



carried out on both sides of a treated substrate in which at |east the
magnetic | ayer and the protective filmlayer are forned on the non-nmagnetic
subst r at ewo(2dds)019tvé producti on process of a magnetic reeordergsnesdiaum as
described in any of the aforenentioned (1) to (10), wherein the

non- magneti c substrate is one type of substrate selected froma gl ass
substrate and a silicon substrate. (12) The production process of a
magneti ¢ recordi ng medi unas described in any of the aforenentioned (1) to
(10) , waer deacrhbedoin magnetfi the ubserenenthibened f (1) mtookpPi sechefeNh P or
Ni P alloy formed on the surface of a base conprised of one type of materi al
sel ect ed threoApAl-madhetlioyubgk 2aseands si | 000 .cofbI)i sk dregnytibcor ecor di ng
medi um produced according to the production process of a nagnetic recording

redi um as 1descEbbadal on A urihtsaber MBRLL 0N8thAiled O 12k £ypdde A

magnetic recording and pl ayback devi ce provi e with a nagnetlc recordi ng

medi um agd 3 JJagnelly (541 \g{?ﬁ& Alec‘%xtlhsalai% s Pagky dal g é(}lﬁo sai d

magnet i c reco ing ne ererd e A det ¢ recording un1|s t he

nmagneti c or di nedi n1a descri bed i.n the afor nentlo 15) A
oS e o el S R e Eo i Per R e R RO URISES 128 od gas

by generati ng plasna by applying an electric field between opp05|ng
eIectrodé@“%#ﬁﬁﬁioﬁrﬁ§§9?ésl a magnetic recording medium as described

in any of the aforementioned (1) to (12).

(14) A magnetic recording and playback device provided with
a magnetic recording medium and a magnetic head that records
and plays back data onto saidmagnetic recording medium; wherein,
the magnetic recording medium is the magnetic recording medium
as described in the aforementioned (13).

(15) A surface treatment device that has the function of
forming an activated gas by generating plasma by applying an
electric field between opposing electrodes under pressure in
the vicinity of atmospheric pressure, and radiating the
activated gas onto the surface of a treated substrate in which
at least a magnetic layer and a protective film layer are formed
on a non-magnetic substrate.

The invention of the present application is similar to
Japanese Unexamined Patent Application, Publication No.
S62-150526 in that it uses plasma to improve the surface
characteristics of the protective film. However, in contrast

to the technology described in Japanese Unexamined Patent
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the vicinity of atnospheric pressure, and radiating the activated gas onto
the surface of a treated substrate in which at |east a magnetic |ayer and a
pr ot ect i weof2ndemiberger are formed on a non-nmagneti ¢ substcatie200dbessonvent i on
of the present application is simlar to Japanese Unexam ned Patent
Appl i cation, Publication No. S62-150526 in that it uses plasma to inprove
the surface characteristics of the protective film However, in contrast to
the technol ogy described in Japanese Unexam ned Patent Application, First
Publ i cat ifgiPINsatSem 150526 i d et oen i ashiel t 1 2% 2encainyingaeuwum t he
invention of the present application is quite different in that plasm

t r eat nentplissnEarriestnoutt atn e prassum e e tihevenicion tyf ofhat pospéeti c
pressure. |If plasma treatnent is carried out in a vacuum since the

act i vat ehdpleiadatein gas Aotacd st tdeestirincendf pheshs ot eshinentile wi t hout
| osing hardly any of its activity, a portion of the protective filmitself

ends up_bei:na o chiad 21O e IS fiekhe 1134 1epLie0E gagolsused that has

been treated with plasna a pressure in the vic nospheric

AR IR e L Tt L
densi ty. Lherehy nigking Lt sui table for surface treatpent of the protective
protective film without losing hardly any of its activity, a
portion of the protective film itself ends up being etched. On
the other hand, if treatment gas is used that has been treated
with plasma at a pressure in the vicinity of atmospheric
pressure, its activity decreases due to the frequent occurrence
of collisions between its molecules due to its extremely high
molecular density, thereby making it suitable for surface
treatment of the protective film. In addition, the wvacuum
device used for plasma treatment in a vacuuﬁ is large due to
comprising components such as a vacuum chamber, exhaust pump
and transport system for transporting from atmospheric pressure
to a vacuum, and also ends up being expensive. On the other
hand, in the case of treating with plasma at a pressure in the
vicinity of atmospheric pressure, vacuum equipment is not
required, making it possible to achieve simplification of the
device and reduced costs.

In addition, in the production of a magnetic recording

medium, a step is typically contained in which, following

12



device used for plasma treatnment in a vacuumis |arge due to conprising
conponents such as a vacuum chanber, exhaust punp and transport systemfor
t ranspor twogodsaamrat nospheri c pressure to a vacuum andpalrgezenis3ep bei ng
expensive. On the other hand, in the case of treating with plasm at a
pressure in the vicinity of atnospheric pressure, vacuum equi pnent is not
required, making it possible to achieve sinplification of the device and
reduced costs. In addition, in the production of a magnetic recording

medi um degosp-tien pii thkl yrevachinedt i mwhitth,s Welshew wgdbpasiidqwidof the
protective film it is washed with a liquid such as water, acid or base to
renove dugsich hatvaltes becbde rasher ed rnersivdedt bt thadlivas dedone. adliie pd@asm
treatnment is carried out in a vacuum surface nodification characteristics

end up deheriqer ahknNgasauRr gb¥isincert ha et ecliavachid Mssysfaceqends up
getting wet in the subsequent washing step. Although plasma treatment nust
be carried Qut,Alel thE MOSHINGHCR L0 PIAVBN A ey SLOCEE Ry T equiTes
an addi tional vacuurh device, there’is a considerabl’'e increase it costs. On
t he othe%.Q%pd, in.the case gf carr¥ug? outﬁpl st %n atnen% at tnﬁé
vi ci ni ty 95 Sa8EPHEH EFPESsdr BINGR t Erali o - tite Tdelh EBTFECROt“Hecessary
even if carried out after a washing step, thereby not Ieadin% to any
i ncr easedd gebbing wet in the subsequent washing step. Although plasma
treatment must be carried out after the washing step to prevent
this, since this requires an additional vacuum device, there
is a considerable increase in costs. On the other hand, in the
case of carrying out plasma treatment at the vicinity of
atmospheric pressure, alteration of the device is not necessary"

even if carried out after a washing step, thereby not leading

to any increases in costs.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross~sectional view showing one embodiment oﬁ
a magnetic recording medium of the present invgntibn.

Fig. 2 is a schematic block drawing showihg one embodiment
of a plasma generation unit used to produce a magnetic recording
medium of the present invention.

Fig. 3 is a schematic block drawing showing another
embodiment of a plasma generation unit used to produce a
magnetic recording medium of the present invention.

Fig. 4 is a schematic block drawing showing another
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross-sectional view show ng
one enbodi nent of a nmagnetic recording nmedium of the present invention.
Fig. 2 iswe2semapasi c bl ock drawi ng showi ng one enbodi meotr/JetoosoEEas na
generation unit used to produce a nagnetic recordi ng nmedi um of the present
invention. Fig. 3 is a schematic block drawi ng show ng anot her enbodi nent
of a plasma generation unit used to produce a nagnetic recordi ng nmedi um of
the present invention. Fig. 4 is a schematic bl ock drawi ng show ng

anot her erspdgidieentofofa g lralsrana eyrsrena irwnuniniusesed ot prodgedeca amgnet i ¢
recordi ng nmedium of the present invention. Fig. 5 is a schematic bl ock
drawi ng staeuwaty aneiderdienpatidipnt «of twheplpsasegenatednoionni t used to
produce a magnetic recording nediumof the present invention. Fig. 6 is a

schematic blpck. dsangng sbpuhagianeiber &rbedhgebhoning RhaspBrgeneration
unit used to produce a magnetic recordi ng nedium of thé present invention.

