JUL 2006 1 Magnetic Recording Medium, Method of Manufacturing the Same, and Magnetic
Recording Apparatus Technical Field of the Invention The present invention relates generally to a
magnetic recording medium which is installed on various kinds of magnetic recordirly appayises
such as an external storage of a computer, a method of manufacturing the magnetic recording
medium, and a magnetic recording apparatus using the magnetic recording medium. Prior Art
Magnetic resoighiriedia taraiieeMejiired ielkavad adfigh recording density, and therefore, the
surfaces of the magnetic recording media have been required to be flat to enable low-level floating of

a recording NEEF RS- 8588 T8MRprévs thE TAEGHEE TSRS iERATE Vafiety of proposals

have been made with regard to the composition and structure of magnetic layers, materials for
non-magnetic underlayer, materials _for non-magnetic substrates, and so forth. Aluminum and glass

are mainly JS2TPRE fidterlat P thaEn SR AGET 2 3Bstrates, butin particular, plastic materials (high

polymer resin material) have been proposed as materials for the non-magnetic substrates in terms of
the characteristics thereof. Problem to be Solved by the Invention The magnetic recording media are

required to be maintaitind 1RE& $ig- et FEiinBility in e SevEFE BRJToNmERt ift oPFSBT6 JUL 2006

2 recording medium which 1s installed on various kinds of
magnetic recording apparatuses such as an external storage of a
computer, amethod of manufacturing the magnetic recording medium,
and a magnetic recording apparatus using the magnetic recording

medium.
Prior Art

Magnetic recording media have been required to have a high
recording density, and therefore, the surfaces of the magnetic
recording media have been required to be flat to enable low-level
floating of a recording head over the surface. To improve the
magnetic recording media, a variety of proposals have been made
with regard to the composition and structure of magnetic layers,
materials for non—magnétic underlayer, materials for
non-magnetic substrates, and so forth. Aluminum and glass are
mainly used as material for the non-magnetic substrates, but in
particular, plastic materials (high polymer resin material) have
been proposed asmaterials for the non-magnetic substrates in terms

of the characteristics thereof.
Problem to be Solved by the Invention

The magnetic recording media are required to be maintaining

the long-term reliability in the severe environment in order to



enable the low-level floating of the magnetic head that realizes a higher recording density, and to be
used for digital electric home appliances that are expected to widely spread in the near future. An
extremely low temperature of -40C to a high temperature and high humidity of 80 G/809bR Hse
assumed as the severe conditions, and under su%h conditions, the future magnetic recording media
are required to operate normally for five years. Further, the cost of the magnetic recording media for

use the digitah glactrichomsaprliances ate teguiseddpdasonsiderabbslower thanthatekthe
conventional magnetic recording media. Magnetic recording media using plastic substrates have

promise as thagietic recorainy Redig 2aphble dFdebfingthe3GruMSahcestatofesersts

conventionahmagnetis resaeing tnedium sising-acplastic supsitats is tasted underthe seyere
conditions, film expansion (a kind of film exfoliation) occurs. It is therefore an object of the present
invention to pt&viER-a madheticrEEsRAAG Medilim tRIRG Baptastc Substrateas t& nén-figghetic

substrate, and gxhibits excellent sharasteristies Withodbcayusing film xpansiqn.euen Lindgr the severe

conditions, a method of manufacturing the magnetic recording medium, and a magnetic recording
apparatus usiRgeRe mfetit Feeoraity MEHting AR SRJEHERLTST SBRANGHRB IS SBIBRRS ffventors of

the present iPMQB'El@@&@fiﬁé{ﬁ%défﬁéi%@%ia@tﬁim%n&%éﬁg*{@wﬁﬂ%&q§9|\£%UW%§@QV§éH‘§§Ii0”ed
problems, and found the following solution. A large number of magnetic recording media were placed

under the aB&Vé-Reentiofed32vere onBitions to CAESE FH EpaRSHAC TS foEafcHdttthe film
expansion wete opserved |t WASTOURAER IVL2QWquired to be considerably lower

than that of the conventional magnetic recording media. Magnetic
recording media using plastic substrates have promise as
magnetic recording media capable of dealing the circumstances.
However, if a conventional magnetic recording medium using a
plastic substrate is tested under the severe conditions, film

expansion (a kind of film exfoliation) occurs.

It 1is therefore an object of the present invention to
provide a magnetic recording medium using a plastic substrate as
a non-magnetic substrate, and exhibits excellent characteristics
without causing film expansion even under the severe conditions,
a method of manufacturing the magnetic recording medium, and a

magnetic recording apparatus using the magnetic recording medium.
Arrangement for Solving the Problems

Inventors of the present invention conducted various
experiments and reviews to solve the above-mentioned problems,
and found the following solution.

A large number of magnetic recording media were placed under
the above-mentioned severe conditions to cause film expansion,

the locations of the film expansion were observed. It was found



3 out that the film was expanded mainly between a plastic substrate and an underlayer formed just
on the plastic substrate, It was assumed that this was because the chemical structure of the plastic
substrate has a low affinity to the chemical structure of the layer formed thereon, A Wi a7 rtion
stress generated under the severe conditions SUC:)h as the temperature and the humidity is
concentrated on an interface having a low affinity.” To address this problem, the inventors of the
present inveationt fiarmedea tayer, wukichxpas adagheatiinitybetehemicalstasait e sigha plasiic substrate
and to an underlagler and a a%netic Iaﬁ/er formed on the plastic substrate, on the surface of the
plastic substrAte “And ¥agtiettiahy taHitate e Comtertiorat 2avdén Ve hadifetic fayel* &tc. on the
layer. The inyestaisdf theapresant invendiondesndouirtbatcacatlen fikt andrmose qrartiedlarly a
polymerized carbon film was suitably used as a material for the |layer (hereinafter referred to as

"adhesive & H&VIRYROREHNRS iR chRfidgafdfddtird fo bdth the Hi58te ShbEFARE Snd the

layers laminated thereop: rPobymerzatier €anisesite: sarkan fika e have-a digh @dfirits e chemical
structure to a plastic substrate. The carbon film also has a high affinity to an underlayer comprised of

a TiW film afd e 1KY anffaREorr e ddarbdhshld Ebrfhg He JATEEVE Iyt E8IMpA8Ed of the

carbon film improy¥es the adhasiem betweandheaplasticesubstrateanc the unseriayer nand prevents
film exfoliation even if the distortion stress is applied to the magnetic recording medium under the

severe conditERIFBUgH tHe REtROEf BRfing HRE E]MToI? filrhe ot esamtitulaiPRistABted, the
carbon film ig orginarily fareed R ch has a high affinity in chemical structure

to a plastic substrate and to an underlayer and a magnetic layer
formed on the plastic substrate, on the surface of the plastic
substrate, and sequentially laminate the conventional
underlayer, magnetic layer, etc. on the layer. The inventors of
the present invention found out that a carbon film and more
particularly a polymerized carbon film was suitably used as a
material for the layer (hereinafter referred to as “adhesive
layer”) having a high affinity in chemical structure to both the
plastic substrate and the layers laminated thereon.
Polymerization causes the carbon film to have a high affinity in
chemical structure to a plastic substrate. The carbon film also
has a high affinity to an underlayer comprised of a TiW film and
the like laminated on the carbon film. Forming the adhesive layer
comprised of the carbon film improves the adhesion between the
plastic substrate and the underlayer, and prevents film
exfoliation even if the distortion stress is applied to the

magnetic recording medium under the severe conditions.

Although the method of forming the carbon film is not
particularly restricted, the carbon film is ordinarily formed by
the sputtering method, disposition method, or CVD method. The

carbon film can be polymerized by including therein a



the sputtering method, disposition method, or CVD method. The carbon film can he polymerized by
including therein a 19 JUL 20 4 predetermined amount of hydrogen atoms. The de%]ree to which the
carbon film is polymerized can easily be determined by the Raman scattering spec rasdﬁpyzmis is
based on the following principle and the conventignal knowledge. It is well known that an increase in
the degree of polymerization of an organic film or a carbon film (an increase in polymerized
components) ircreases the dntensity tofo fluoydscece genesated retideyetkghbindidernce loa the film.
The degree of polymerization and the intensity aof generated . fluorescence are suhstantially
proportionaﬁ%%ba%/rﬁ oéle%r?nOnl%e 8@9\4 earnld%/ Pf%e ngr%a%aesﬁeiéf ir]? (\e/vk%ceh ﬁéﬁtl %egc%&/er% Swith a
frequency ditteting fsomntthat bh incigentt ightisdgnowntassa phemoseenam ocoerrifglwhendight is
irradiated on ais#gsteince as isF he case witchithéa Iﬂu](;)resciené Iight. A variety of Raman spectrum
meters are %5mméPC|§llya§vai abie Tor USe in the Raman s%aﬁer’ing spectroscopy in which the Raman
spectrum is measured by utilizing the Raman effect, and the energy level of an object is identified and
determined. The Rafnan.scatteri'gg ﬁpectrosch@/tis Widellxcursed for identitf_&?gtiog and deteEmination of