DETAI LED I The f ' ' I ti
of errt)odie%\r??tgézL ngy%oée% ]eas_igan%n{\%/%nﬁc%\éotnl% t%%ﬁ&%%gr%ﬁﬁ%@%rgxpngg (ji on

Fig. 1 is a crass-sectioponal view show one enbodj nent_of a magnetic
" ecor di ng BT of° AHE 1B Uhyent o, Present invention:

Fig. 6 is a schematic block drawing showing another
embodiment of a plasma generation unit used to produce a

magnetic recording medium of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following provides an explanation of embodiments of the
present invention with reference to the drawings.

Fig. 1 is a cross-sectional view showing one embodiment of
a magnetic recording medium of the present invention.

A magnetic recording medium of the present embodiment is
composed by sequentially laminating a substrate layer 2, an
intermediate layer 3, a magnetic layer 4 and a protective film
layer 5 on a non-magnetic substrate 1, and providing a lubricant
layer 6 on the uppermost layer.

Examples of materials that can be used for non-magnetic
substrate 1 include metal materials such as aluminum and
aluminum alloy, inorganic materials such as glass, ceramics,
titanium, carbon and silicon, and polymer compounds such as

polyethylene terephthalate, polyimide, polyamide,
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A magnetic recordi ng nedium of the present enbodi nent is conposed by
sequentially lam nating a substrate layer 2 , an internediate layer 3 , a
magnet i ¢ weyess/dommed a protective filmlayer 5 on a nonporgreEhs/o1Substrate
1, and providing a lubricant |layer 6 on the uppernost |ayer. Exanples of
materials that can be used for non-nmagnetic substrate 1 include netal

mat eri als such as alum num and al um num al |l oy, inorganic nmaterials such as
gl ass, ceramcs, titanium carbon and silicon, and pol ymer conpounds such
as pol yetdodl vereerbosredisht hed latsy 1 ol i aley e pul deine deapot yzba bonat e,

pol ysul f one, pol yethyl ene napht hal ate, pol yvinyl chloride and cyclic

hydr ocar lpai-yeaniyd g micley dred i dyclic ddgidocarbaneceontaiendg ypes of fil ns
selected fromN P, NiP alloy and other alloys can be vapor deposited by

plating qioisputd@m .NgTandqa9thenl hoR8tOr e SuhARELS FOk 1t RESEe BUBSEH at es
The material of substrate |ayer 2 can be conposed with Cr or Cr alloy

comesed o581 20% O PO YRS 21051230 S5 SALRS LEATLTLeqlly
R T T i R R e A o
be corrposs%%svgrjtahcésh.e aforenentioned Cr all oy

The material of substrate layer 2 can be composed with Cr
or Cr alloy composed of Cr and one or more types of metals
selected from Ti, Mo, Al, Ta, W, Ni, B, Si, Mn and V.

In the case of substrate layer 2 being a non-magnetic
substrate layer having a multilayered structure, at least one
of the constituent layers that compose the non-magnetic
substrate layer can be composed with the aforementioned Cr alloy
or Cr.

The aforementioned non-magnetic substrate layer can also
be composed with an NiAl-based alloy, RuAl-based alloy or Cr
alloy (alloy composed of Cr and one or more types selected from
Ti, Mo, Al, Ta, W, Ni, B, Si and V).

In the case the non-magnetic substrate layer has a
multilayered structure, at least one of the constituent layers
that compose the non-magnetic substrate layer can be composed
with an NiAl-based alloy, RuAl-based alloy or the

aforementioned Cr alloy.

The material of intermediate layer 3 is used for the purpose
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or Cr. The aforenentioned non-magnetic substrate |ayer can al so be conposed
with an N Al -based alloy, RuUAl -based alloy or C& alloy (alloy conposed of
Cr and omnwoanoempeEet ypes selected fromTi, M, A, Ta, WIIkeesB153045 and V
) . In the case the non-magnetic substrate |ayer has a nmultil ayered
structure, at |east one of the constituent |ayers that conpose the

non- magnetic substrate | ayer can be conposed with an N Al -based all oy,

RuAl - based all oy or the aforenentioned Cr alloy. The naterial of

i nt er nedicdt @sfayeing tihe eskttdakbdaltdrowilr pdSant laoyi sanag sties eprataky al
growh of Co alloy, and is preferably a non-magnetic material having an hep

struct ur @ hbat-niagnat@e ablkeyibavihagiGy as hte pBractawensheti ak.aRreferable
exanpl es include materials containing any one type selected from

Co- Cr - bagad A/ heymg%&raswteaﬁ@ﬂnaéavpmat@ugl- Tapbasedaph boyxahith e s

Co-Cr-Zr-baséd alloy. The material of magnetlc | ayer 4 is preferably

mat eri al i tr Y. @y its main
raw materP%I LR%re ergt% ZL e%anp gLsr{ll %)erl a sS con al n% any one type

oFl oot ed e gy szlcsmm%%a%o&iﬁas@ gt Rad o] baoed

and Co-Cr-Zr-based alloy.

The material of magnetic layer 4 is preferably material
having an hcp structure that is a Co alloy having Co as its main
raw material. Preferable examples include materials
containing any one type selected from Co-Cr-Ta-based alloy,
Co-Cr-Pt-based alloy, Co-Cr-Pt-Ta-based alloy,
Co-Cr-Pt-B-based alloy and Co-Cr-Pt-B-Cu-based alloy.

A carbon-based material such as amorphous carbon,
hydrogen-containing carbon and fluorine-containing carbon, or
a ceramic-based material such as silica and zirconia can be used
for protective film layer 5. 1In particular, hard, dense CVD
carbon is used preferably in terms of not only its durability,
but also its economy and productivity. Since the durability
of protective film layer 5 decreases if its thickness is
excessively thin, while loss during recérding and playback
increases if its thickness is excessively thick, the film
thickness of protective film layer 5 is set to 10 to 150 A (1
to 15 nm), and preferably set to 20 to 60 A (2 to 6 nm).