laminating layer filr fo WhicH i directed the presen??nventlor?.afﬁe Raman spece:ﬁiﬁrenefoﬁnd by the

Raman scatteringnspectsascopyiepreseniarihe intansiyrobRaman scattered Hghti witbagspect to the

Raman shift (wave nu berz, Ncg on(lly the Raman scattered Iigeht but also the fluorescent light may be
enﬂnedupoﬁ'nddeﬁ8e¥ﬂ%gﬁ?e omponents) lncreases the intensity of

fluorescence generated in time of light incidence on the film.
The degree of polymerization and the intensity of generated

fluorescence are substantially proportional to each other.

On the other hand, the Raman effect in which light is
scattered with a frequency differing from that of incident
light is known as a phenomenon occurring when light is
irradiated on a substance as is the case with the
fluorescent light. A variety of Raman spectrum meters are
commercially available for use in the Raman scattering
spectroscopy in which the Raman spectrum is measured by
utilizing the Raman effect, and the energy level of an object is
identified and determined. The Raman scattering spectroscopy is
widely used for identification and determination of laminating
layer film to which is directed the present invention. The Raman
spectrum found by the Raman scattering spectroscopy represents
the intensity of Raman scattered light with respect to the Raman
shift (wave number). Not only the Raman scattered light but also
the fluorescent light may be emitted upon incidence of light
according to irradiated substances. In this case, the emitted
fluorescent light is expressed as a background level of a spectrum
curve, and thus, the measured intensity of the Raman spectrum

corresponds to the sum of the fluorescent light intensity and the



according to irradiated substances. In this case, the emitted fluorescent light is expressed as a
background level of a spectrum curve, and thus, the measured intensity of the Raman spectrum
corresponds to the sum of the fluorescent light intensity and the 1 9 JUL 2006 5 Rpgnayysoggigred light
intensity. Therefore, a value that is found by subtgacting the fluorescent light intensity (a value from a
base line to a background level in a Raman spectrum diagram; hereinafter referred to as "the value
X") from theramasused titdensity {givalueteormithe base dine tevel,taa-peak poiat in stliedaman
spectrum di%glram hereinafter r%ﬁerrﬁl to as "thetv ue B") (Es XPl corresponds to a calibrated Raman
scattered lig milensna)l/ hevdinafter teteriet 5 AS "theVaue A5 As T reuIt 8 VisriddS BxBeriments
and reviewskeonducies: based up@@H@eOabm/ellemledgeathmmvent@p% ot thenpresest ainyention
found out that the olgmerlzatlon of thg carbon film .can be satlsfactor determined with excellent
repeatability plgﬂnﬁ p the”R&MAIT spectii of ife Arbh fitm, réddiflg e VARTESEShd A of the
spectrum, and thyiding/theavalaeu? byrtba vaweués(ﬁqaneﬁjlu@gwau@wl be diereinadter raferred to as
"the value B/A"), and determlnln the degree of po merization of the measured film according to the
value B/A. NdHief2 e cAf5on rﬁn forPRng G’ a&h fod tyetis poAtérzed by ifGudingtherein a
predeterminediare@mi afshygregencandtde siitablesametunt ©ff Rediegesncataigresphede tgas
introduced in time of film formatlon can be found with reference to the value B/A of the Raman

spectrum obtAined Ty the' }ﬁgﬁjaﬂasfca‘:ﬁ%rﬁ%%ﬁé&?‘oscop%lsof HeSo¥mbdcdtbon film. In

As a result of various experiments and reviews conducted
based upon the above knowledge, the inventors of the present
invention found out that the polymerization of the carbon film
can be satisfactorily determined with excellent repeatability by
picking up the Raman spectrum of the carbon film, reading the
values B and A of the spectrum, and dividing the value B by the
value A (the resulting value will be hereinafter referred to as
“the value B/A”), and determining the degree of polymerization

of the measured film according to the value B/A.

Namely, the carbon film forming the adhesive layer is
polymerized by including therein a predetermined amount of
hydrogen, and the suitable amount of hydrogen in atmospheric
gas introduced 1in time of film formation can be found with
reference to the value B/A of the Raman spectrum obtained by the
Raman scattering spectroscopy of the formed carbon film. 1In
this case, the value B/A is preferably equal to or greater than

6.

The inventors conducted experiments and reviews to find
the optimum value of the film thickness of the carbon film,

and reached the following conclusion. There is no necessity of



this case, the value B/A is preferably equal to or greater than 6. The inventors conducted experiments
and reviews to find the optimum value of the film thickness of the carbon film, angl e?@?c%e
following conclusion. There is no necessity of A J JUL 6 restricting the film thickness 8§l film
thickness does not greatly affect the occurrence gf film exfoliation. However, the film thickness affects
the read write characteristics, the film thickness must be adjusted to lie within such a range as not to
deteriorate theseadatritey characteristicshFromethis standpoinh¢hé Optimumivatuessf the lm

thickness varies accorqciri tom fL‘r?ri Is fqr the magnetic layer and the target recarding. density, and

t : . .
therefore, th%o%ptﬁﬁﬁ% vglue 8? e film ?ﬁ?ckné)scsgggrr]ﬁgtcge re%%rlcte%lt%n% %%%C?:I ﬁ;a?/%lﬁél_ According
to the presenbimeatipn, theeaadhésive layert farmee sbthecatbondilm s éormedsen therplastic film, and
the carbon film contains,a Iargg amount of rydggggghlncluq%ﬂgtalgargeaadmount f h¥[dro en in the

. the f . . e
carbon film PONARSHZES the” carbon fim. THe polyialZation causas tha ChBSRHIimtd have affinity in

chemical structiiierto the-plasticrsubgirates Theretose dbecarboaddm hasea highaathesivesness to both
the plastic sybstrate and the underlayer and the like laminated on theg)lastic subst;ate. This

considerably PSRISEtES bbEirrerice ¥ filh E5foliafiiTBRNKS the BFior &t "SMAMAY %t thE Invention

The presentdngeniion {ravidesas magrekc reeakbiging tomaterials for the magnetic
layer and the target recording density, and therefore, the
optimum value of the film thickness cannot be restricted to a

specific value.

According to the present invention, the adhesive layer
formed of the carbon film is formed on the plastic film, and
the carbon film contains a large amount of hydrogen. Including
a large amount of hydrogen in the carbon film polymerizes the
‘carbon film. The polymerization causes the carbon film to
have affinity in chemical structure to the plastic substrate.
Therefore, the carbon film has a high adhesiveness to both the
plastic substrate and the underlayer and the like laminated on
the plastic substrate. This considerably reduces the

occurrence of film exfoliation unlike the prior art.
Summary of the Invention

The present invention provides a magnetic recording
medium which comprises at least a non-magnetic underlayer,
magnetic layer, and protective layer sequentially formed over a
non-magnetic substrate, the maénetic recording medium wherein
the non-magnetic substrate is a plastic substrate, and an
adhesive layer having a chemical affinity to the plastic

substrate is formed on a surface of the plastic substrate.



medium which comprises at least a non-magnetic underlayer, magnetic layer, and protective layer
sequentially formed over a non-magnetic substrate, the magnetic recording medium wherein the
non-magnetic substrate is a plastic substrate, and an adhesive layer having a chqricgiieffhmgy to the
plastic substrate is formed on a surface of the plastic substrate. an IS JUL 2006 7 The present
invention also provides a method of manufacturing a magnetic recording medium which comprises at
least a non-magnetic underlayer, magnetic layer, and protective layer sequentially formed over a
non-magnetic substrate, the method wherein: a plastic substrate is used as the non-magnetic

substrate, an adhesiElayBF gbihy a thERIEAL Affinit] 15 the BiaRtic Kiibstiate TS foHRted 8h a surface

of the plastigsubstiateand the undgtlayer and theraubseqrent layers iajie thenformes aver the
adhesive layer. The present invention also provides a magnetic recording apparatus in which is

installed the Hidg§heti@re STRIRGAFTIM. 1t18PTEHEREH that S 8BRELTe 129¢F% a carBB film. It is
further prefepesitbat the carbon/blm condaivs @i gredetersrined amesint of hydregensand has a
polymer structure. It is still further preferred that a value B/A (a value that is found by dividing a

measured difftRHg Mténsity fralie BPFy Kbttty mteHER (iHiGe 1) BF&RaMan
spectrum acgidredRyrthgRamansstaitering:spastregeepy ¢ the garben filpyiseguakto-an greater
than 6. It is further preferred that the carbon film is formed
affinity to the plastic substrate is formed on a surface of the
plastic substrate, and the underlayer and the subsequent layers

are then formed over the adhesive layer.