Protective film layer 5 is subjected to surface treatment using
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A carbon-based material such as anorphous carbon, hydrogen-containing
carbon and fluorine-containing carbon, or a ceram c-based material such as
silica amsozbesmamiza can be used for protective filmlayecTAr2005kmi5304
particul ar, hard, dense CVD carbon is used preferably in terns of not only
its durability, but also its econony and productivity. Since the durability
of protective filmlayer 5 decreases if its thickness is excessively thin,
while |l oss during recording and playback increases if its thickness is
excessi vél §ashitgleatmrntt phm tantdiktadssd by pFatet tioves tielsmrlidper 18t¢s. set to
10 to 150 A (1 to 15 nny , and preferably set to 20 to 60 A (2 to 6 nm
Protective fThen hpyermdst slshibj eshedlapesubf acrtataat sepblysengargas
(treatnment gas) activated by plasnma to be described later . The uppernost

| ubr i Cantpdlajjr@rifzéalﬂt@id}ﬁsaactﬁfﬁ‘déﬁrgﬁu;ﬁ-cﬁ&iﬁ@ﬁ{irlfam e unsaturated
group-cont ai ni ng perfl uoropol yet her conpound. Exanples of polynerizeable

unsat ur agjee% AR AU NG PRI Fder O ﬁglal}ﬁg)tllé%r o%0 ?r%g&?}%g &bi?]%%lbli%e conpounds

conpri se y bondi'ng "an organi ¢ group having a pol € unsaturated
bond to I t_.one end of rf.l uoropol yet her servi as the main chain. A
magnet i ¢ %&]es S gt%}l iy Qg T i paycbdglgia devicé eo%l jﬁt e ?ﬁogs%%ﬁqgeeﬂb%?ﬁ%‘fﬁ% s

provi ded w th the aforementi oned magnetic recordi ng nedi um havi ng,

prot ect i VEFUR FRPBPUBIECRR T U hapending an organic group having

a polymerizeable unsaturated bond to at least one end of
perfluoropolyether serving as the main chain.

A magnetic recording and playback device of the present
embodiment is provided with the aforementioned magnetic
recording mediumhaving protective £ilm layer 5 on which surface
treatment has been carried out with the aforementioned
treatment gas, and a magnetic head that records and plays back
information on said magnetic recording medium.

The following provides an explanation of an example of a
productionprocessofanmgneticrécordingmedimnofthepresent
embodiment .

First, after forming substrate layer 2, intermediate layer
3, magnetic layer 4 and a protective film layer on non-magnetic
substrate 1, surface treatment is performed on this protective
film layer using a gas that has been activated by plasma
generated under pressure in the vicinity of atmospheric
pressure to formprotective filmlayer 5. Next, lubricant layer

6 is formed on this protective £ilm layer 5. The aforementioned
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treatnment has been carried out with the aforenentioned treatnent gas, and a

magneti c head that records and plays back information on said magnetic

recor di ngwordiqm176he foll owi ng provi des an expl anati onpofi/Jamossmepd e of a

production process of a magnetic recording nmedi um of the present enbodi nent
First, after formng substrate layer 2 , internediate |ayer 3 magnetic

| ayer 4 and a protective filmlayer on non-magnetic substrate 1 , surface

treatment is perforned on this protective filmlayer using a gas that has

been act ibplatsed By HrasTerageneraltced dirfddraygedssiasman the vicinity of

at nospheric pressure to formprotective filmlayer 5 . Next, |ubricant

| ayer 6 is fAorgleasman ddnhsrptdbecinie dapablayef Stabldegeneration of

af orenenti onedpl asma i s preferably gl ow di scharge plasna. A plasma

gener at i @) st a¢apapte&sShirstablaoeneiatitgnodf aphasPRepicHELSsEEe i n the
vicinity of atnospheric pressure, and which uses a sine wave hi gh-frequency

For the St 40etrr SerPane aSuart LR BRER QS Rl MR B 0F. Mgl es

of devices that cag-b used i ncl yde %:nor I ressurggglas aiéurf ce
nodi fi cafi 8T fd&WViFde ¥ " Sth i Frc Ptk rléseyrﬁl e cleani ng
head (Matsushita Electric Wrks)

surface treatment device used here for surface treatment.

Examples of devices that can be used include a normal
pressure plasma surface modification device (Esquare) and an
atmospheric pressure plasma cleaning head (Matsushita Electric
Works) .

A pressure in the vicinity of atmospheric pressure refers
to pressure of 1.3 x 10* to 13 x 10* Pa. In particular, the use
of a pressure in the vicinity of atmospheric pressure of 9.9
x 10*t010.3 x 10" Pa is preferable since it facilitates pressure
regulation and simplifies the device constitution.

The following provides an explanation of a plasma generation
unit of the present embodiment using Fig. 2.

The plasma generation unit of Fig. 2 is primarily composed
by a pair of opposing electrode plates (opposing electrodes)
2la and 21b, a gas inlet port 22 for supplying gas between
electrode plates 21a and 21b, a plasma generation power supply
23 that applies an electric field between the opposing
electrodes, and a substrate holder 26 for holding a treated

substrate 25.
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A pressure in the vicinity of atnospheric pressure refers to pressure of
1.3 x 104 to 13 x 104 Pa. In particular, the use of a pressure in the
vicinity wb 2adgmspieri c pressure of 9.9 x 104 to 10. 3 X PLOAPR®S B304
preferable since it facilitates pressure regulation and sinplifies the
device constitution. The follow ng provides an explanation of a plasma
generation unit of the present enbodinment using Fig. 2 . The plasna
generation unit of Fig. 2 is primarily conposed by a pair of opposing

el ectrode plBrest¢dppesshyatkedbrbdesit2iaaanda2nbgnatgaslapbetapdra 22 for
suppl ying gas between el ectrode plates 2la and 21b, a plasna generation
power suppoteks:itveatt idpplliagmmpralcacto sufrifakd hebtwearnthéoeppdsonga

el ectrodes, and a substrate holder 26 for holding a treated substrate

25. Tr eat ethrsubsidalia: Zuddsrate | easd #h Mgnetise | dyefnangraserotective film
| ayer prior to surface treatnment fornmed on a non-magnetic substrate, and in

| o o0 25° Alpd GRS AN IBRLee MRy o HPSLIAL Ane AYSLo 2 ay P B o0 At €

| ayer 3 , magnetic | ayer _ rve fiTmTayer prior to sufface
Nt has TGRSR Tof FORMT g S GG {hat! Mad et PABERy GPeauBgace
generating plasma by applying an electric field between the pair of
opposi ng ﬁ%gﬁqg;on a non-magnetic substrate 1

This plasma generation unit has the function of forming a
gas that has been activated by generating plasma by applying
an electric field between the pair of opposing electrode plates
2la and 21b at a pressure in the vicinity of atmospheric pressure,
and radiating the activated gas onto the surface of treated
substrate 25.

Iron, copper, aluminum or alloys thereof is uséd for the
material of each electrode plate. Although the distance
between the opposing electrodes is preferably 0.1 to 50 mm, it
is more preferably 0.1 to 5mm in consideration of the stability
of plasma discharge.

Each electrode plate is preferably covered with a dielectric
substance. Covering each electrode plate with a dielectric
substance makes it possible to prevent oxidation and
nitridation of the metal that composes the electrodes by the
plasma. An oxide such as aluminum oxide (Al,03) is preferably

used for the material of the dielectric substance.

A high-frequency sine wave is used for the electric field
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21a and 21b at a pressure in the vicinity of atnospheric pressure, and

radi ati ng the activated gas onto the surface of treated substrate 25. Iron,
copper, avomewumos al |l oys thereof is used for the natewrcalypmisessty

el ectrode plate. Al though the distance between the opposing el ectrodes is
preferably 0.1 to 50 mm it is nore preferably O .1 to 5 mmin
consideration of the stability of plasnma discharge. Each electrode plate is

preferably covered with a dielectric substance. Covering each el ectrode
pl ate wi tdPrl e betvere slistarde alkes Plapossibbe tBDhereeent oxidati on

and nitridation of the netal that conposes the el ectrodes by the plasma. An
oxi de suociaes falagviemoy oXi et ¢ AI@OXH zi, sapdeperabtylased forcd B@ rBEeri al of
the dielectric substance. A high-frequency sine wave is used for the

el ectric {4 edclapptdieik bt vests BIeEi £ Dsie @f&é’@éb:?]lﬁt?ngfzéﬁe hgsiige of a
sine wave frequency of 1 to 100 kHz, and particularly 10 to 50 kHz, is

preferablg da,£onsi deration of stability of the plasm discharge. In the
present invention, the use of sine maves i s advant ageous for the reasons
i ndi cat ed be& W In thge se_of o ;gg si ne ves W th pul,se waves, it

i s necessary to "RCPEESE énBSa uﬁetﬁ gabE 8RVSS 48

advantageous for the reasons indicated below.