The present invention also provides a magnetic recording

apparatus in which is installed the magnetic recording medium.

5;fﬁuqﬁﬁ

It is(broffered}that the adhesive layer is a carbon film.
It 1is further preferred that the carbon film contains a
predetermined amount of hydrogen and has a polymer structure. It
is still further preferred that a value B/A (a value that is
found by dividing a measured diffusing intensity (value B) by
a calibrated diffusing intensity (value A)) of a Raman spectrum

acquired by the Raman scattering spectroscopy of the carbon

film is equal to or greater than 6.

It is further preferred that the carbon film is formed
under presence of mixed gas containing hydrogen gas or hydride
gas. It is preferred that a percentage of the hydrogen gas or the
hydride gas in the mixed gas is equal to or higher than 25%. It
is preferred that the concentration of the hydrogen gas lies
inside such a range that the value B/A is equal to or greater than

6.



under presence of mixed gas containing hydrogen gas or hydride gas. It is preferred that a
percentage of the hydrogen gas or the hydride gas in the mixed gas is equal to or higher than 25%. It
is preferred that the concentration of the hydrogen gas lies inside such a range thaBthlvalis B/A is
equal to or greater than 6. 1 9 JUL 2006 8 Embodgnents of the Invention A desertion will now be given
of embodiments of the present invention, but it should be understood that they are only preferred
examples of the present invention and there is no intention to limit the invention to them. Embodiment
1 An adhesi mi;dé/g{f}‘lormedgé at%aerbfn filn}:gogtaining hydrogen (hereinafter referred to as "CH film")

t
was formed by a known ssputterlng method us?ng a carbon target. Ar+H2 gas was used as the

atmosphere in sputtering, and various adhesive layers were formed by changing the concentration of
hydrogen in the gas., Table 1 shows. htle results. The adhesive layer is comprised of a substrate,
adhesive layer, undérlgﬁgﬁ rljr’%tlecr)r%gd'lg e?gyel?en?ééfr?&ig(%aye/geﬁ %%%&e Pa%%rf%n%’ Srgtléecﬁ\%niayer that
are composeichwafre: plastic substiate, Ghifili} TH/ filomdRur fitmo@oChRt=SiORe filny rH fitmland CN film,
respectively. 'I;hef ggpegiveelaxgr iﬂgs a ff'l 1t,lrgeicknreessseoftloinrp]. Tge resulting ma netic recording
medium sarﬁplee was 16ft under such conditions as ord?nary?e%%e}gfﬁrea,n empéera?urlesofrgbC/SO%RH
(four hours), t46€n{favnhowrs) iand attknaryvempemture mhdis. cycle. Whether the film of the sample
was expanded or not was determined by observing the sample with

Embodiment 1

An adhesive layer formed of a carbon film containing hydrogen
(hereinafter referred to as “CH film”) was formed by a known
sputtering method using a carbon target. Ar+H; gas was used as
the atmosphere in sputtering, and various adhesive layers were
formed by changing the concentration of hydrogen in the gas.
Table 1 shows the results. The adhesive layer is comprised of a
substrate, adhesive layer, underlayer, intermediate layer,
magnetic layer, block layer, and protective layer that are composed
of a plastic substrate, CH film, TiW f£ilm, Ru film, CoCrPt-SiQ,
film, Ti film, and CN film, respectively. The adhesive layer has
a film thickness of 10nm. The resulting magnetic recording medium
sample was left under such conditions as ordinary temperature,
temperature of 80°C/80%RH (four hours), -40°C (four hours), and
ordinary temperature in this cycle. Whether the filmof the sample
was expanded or not was determined by observing the sample with
an optical microscope. A B/A value of the CH film is a value that
is calculated from a Raman spectrum of the sample as stated

previously.