In the case of comparing sine waves with pulse waves, it
is necessary to increase the peak voltage in the case of pulse
waves since pulse waves normally used for plasma discharge have
a lower duty ratio. For example, normal conditions for use for
plasma discharge consist of a frequency of 10 kHz, pulse width
of 10 usec (duty ratio: 10%) and peak voltage of 30000 V. On
the other hand, in the case of sine waves, the peak voltage can
be lowered since although the waves are in the formof sine waves,
voltage can be applied continuously. For example, the peak
voltage is 10000 V for a frequency of 10 kHz.

Although the relationship between peak voltage and
corrosion is not completely understood, it can be easily
imagined that a higher peak voltage would most likely result
in increased likelihood of the occurrence of micro-arcing.
Although there are various reasons for the occurrence of
corrosion, it is widely known that, if small pits form in a
protective film, the Ni, Li, Na, Co and so forth contained in

the substrate and magnetic layer ends up dispersing from those
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waves since pul se waves normally used for plasma di scharge have a | ower
duty ratio. For exanple, normal conditions for use for plasma discharge
consi st oloaoderagurency of 10 kHz, pul se width of 10 nseectdetosnessio: 10%
and peak voltage of 30000 V. On the other hand, in the case of sine waves,
t he peak voltage can be | owered since although the waves are in the form of
si ne waves, voltage can be applied continuously. For exanple, the peak
voltage is 10000 V for a frequency of 10 kHz. Although the rel ationship

bet ween pedle volbagke antr eore ofi bheisraolstcitomplidtlel.y dfideisroodrcingcan be
easily imgi ned that a higher peak voltage would nost likely result in

i ncreaseddduesd,i Baad1ohitHenscapriencm @i nnthe prrtcddigivAlftihayghhibere are
various reasons for the occurrence of corrosion, it is wi dely known that,

if small ipi k& on B HB1 dcPEQLES AR T4 iR tthféeg@herb'tloﬂaof(‘@oﬁfgs§8nf orth
contained in the substrate and nagnetlc | ayer ends up dispersing from

thosepi s ontg the surlage ofjhbenprolocLiventy! oy m%. gLo- ggcing oceurs,

small pits end up formng in |n tUrn'ts believed

i g1 1 ORI e RRes ”ﬁﬁv?@é’%{:%%&"aﬁeﬁ%he EOR S Rtan C bLPaen the

el ectrodes on the | oad S|de and the omer Ié_ﬁgly on the supply side. If
i mpedance&ids ﬁ@@~ﬁﬁ?d&@%ﬁrr%HHRkMF%m hevesp siflrei AF g@ﬁéﬂéﬂéé t8sulting

not matched, reflection waves end up being generated resulting
inunstable operation and increased likelihood of micro—-arcing.

Impedance on the electrode side may fluctuate depending on
the type of reaction gas (nitrogen, oxygen, argon or mixtures
thereof) or the material and size of the treated substrate. In
this case, impedance can be matched by allowing the oscillation
frequency of the power supply side to change in response to a
change in impedance on the electrode side using a PLL circuit.
Furthermore, a PLL circuit refers to a phase-locked loop for
generating a new signal synchronized with the phase of a signal
of a certain frequency, and is one technique used for stable
operation of high-frequency circuits.

Nitrogen, oxygen, argon or a mixture thereof is preferably
used for the gas supplied between electrode plates 21a and 21b.
‘Since the amount of gas consumed is large due to using at a
pressure in the vicinity of atmospheric pressure, inexpensive
nitrogen, oxygen or a mixed gas of nitrogen and oxygen is used

more preferably.
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in unstabl e operation and increased |ikelihood of mcro-arcing. |npedance
on the el ectrode side nmay fluctuate depending on the type of reaction gas
(ni trogenyoaxgegamsear gon or nixtures thereof) or the maveriyaboosnssei ze of
the treated substrate. In this case, inpedance can be matched by all ow ng
the oscillation frequency of the power supply side to change in response to
a change in inpedance on the electrode side using a PLL circuit.
Furthernore, a PLL circuit refers to a phase-locked |oop for generating a
new si gnal syhchidon? z&dPai T Ipft hbephagde ¢fl sk o ghalarst 2abeeret arnafigeduency,
and is one technique used for stable operation of high-frequency circuits.
Ni t r ogen pexpsgeti,cuElagontora gpmbdairievd het aoflagepriefeoabty sseflader the gas
suppl i ed between el ectrode plates 2la and 21b. Since the anpunt of gas

consuned Hredtige duerddisi b ra PressUr alivhdug Widdid ¥ of at nospheric
pressure, inexpensive nitrogen, oxygen or a m xed gas of nitrogen and

; i , i f 21
oxygen i $;iad vy %ﬁmgeggﬁgﬁ{e\éﬁp.gc@rgde% s3nkd! \{}fégf 9%%8?5£88e%9£%§f0 a

and 21b are arrange ar to a protecti ayer ‘prior |
surface treatnent (treated substrate 25) . Altho | asma,i s generate
bet ween t 2%% ectr dé%Plﬁfﬁ%bsﬁﬁéedﬁ%gigféﬁeﬁ?5§ﬁ§g§%?ngngHF,wgeﬁ?asna
i ti where the plasma spills out from
Eé?;[/\gelnst | Sﬁ}ggﬁg%&éﬁ%_sa%ﬂﬁg%&pggﬁi@éegn the elepctrodes .p The distance

from one end of the opposing electrode plates to the protective
film layer (treated substrate 25) is preferably 0.1 to 5 mm.
If thisdistance is less than 0.1 mm, there is the risk of treated
substrate 25 being crushed by the electrode plates, thus making
this undesirable. If this distance exceeds 5 mm, since the
plasma spreads excessively causing effects to decrease
considerably, surface treatment effects are not obtained. Gas
supplied between the pair of electrode plates 21la and 21b under
pressure in the vicinity of atmospheric pressure becomes
treatment gas as a result of being activated by plasma generated
between these electrodes, and since this treatment gas has an
extremely high molecular density, activity decreases due to the
frequent occurrence of collisions between molecules, thereby
making it suitable for surface treatment of a protective film.
It is preferable to use a transport method that does not
contact both surfaces of the substrate in order to use both sides
of a magnetic recording medium (magnetic disk). Thus, it is

preferable to transport treated substrate 25 by holding onto
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fromone end of the opposing electrode plates to the protective filmlayer
(treated substrate 25) is preferably 0.1 to 5 nm |If this distance is |ess
than O . Iwomposihere i s the risk of treated substrate 25pogipgosnisshed by
the el ectrode plates, thus making this undesirable. If this distance
exceeds 5 mm since the plasma spreads excessively causing effects to
decrease considerably, surface treatnent effects are not obtained. Gas
suppl i ed between the pair of electrode plates 21a and 21b under pressure in
t he vi ci ey igfsigtemssigrerdt Qrtesisle edgsconBhet teanmpartgapess dsresul t of
bei ng activated by plasm generated between these el ectrodes, and since
this treamefriragdy N@stanceg0remahinhtgh mleemsarorderpeky, oacldvity
decreases due to the frequent occurrence of collisions between nol ecul es,

t her eby makionehnd migkittcabl £ e PrdRGBBICA RN A dar PF LS ML I m It
is preferable to use a transport nethod that does not contact both surfaces

of e SUBSRAE N Ayl oS Bkl o Al g mmagel G Jiegerdi ng. edi um

(magnetic hus, 1t is prefera ransport trea Substrate 25

by hol din ntot he inside edge or_outside edge. . The transport .speed is

pref er abl“%t%(?dt %agmsfﬁﬁ%o%%f@’lﬁgt ans eocfﬁ%gﬁggﬁ%gfﬁgﬁpfmvéﬁéot i nut e
is nore preferable in consideration of high throughput and surface

tr eat nentleSFEcISNeTRELPPAMRHbr t A EREEPHRYCE dhirsspr o irREOtr i ed

substrate 25 or noving the
moves treated substrate 25 consists of moving treated substrate

25 by using a substrate holder 26 that has a function that enables
it to be raised and lowered to sequentially treat the surface
of the protective film layer with treatment gas.

As shown in Fig. 3, in order to use both sides of a magnetic
recording medium, it is preferable to arrange plasma generation
units on both sides of treated substrate 25 as previously
described, and carry out surface treatment using a gas activated
by plasma generated at a pressure in the vicinity of atmospheric
pressure on both sides of treated substrate 25.

In the case of transporting by holding onto an inside edge
or outside edge of treated substrate 25, the inside edge or
outside edge of treated substrate 25 ends up being concealed
by the shadow of holder 26, resulting in the risk of a decrease
in surface treatment effects at the concealed locations. 1In
order to prevent this, it is preferable that the opposing pair
of electrode plates 21a and 21b be arranged inclined at an angle

of 1 to 45 degrees from perpendicular with respect to the
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pl asma generation unit. An exanple of a transport nethod that noves treated
substrate 25 consists of noving treated substrate 25 by using a substrate
hol der 26wbDhads/hassa function that enables it to be rai ped/Jerdshmser ed to
sequentially treat the surface of the protective filmlayer with treatnent
gas. As shown in Fig. 3, in order to use both sides of a nmagnetic
recording medium it is preferable to arrange plasnma generation units on
both sides of treated substrate 25 as previously described, and carry out
surface tausdtaadritveusiingn al apeesr avtivatterl Dy es v eetreent et aeaedr essur e
in the vicinity of atnospheric pressure on both sides of treated substrate
25. I n thalcasetef 2AT)anrspehiowrg iby fHiel.didng patohanmonsi deigdge skowst si de
edge of treated substrate 25, the inside edge or outside edge of treated

substrat e 2% :engs U Hel ihsonceal athdycdhe shadoyn o hel dgrc 2bat&gsul ting

inthe risk of a decrease in surface treatnent effects at the conceal ed

| ocati on d t vent thi i ef er t hat the opposing
pair of euéocéter}éi1 Y gSatbgls%&ila&lglin% %%O bleéSarorﬁ?l';li‘%lggleCi inc+(?°ned at an angle of 1
to 45 degre fro erpendicular with respect tp theprotective filmlayer
prior to surfactit T et nei= (15 Sarey COqBatrabd 28y AL eRaMACI hipi kALY
Furthernore, Fig. 4 shows an exan‘gl e of a device in _the case of

8

t r anspor tAh §PPPE4NEd S EFELPEEP2BLRY bR ATy Lt dNald nagt sitdenecrrele

of 1 to 45 degrees from perpendicular with respect to treated
substrate 25, since the plasma is irradiated on an incline with
respect to the protective film, treatment gas activated by

plasma also contacts the portion concealed by the shadow of
holder 26. In this case as well, it is preferable to arrange
plasma generation units on both sides of treated substrate 25
as shown in Fig. 5.

A protective film layer of treated substrate 25 can also
be surface treated by passing treated substrate 25 between the
pair of opposing electrode plates 21la and 21b as shown in Fig.
6. Inthis case, more powerful surface treatment can be carried
out since the plasma density is higher.

[Examples 1 to 17]

After adequately washing and drying an aluminum alloy
substrate having an NiP plated film (diameter: 95 mm, inner
diameter: 25 mm, thickness: 1.27 mm), it was irradiated with
a laser from a radius of 17 mm to 19 mm (CSS zone) to form bumps

having a height of 10 nm. Subsequently, the substrate was
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If surface treatnent is carried out by arranging the pair of opposing

el ectrode plates 21a and 21b inclined at an angle of 1 to 45 degrees from
per pendi cwbanosibtrer espect to treated substrate 25, sineeTtprmophessen is
irradiated on an incline with respect to the protective film treatnent gas
activated by plasma al so contacts the portion conceal ed by the shadow of
hol der 26. In this case as well, it is preferable to arrange plasma
generation units on both sides of treated substrate 25 as shown in Fig. 5 .
A pr ot ecpilvedd 1mal Ry ¥egoktirpediput temheng Syeted Chrdeal €80B6 , Andlace) t r eat ed
by passing treated substrate 25 between the pair of opposing el ectrode

pl at es 2h&ftand sZtrvas ishowne Rik Go Gn alth aihia®leasecumt & powsr floF’ sur f ace
treatment can be carried out since the plasna density is higher. [Exanples

1 to 17] Af trer 2ad799<“‘:i;09f 3%3% gﬁﬁ%e%gg%%gtggwgg ﬁé%%rre eabggy Substrate

havi ng an |P pI at edfi nner
t hi ckness: , It was irradiated with a |laser froma radi us of 17 mm
to 19 mm (CS%OJZJcﬁi'é'-)nQ d“?%ﬁ'%ﬁ%urﬁsn%ﬁ?\%n%th%l YHPSbrate havesubiBquent |y,
the substrate wasplaced in a DC Magnetron Sputtering System (Mdel C3010,
Anel va) Almdmaggsctatad rigitdkaesisr of o> an astapnallas dete gomposegl /EIQ@T7 Torr
(2.7 x 10 5 Pa), the substrate was heated to 250C.

Moreover, a non-magnetic substrate layer was laminated to a

thickness of 5 nm using a target composed of Cr-Mo alloy (Cr:
80 at%, Mo: 20 at%). Next, a non-magnetic intermediate layer
was laminated to a thickness of 2 nm using a target composed
of Co-Cr alloy (Co: 65 at%, Cr: 35 at%). Next, amagnetic layer
in the form of a CoCrPtB alloy layer was formed as a magnetic
layer at a film thickness of 20 nm using a target composed of
Co-Cr-Pt-B alloy (Co: 60 at%, Cr: 22 at%, Pt: 12 at%, B: 6 at%),
and a protective film composed of CVD carbon was laminated to
a thickness of 5 nm using a plasma CVD system to obtain a treated
substrate. The argoﬁ pressure during film deposition was set
to 6 mTorr (0.8 Pa). Following deposition through deposition
of the protective film, the substrate was removed from the
vacuum system, washed with pure water using a spin coater and
dried. Subsequently, the protective film surface of the
treated substrate was surface treated in the manner shown in
Fig. 2 using a normal pressure plasma surface modification unit
(Esquare) for fhe plasma generation unit. A sine wave

high-frequency power supply was used for the plasma generation
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Fol | owmi ng heating, a non-magnetic substrate |ayer was |am nated to a