an optical microscope. A B/A value of the CH film is a value that is calculated from a Raman spectrum
of the sample as stated previously. 9 Table 1 1 9 JUL 2006 ConcentrationRaman spectrumResult of
leaving of hydrogen gasB/A valuels filmOthers (%)expanded? 01.34YesCracked after film formation
51.48YesCracked after film formation 101.72Yes(racked after film formation 152.049edBradltéd after
film formation 202.71Yes Cracked after film formation 256.10No- 309.07No- As is clear from the Table
1, if the cona=iitatidn of the hydrogen gas has reached 25%, the B/A value of the Raman spectrum
rapidly increases from 3.0 or smaller to 6.1. This indicates that the carbon film is polymerized. The
polymerization of the carbon film prevents the film from expanding or cracking film after the film

formation. O (FROGPRF FRRHOT thEBRARAREFEH TRt Beﬁ\)nllﬁ\% gﬁé‘@ 8t greater than 20%, the B/A

value of the Rafah r%%%%tr‘?ﬁﬁ is nofgfeatérthan 3. OI%md the fgrnﬁé&ﬂlrr?@ﬁrs

1.34 Yes Cracked after
film formation
5 1.48 Yes Cracked after
film formation
10 1.72 Yes Cracked after
film formation
15 2.04 Yes Cracked after
film formation
20 2.71 Yes Cracked after
film formation

25 6.10 No -

30 9.07 No -

As is clear from the Table 1, if the concentration of the
hydrogen gas has reached 25%, the B/A value of the Raman spectrum
rapidly increases from 3.0 or smaller to 6.1. This indicates
that the carbon film is polymerized. The polymerization of the
carbon film prevents the film from expanding or cracking filmafter
the film formation. @6 the other hand, if the concentration of the
hydrogen gas is not éfeater than 20%, the B/A value of the Raman
spectrum 1is not greater than 3.0, and the formed film is a
relatively hard amorphous carbon film. This amorphous carbon
film is similar to diamond in structure, and is therefore called
a DLD (Diamond Like Carbon) film. This film, however, is cracked

e

after the film formation.

Embodiment 2

An adhesive layer formed of a carbon film containing
hydrogen was formed by a known sputtering method using a carbon
target. Ar+H; gas was used as the atmosphere in sputtering, and
various adhesive layers were formed with the concentration of

the hydrogen being fixed at 25% while changing the concentration



relatively hard amorphous carbon film. This amorphous carbon film is similar to diamond in structure,
and is therefore called a DLD (Diamond Like Carbon) film. This film, however, is cracked after the film
formation. Embodiment 2 An adhesive layer formed of a carbon film containing hydr8gdsiwgggormed
by a known sputtering method using a carbon targgt. Ar+H2 gas was used as the atmosphere in
sputtering, and various adhesive layers were formed with the concentration of the hydrogen being
fixed at 25%owhitlg ¢hapgmgithettenceriraticaiiBelUL 2006s1@hef hydrogen in thelgast Table 2 shows
the results o%the filtm formapgg. Tg%}gdshegieve I%¥er isicom rILserd. of g su?strate, adthevae layer,
underlayer, intermediate layer, magneﬁc Jrayer, 5¢ck Ia;sier, and 6r%?ecti?/e Iaaye?'lfﬁgt are Sémposed of
a plastic substrate] «:Hfde TjWafilie rRafdm, CaCeRSi02 tikm] dy &lm, ranch €N Glmarespectively.
The adhesivgllag? Tas a film t ickn%ss gf, 10n£n. Thetrgsultin]g maoqrrlletic rgc%din% eoEum sample
was left in a'2oRstanteMperatire oveh Under sich ‘contitions as Srdinan, temperiiie “temperature
of 80C/80o0RHFauiaheyrs)d -4QCHfont Mofid)n, ard ardinary temperattog inithis, aicleiWhether the
film of the sam%Ie was ex anded or not,wai deterrm{]ed gy 8bservin%the sar’gple thro%{gﬁl an optical
microscope.a,&1 IKNalti S thé TR Fifm i€ A Value thatds caﬁlcfjelgtfevdE frofra Rafian ?pe th of the

sample. Tabie2&HSEmRamanspectrumResult i leaving iigkeess recording medium
sample was left in a constant temperature oven under such
conditions as ordinary temperature, temperature of 80°C/80%RH
(four hours), -40°C (four hours), and ordinary temperature in this
cycle. Whether the film of the sample was expanded or not was
determined by observing the sample through an optical
microscope. A B/A value of the CH film is a value that is

calculated from a Raman spectrum of the sample.

Table 2
CH film Raman spectrum Result of leaving
thickness B/A value Is film Read write
(nm) expanded? characteristics
4 6.5 No Favorable
6 6.7 No Favorable
8 6.1 No Favorable
10 6.1 No Favorable
20 6.3 No Unfavorable

With respect to the film expansion, the adhesive layer does
not depend on the film thickness, and the film is never expanded
insofar as the B/A value of the Raman spectrum is not smaller than
6. With respect to the film thickness of the CH film (carbon
film), there is no problem insofar as the CH film is formed to
have such a film thickness as to achieve the favorable read

write characteristics.



B/A valuels film Read write (nm)expanded?characteristics 46.5NoFavorable 66.7NoFavorable
86.1NoFavorable 106.1NoFavorable 206.3NoUnfavorable With respect to the film expansion, the
adhesive layer does not depend on the film thickness, and the film is never expanﬂgd‘;m_sc?iﬁﬁas the
B/A value of the Raman spectrum is not smaller thgn 6. With respect to the film thickness of the CH
film (carbon film), there is no problem insofar as the CH film is formed to have such a film thickness
as to achieve the favorable read write characteristics. 19 JUL 2006 11 Advantageous Effects of the
Invention As %gr%cg@ede%b%v%&cecgégin(gftotrpe &reggg%ilrgvention, the adhesive layer formed of the
carbon film is Tofmeq on the plastic substrateei)y l%rmlng the film having with the B/A value of the
Raman spectrum being equal to or greater than 6 in atmosphere of the mixed gas containing
hydrogen of not less, than 25%, and_this realizes the magnetic recording medium using the plastic
Subtrate, which nets: B R SR ot ISk SuEh oA B Shoe e

80C/80%RHad®=HIk 20042 Claimes] of the carbon film is formed on the plastic
substrate by forming the film having with the B/A value of the
Raman spectrum being equal to or greater than 6 in atmosphere
of the mixed gas containing hydrogen of not less than 25%, and
this realizes the magnetic recording medium using the plastic

substrate, which never causes the film expansion even under such

conditions as -40°C to 80°C/80%RH.



1. A method of manufacturing a magnetic recording medium comprising at least a non-magnetic
underlayer, a magnetic layer, and a protective layer sequentially formed over a plastic substrate,
comprising the steps of: forming an adhesive layer composed of a carbon film, ha)!l' g cgfpg]ical
affinity to the plastic substrate formed on a surface of the plastic substrate, by sputtering on under
presence of a mixed gas containing hydrogen gas or hydride gas; and forming the underlayer over the
adhesive layer, wherein the carbon film has a polymer structure, and wherein the percentage of the
hydrogen gas or the hydride gas in the mix,%l gas is equal to or higher than 25%, and wherein a value
of (measured diffusing intensity)/(calibrated diffusing intensity) in a Raman spectrum of the carbon film
is equal to or greater than 6. 2. A method according to claim 1, wherein the percentage of the
hydrogeqlaé’é'gor the hydride gas in the mixed gas is 25%. 3. A method according to claim 1, wherein
the percentage of the hydrogen gas or the hydride gas in the mixed gas is 30%.

1. A method of manufacturing a magnetic recording medium comprising at
least a non-magnetic underlayer, a magnetic layer, and a protective layer
sequentially formed over a plastic substrate, comprising the steps of:

forming an adhesive layer composed of a carbon film, having
a chemical affinity to the plastic substrate formed on a surface of
the plastic substrate, by sputtering carbon under presence of a
mixed gas containing hydrogen gas or hydride gas; and

forming the underlayer over the adhesive layer,
wherein the carbon film has a polymer structure, and

wherein the percentage of the hydrogen gas or the hydride gas in
the mixed gas is equal to or higher than 25%, and

wherein a value of (measured diffusing intensity)/(calibrated diffusing
intensity) in a Raman spectrum of the carbon film is equal to or greater
than 6.

2. A method according to claim 1, wherein the percentage of the hydrogen
gas or the hydride gas in the mixed gas is 25%.

3. A method according to claim 1, wherein the percentage of the hydrogen
gas or the hydride gas in the mixed gas is 30%.