t hi ckness of 5 nmusing a target conposed of Cr. Mireover, a non-nagnetic
substr at ewbayevoiwers | am nated to a thickness of 5 nm usipog/Jedosn a4
conposed of Cr-M> alloy (Cr: 80 at% M: 20 at% . Next, a non-magnetic
internediate | ayer was lam nated to a thickness of 2 nmusing a target
conposed of Co-Cr alloy (Co: 65 at% Cr: 35 at% . Next, a nagnetic |ayer
inthe formof a CoCrPtB alloy |ayer was fornmed as a nagnetic |ayer at a
filmthi GOWSs sPPAY.-nnThsipQyer tamety composenasf s€b-1r -1PkwB abinge (Co: 60
at% Cr: 22 at% Pt: 12 at% B : 6 at% , and a protective film conposed of
CVD car bahiwasurdriceatedatneatt decknesss ddgli pprdisiintt a pLasahr &Ik syst em
to obtain a treated substrate. The argon pressure during film deposition

was set theb AHkQfder| 8 sPE) ucth@ltleamicdy pdenesitt raBchanheugh derssi hon of
the protective film "the substrate was renoved fromthe vacuum system

hed Wit : : i tl th
washed widf a%%%e‘sﬁgﬁ%é&z yghsacéﬁwo‘ig%?ﬁ%%%vgééﬁ% §b'b157e%§” he €

protective films e treate was “surface trea in the
manner shown in Fig. 2 usjng..a nornal pressure plasm syrface nodification
ini 1 o Ead e Serta N b ReT Ry BR R TR ReCHl e BRRGR T ehuoncy
power supply was used for the plasnma generationpower supply. The power

suppl y oPutthaLisdthe SPPIGAHNEI TSt e S uf et 19368 hehlie dekpeesd s

equi pped with a PLL circuit,
substrate) to the protective film on the treated substrate were

changed as shown in Table 1.

The contact angle of these samples were measured with a water
contact gauge. Those results are shown in Table 1.

Following the aforementioned surface treatment, a lubricant
composed of perfluoropolyether was coated onto the protective
film layer at a pulling rate of 3 mm/sec by a dipping method
after adjusting to 0.05% by weight to obtain a magnetic disk
(sample). Furthermore, fluorine-based solvent AK225 (Asahi
Glass) was used for the solvent at this time.

[Comparative Example 1]

Furthermore, a sample was produced in the same manner as
the aforementioned method with the exception of not carrying
out the aforementioned surface treatment on the protective film
layer for the sake of comparison.

The lubricant film thicknesses of each of the samples
produced were measured using FTIR. Those results are shown in

Table 1. In addition, bonded ratio was measured in the manner
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the frequency is fluctuated to prevent resonance. Thus, the sine wave
frequency is controlled to between 12 to 17 kHz. The transport speed, N2
fl ow r at ewoQ@Bodidiower at e, and di stance from one end of tlreTAPEOSHIFI04
el ectrodes (end nearest the treated substrate) to the protective filmon
the treated substrate were changed as shown in Table 1 . The contact angle
of these sanples were neasured with a water contact gauge. Those results
are shown in Table 1 . Followi ng the aforenentioned surface treatnent, a
| ubri cantdessHpidd kel pertfd serysobpetheindasatoat e bandintiesprenegthi ve
filmlayer at a pulling rate of 3 nmsec by a dipping nethod after
adj usti npft ah®: Qa%hycard dlhdydmw wobttaie provgnetve vk (spepl e)After
Furthernore, fluorine-based sol vent AK225 (Asahi d ass) was used for the
sol vent aftadHiirsy tiHe. sUGarparcy v xedidiedt o t OF Bz @i SRNPy e was
produced in the sane manner as the aforenmenti oned nethod with the exception
of not carg\y : 11 i r t h rotective
At G G 1y ﬁ&%%ﬁ%@%%@gﬁ%ﬁ AR5 PALIED o L 42 B! P

filmlayer for the sake rican I'I'mthi‘cknesses of

each of th I radyced were asured. usi FTIR. Those results are

Shown i naB 2Ty ERpR RS o TaRat P ET  Sa0 R ke ASE prigt e

manner descri bed bel ow to serve as an_indi cator. of bonding strength
washing were measured using FTIR at a location at a radius of

20 mm, and the thickness of the lubricant layer after washing
versus the lubricant layer thickness before washing was taken
to be the bonded ratio (%). Those results are shown in Table
1.

Dynamic friction coefficients were also measured. A CSS
(Contact Start Stop) durability test was carried out under
conditions of a temperature of 25° and humidity of 60% RH. 1In
this test, 10000 CSS operations (consisting of rotating at a
rotating speed of 10000 rpm (maintained for 1 second) and
stopping (1 second), and repeating at 5 second intervals) were
carried out in the CSS zone using a CSS tester and a reference
MR head (DLC coating, 30% slider, load: 2.5 g) for the magnetic
head. The dynamic friction coefficients of the magnetic disk
surface after 10,000 CSS operations are shown in Table 1.

Static friction coefficients were also measured. A CSS
(Contact Start Stop) durability test was carried out under
conditions of a temperature of 25° and humidity of 60% RH. 1In

this test, 10000 CSS operations (consisting of rotating at a
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of the lubricant layer to the protective filmlayer. After washing the
surface of the aforenentioned magnetic disk by imrersing in fluorine-based
sol vent AK®2bog(Aserki 4 ass) for 15 minutes, the thi cknepsegrmisbiseod

| ubricant |ayer before and after washing were neasured using FTIR at a

| ocation at a radius of 20 mm and the thickness of the lubricant |ayer
after washing versus the l[ubricant |ayer thickness before washi ng was taken
to be the bonded ratio (%9 . Those results are shown in Table 1 . Dynam c
frictionroteftfing emesdemr HEYW s uimeadin e 0881 (Tont hcteSzdtt Brdp)
durability test was carried out under conditions of a tenperature of 25 and
hum di ty safocpQWaRKL sacoéhd s, tast rep@a@angSsSt opercatdnensnteonsails) i ngrof
rotating at a rotating speed of 10000 rpm (rai ntai ned for 1 second) and

st oppi Ng Lk rSREPBEX indfkk (ERELNRIuBENG SeCoNddIHAr ¥aksd Mer&r&esi ed out
in the CSS zone using a CSS tester and a reference MR head (DLC coati ng,

oot {1 ci i1 2°80 (Ve Rl 2Pd TR doaPer 1o f o0 Col ahet AT Ae

coefficie e magnet| I'sk surface a ope Ions are
shown in. Tabl e . Stati.c friction coetficients re,_al so neasured. A CSS
(Cont act P8k SBp5 CRbrEnrFiey oBsEoRaE CAEPE Bd B UL nE AT ot §F 5o of a
tenperature of 25 and humdity of 60% RH. In _

surface after 10,000 °CSS operations are shown in Table 1.

Film thickness reduction rates were also measured (spin-off
test). The magnetic disk was rotated for 72 hours in an
environment at 80°C and at a rotating speed of 10000 rpm. The
thickness of the lubricant layer at a location at a radius of
20 mm was measured before and after this operation, and the
reduction rates of £ilm thickness of the lubricant layer before
and after testing were measured with FTIR. Those results are
shown in Table 1.

Furthermore, although the units of the values shown for
lubricant film thickness are in angstroms, they can be converted
to nanometers by multiplying 0.1 by the values shown for
lubricant film thickness in the table.

A corrosion test was also carried out. Samples were allowed
to stand for 96 hours at a temperature of 80°C and humidity of

85% RH. The surfaces of the samples were observed with a

microscope and the number of corrosion spots were counted.
Foreign objects measuring 1 pm or larger were observed and

counted as corrosion spots over the entire surface.
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this test, 10,000 CSS operations (consisting of rotating at arotating speed
of 1g000 rpm (maintained for 1 second) and stopping (1 second), and

repeat i ngwet20ds/@erzend i nterval s) were carried out in thecC8Bmsnsss3usi ng a
CSS tester and a reference MR head (DLC coating, 30%slider, load: 2.5 g )
for the magnetic head. The static friction coefficients of the magnetic

di sk surface after 10,000 CSS operations are shown in Table 1 . Film

t hi ckness reduction rates were al so neasured (spin-off test) . The nagnetic
di sk was Fhattdteethoftsy, TReheursacasant eénvd rsempeies ater80Coadid raedatedeat i ng
speed of 10000 rpm The thickness of the lubricant |ayer at a |ocation at a
radi us off 2@ WP RS JIRAS WIRE e A AN ] teryrd M:S DPesat 1Ko dnd the
reduction rates of fil'mthickness of the Tubricant |ayer before and after
testing vere | asure,-c;iii1 vvictohrrFoTI .R(’). 'I:Chosce results are shown in Table 1 .
Fur t her nore. 4l tlﬁlgug G UMY b The val ues shown for |ubricant film

t hi ckness _are in gngstrons, they can be converted to nanoneters by ,

mul ti pl yi g™ F 3y Vion & XARIRISRS s%d‘%h %lor 1ubricant filmthickness in the
table. A corrosion test was also carried out . Sanples were allowed to
stand for 96Muprc@chivenpetat Llapess SDC-npdatadnbubsyratessweRR. The
surfaces of the sanples were observed with a m croscope and the nunber of
corrosi omwfeice Wweraeteduhhethe same manner as Example 1 using a normal

pressure plasma surface modification unit (Sekisui Chemical).
A pulse power supply was used for the power supply that generated
the plasma. The frequency was set to 30 kHz and the pulse width
was set to 10 pusec. Other treatment conditions were the same
as in Example 1. The transport speed, N, flow rate, O; flow rate,
and distance from one end of the opposing electrodes (end

nearest the treated éubstrate) to the protective film on the

treated substrate were changed as shown in Table 1.
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Foreign objects neasuring 1 mmor |arger were observed and counted as
corrosion spots over the entire surface. Furthernore, the surfaces of the
sanpl es weoeo@mnpi7sned to be free of foreign objects neaewIrrgsiissm or

| arger before conducting the corrosion test. [Conparative Exanples 2 to 4 ]
The protective filmlayers of treated substrates were surface treated in
the sanme manner as Exanple 1 using a normal pressure plasm surface

nodi fication unit (Sekisui Chemcal) . A pulse power supply was used for

t he power supply that generated the plasma. The frequency was set to 30 kHz
and the pulse width was set to 10 nsec. O her treatnment conditions were the
same as in Exanple 1 . The transportaispeed, N2 flow rate, O2 flow rate, and
di stance fromone end of the opposing electrodes (end nearest the treated
substrate) to the protective filmon the treated substrate were changed as
shown in Table 1 .i-3 A H o] (DA s can be seen fromthe results shown in

£
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considerably from 41% (Conparative Exanple 1 ) to 54-78% (Exanples 1 to 17)
This neans that the nunber of freely noving nol ecul es of the |ubricant
decr easedyoanes/asi7a result, the static friction coefficipems2domprosed
considerably from1l.30 (Conparative Exanple 1 ) to 0.40-0.71 (Exanples 1 to
17), and the filmthickness reduction rates as determ ned fromthe spin-off
test also inproved considerably from 17% (Conparative Exanple 1 ) to 2-12%
Furthernore, in the exanples, the contact angle was deternmined to increase
as the di st dxeafrlognseres éndnofhe hesoppessingvreliecTabdesl t sheheoptatiecti ve
filmincreased. In the exanples, the effects of surface treatnent were not
obser vedanigliikeddtstaped §1om dhearnlly dfrdmnd 40ppasgnges! eudmpstest ivet he
protective filmlayer is 10 mm In addition, although corrosion spots are

not obsery@edif BhasaBs!ELeat MBNdedSedo! ( E%?érﬁpf‘éis quic o Egypagahi ¥esfExanpl e 1
) , if a normal pressure pl asma surface nmodi fication unit is used,

cof o 0B SR, ghseTdyon o :arre%er e S, orper v

Exanpl es ure surface
nodi ficatjon unit that e d,the, n er of corro on
Spot s | 3 ISEEEARET 1o (s SREE Ay MBI CEE 1 SR o TRt es 1 ¢ o

17) . On the basis of the above results as a result of carryr ng out pl asna

surface CRagifeRARIs fFoR ddrimalComresAiie IBsple 1) to 54-78%

(Examples 1 to 17). This means that the number of freely moving
molecules of the lubricant decreased, and as a result, the
static friction coefficients improved considerably from 1.30
(Comparative Example 1) to 0.40-0.71 (Examples 1 to 17), and
the film thickness reduction rates as determined from the
spin-off test also improved considerably from 17% (Comparative
Example 1) to 2-12%. Furthermore, in the examples, the contact
angle was determined to increase as the distance from one end
of the opposing electrodes to the protective film increased.

In the examples, the effects of surface treatment were not
observed if the distance from one end of the opposing electrodes
to the protective film layer is 10 mm.

In addition, although corrosion spots are not observed if
plasma treatment is not carried out (Comparative Example 1),
if a normal pressure plasma surface modification unit is used,
corrosion spots are observed on the order of about 100 to 500
(Comparative Examples 2 to 4). On the other hand, if a normal

pressure surfacemodification unit that uses sine waves is used,
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surface nodification unit using sine waves on a protective filmlayer at a
pressure in the vicinity of atnospheric pressure, contact angle was found
to i nprowsocossrilgesabl y, and as a result, adhesion of | ploriyezuoso1saes al so
observed to inprove. As a result, not only can the static friction
coefficient be adeguately | owered, startup operation inproved and
durability enhanced by preventing spin-off phenonenon, satisfactory surface
| ubricating characteristics can al so be obtai ned. Mreover, a magnetic
recor di ngFhfediuthiavihoaaEtd SR tNG T ok s o L CArvet @e¢se288 can be
obt ai ned. According to the production process of a magnetic recording

medi um ofsitgndl fireesdrity itnvehtiorg spategnEizanpkeeorditg bedi um can be
produced that has superior startup operation and durability, satisfactory

surface | ubrogitie dubisiper tRE SO6VOSTONTHAS atd &f kekiuds. of SBRERGIHE
recordi ng nmedi um of the present invention has superior startup operation

and dur abji ty,a 5@t ISTAGLRY Y SUIEAGE | HPHLE1 S Yo 2 BUPELL - £O5 1 O5hON

characteristics.CL AMS 1 . A production process of" a nagnetic recording
ting at |east _a magnetic |a

redh U O SLTRSFNEOLt Sl ) ATLISY 19 et peangtic Lavety o
and Surf%%gth%%an r%g%u goggc%£g6v£é£H}L§y§£ ggéggpheric pressure,
contact angle was found to improve considerably, and as a result,
adhesion of lubricant was also observed to improve. As a result,
not only can the static friction coefficient be adequately
lowered, startup operation improved and durability enhanced by
preventing spin-off phenomenon, satisfactory surface
lubricating characteristics can also be obtained. Moreover,
a magnetic recording medium having satisfactory corrosion
characteristics can be obtained.
According to the production process of a magnetic recording
medium of the present invention, a magnetic recording medium
can be produced that has superior startup operation and
durability, satisfactory surface lubricity and superior
corrosion characteristics.
A magnetic recording medium of the present invention has

superior startup operation and durability, satisfactory

surface lubricity and superior corrosion characteristics.
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a gas activated by plasma generated under pressure in a vicinity of

at nospheri c pressure; wherein, a sine wave hi gh-frequency power supply is
used for wbeogmmerissupply that generates the plasma. 2 pcTheqosocuet i on
process of the magnetic recording nmediumaccording to claiml , wherein the
frequency of the power supply is within the range of 1 kHz to 100 kHz. 3 .
The production process of the magnetic recording nmedi umaccording to claim
1, wherein the plasma is glow di scharge plasma. 4. The production process
of the magngilc AeEdidSng nmedi um according to claim 1 , wherein the surface
of the protective filmlayer is treated using the activated gas after

form ng tlhe protecsdwetfoh mroyess 6614 omednbyitoraabiranngf meleulubri cant

| ayer.5 . The production process of the magnetic recordi ng nedi um accordi ng

to clai mcbmpheng Belilengas 169N ahgadinkeast: Ne byR§gRLLYas1 spdLct ed
froma group consisting of nitrogen, oxygen and argon. % . The production

brocess of oLe. IRGOELLE: f 9000l AAMPYLI; ACERr d100, 1 6l i dagnaiher ei n the
plasrra generated at pressur_ N eVICI!']Ity_O e at nosp erl_ pressure 1S
2 plasma generated by applying.an el stri e tield betveen, gaposing,

a gas activated by plasma generated under pressure in a vicinity

of atmospheric pressure; wherein,

a sine wave high-frequency power supply is used for the power

supply that generates the plasma.

2. The production process of the magnetic recording medium
according to claim 1, wherein the frequency of the power supply

is within the range of 1 kHz to 100 kHz.

3. The production process of the magnetic recording medium
according to claim 1, wherein the plasma is glow discharge

plasma.

4. The production process of the magnetic recording medium
according to claim 1, wherein the surface of the protective film
layer is treated using the activated gas after forming the

protective film layer, followed by formation of the lubricant

layer.
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el ectrodes . 7 . The production process of the nmagnetic recordi ng nedi um
according to claim6 , wherein the opposing el ectrodes are arranged at an
angl e of Wodewvmei7so 45 degrees from perpendi cul ar to apswhBtoshs3040 be
treated in which at |east the nagnetic |ayer and the protective filmlayer
are formed on the non-magnetic substrate. 8 . The production process of the
magneti c recordi ng nmedium according to claim6 , wherein the opposing

el ectrodes are formed perpendicular to a substrate to be treated in which
at | east Sthe rdmhatnaddclyieom anpasss pfotbet nggneétim fagerdane Medtiwny on t he
non- magneti ¢ substrate.9 . The production process of the nmagnetic recording
medi um aeecebaidiggt bocdlaiim 6, ,whdesiei theugd aceritdatsnentl dastcaneiegdhout on
the protective filmlayer by arranging a substrate to be treated, in which

at | east ofthgs Segneddited a¥en and-dupechhet 8etihyeof inimdR)sr, @k Earamg on the
non- magneti ¢ substrate, between the opposing el ectrodes. %he production

process gf the magnetic recording mediumaccording to cIa|n11 , Wherein
surface trgé ment using the activated gas is sinultaneously carried out on
both sides of a substrate to be treated in which at |east the nagnetic.

| ayer and the protective filmlayer are formed on the non-nmagnetic

6. The production process of the magnetic recording medium
according to claim 1, wherein the plasma generated at pressure
in the vicinity of the atmospheric pressure is a plasma
generated by applying an electric field between opposing

electrodes.

7. The production process of the magnetic recording medium
according to claim 6, wherein the opposing electrodes are

arranged at an angle of 1 degree to 45 degrees from perpendicular
to a substrate to be treated in which at least the magnetic layer
and the protective film layer are formed on the non-magnetic

substrate.

8. The production process of the magnetic recording medium
according to claim 6, wherein the opposing electrodes are formed
perpendicular to a substrate to be treated in which at least
the magnetic layer and the protective film layer are formed on

the non-magnetic substrate.
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substrate. 11. The production process of the nmagnetic recordi ng medi um
according to claim1l , wherein the non-magnetic substrate is one type of
subst r at eweeb@ntietsf rom a gl ass substrate and a siliconpsuletastssod?2. The
production process of the magnetic recordi ng nmediumaccording to claim1l
wherein the non-magnetic substrate has a filmconprised of NNP or NP alloy
formed on the surface of a base conprised of one type of material selected
fromAl, A alloy, glass and silicon.13. A nmagnetic recordi ng medi um

pr oduced Dy t hEhpreaedd¢ohoproeesss o fa tinggRetne tiecsedondingdiediancor di ng
toclaim1l . 14. A magnetic recording and pl ayback device provided with a
magnet i ¢ aesordinyg toedl aimahd wharedmetiie fheadt tdatmercardsaandepl ays back
data onto the nagnetic recordi ng nmedi um wherein, the magnetic recording

nedi um i sort ke dBERatd @ 1R Of Hi i a1 XRch Lﬁgyaézﬁpéﬁ?mgt@ §18sMrd8e 48 -pé
0

surface treatnent device that has a function form ng an activated gas by

generatl&gzeqtae%{ralnxufﬁ%yt% %hs% &eéish ﬁ%g@&% Pétggtfbsctfodes

under pressure i'n V|C|n|ty of " at nDsp r|c pressure adl g t he
t t t f trat b h at | t
magnet | o T bR Mg £ g QOCRE, Bnt i T aher-dPEtLs: aRSbRe R noRehagRRL o

the opposing electrodes.

10. The production process of the magnetic recording medium
according to claim 1, wherein surface treatment using the

activated gas is simultaneously carried out on both sides of
a substrate to be treated in which at least the magnetic layer
and the protective film layer are formed on the non-magnetic

substrate.

11. The production process of the magnetic recording medium
according to claim 1, wherein the non-magnetic substrate is one
type of substrate selected from a glass substrate and a silicon

substrate,

12. The production process of the magnetic recording medium
according to claim 1, wherein the non-magnetic substrate has
a film comprised of NiP or NiP alloy formed on the surface of
a base comprised of one type of material selected from Al, Al

alloy, glass and silicon.
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substrate.

WO 2006/019176 PCT/JP2005/015304

13. A magnetic recording medium produced by the production

process of a magnetic recording medium according to claim 1.

14. A magnetic recording and playback device provided with
a magnetic recording medium and a magnetic head that records
and plays back data onto the magnetic recording medium; wherein,
the magnetic recording medium is the magnetic recording medium

according to claim 13.

15. A surface treatment device that has a function of forming
an activated gas by generating plasma by applying an electric
field between opposing electrodes under pressure in a vicinity
of atmospheric pressure, and radiating the activated gas onto
surface of a substrate to be treated in which at least a magnetic
layer and a protective film layer are formed on a non-magnetic

substrate.
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