;]7e3el I | FI (j 6T28#1 Magnetic Recording Medium Method of Manufacturing the
"Sane, and Magnetic Recordi ng Apparatus Technical Field of the Invention The
present invention relates generally to a magnetic recordi ng nediumwhich is
installed on various kinds of magnetic_recordi ng apparatuses such as an
external storage of a conputer, a net hédd of manufacturi ng the magnetic

recordi ng r@adln%@icaagcgr%\&g] eld(iurg?c gglw (fafoparat us using the magnetic
recordi ng medt um “Prior- Ar gnefnl c Técording nedia have been required to

have a hi ghMdRFacduBIngensd tgamedndntiRaianiay RebBeravhd agasaraftuishe magnetic
recordi ng nedi a have been required to be flat to enable lowlevel floating

of a recording head over the surface. To inprove the nmagnetic recording

nmedi a, a valreic%%écgg pﬁclfenl%s%lfstggwfamp?e&r%oarﬁade with regard to the conposition

and structure oOf nmagnetic layers, nater s for non-nmagnetic underl ayer,
materials for non-magnetic substrates, and so forth. Al um num and gl ass are
mai nly used as material for the non-magnetic substrates, but in particular,
pl astic material SPEhIRFRSEBEYFBVeREEPH KRBt 2FTHI JerREA WeekP pf ofBgRet b5

materials for.40g Ron:Banat i ¢neURst 1at es,ip. 1 fLIS.Rf JERe chagacterdstics
t hereof. Pr o{ﬁ emte be Sol ved By t he Tnvent ?%n éﬁﬂ‘éo ménet?c recordi ng nedia
are requir athdrethe patotding agpbhet hong-suehnas edr akitbrhyl i stddagesered e
environnent in order to , _ , ,

computer, a method 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-magnetic 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 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 maintaining

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

AR gy
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2 enable the lowlevel floating of the magnetic head that realizes a higher
recording density, and to be used for digital electric hone appliances that
are expected to widely spread in the near future. An extrenely |ow
tenperature of -40C to a high tenperature and high humdity of 80 C/ 80%H
are assuned as the severe conditions, and under such conditions, the future

magneti c recording nmedia are required to operate normally for five years.
Further, the"dist The ke MeaGreti@vi@Cor bitily RednatFoleadetiate TP 41 £2Y

el ect i C Mol Gl 80CER AP ALY 0 BOE AR LAY, d MCE 1ERAR; L Nat of
t he conventional magnetic recordi ng nedi a. Magnetic recordi ng nedia using
pl asti ¢ subisérnicatapplhaviee prambisaras erpgoedd cca edaedyngpret dncapabheaof

deal ing the circunstances. However, if a conventional magnetic recording
medi um usi NS -ast | BN suBstFarely sleestemprerrferre i sedelfe tomii Ridhs,
fi1mexpansign. 48 kind,0h fidmaxiallald onh achiitn Liel s, LARLEA g, an
obj ect of the present Invention to provide a magnetic recording nedi um
usi ng a pl as¢veresubsdtatersgsand node regrdt cenditishsat the Antduexhiabhésic
excel l ent characteristics mﬁthout,causigg?filn1ex ansiogegv n under the

severe condfEFHE Ia" At hGd Cof S HAHiREP (TR5HG “ChRC iRyt 87 r 'St PAG® medi um
and a magnek) £ HAGHHE H0s 2PPRhBIEENEEL O9e LHEI ITRANEI 1 L1 £69E €h8Q 1 gBEL UM
Arrangenent for Solving the Probl éns Inventors of the present invention
conduct ed valé¢ousicekperei appl sarared REei edu e ds dglovbet bensirmrabiwnipened

robl ens, and found the follow ng solution.. Al arge nunber of nagnetic
Pecordi ng nbdR™ CBF & ot AE GEURBBT Ot He T ABRY L EREPERE BEVE? o MBABFEFBNs to

cause film expansirgn, h&gid ocatipnspefisthe ELhbm expansion Wersnohseryed. |t
was found 3 out that the filmwas expanded mainly between a plastic
substrat e amdgmatiwndecbaygeng frovdied cepsblocd Weagliagt tite salsturgttenceés . was
assuned that this was because the chem cal structur(ﬁirof the plastic

substrate hH&"H'S%Gw df A nicPPVEB IR L FEFPEAL CsFRERIUTY SEHHE H5yR9 % or ned
thereon, ang;ibe distRrt-hen s$tresscaengiRiedndndevethecspMarRnepndiihons
such as the tenperature and the humdity is concentrated on an interface
havi ng a | osxkpdidimint (a Fonddef eSsln leix$opiabl@nm adsarispventors of the
present invention formed a |ayer, which has a high affinity in chem cal
structure to a plastic substrate and to an underl ayer and a nmagnetic | ayer
formed on the plastigssubséiatcdyse QA geslr bacenof pidedd astieatsuhstoat e,
and sequentially |am nate the conventional underlayer, magnetic |ayer, etc.
on the | ayeprovige anvegneiris sfcohelpy asdhumiupianst ¢ on dsddrds vt natgt ag
carbon filmand nore partjcular a _polyner.ized carbon filmwas.suitably
Geed as  nBoorRoner it RsBEETRrY  Reter iR T e Rl o RS

| ayer") havivbgheuthicglsahdifiliyekparcdiedl 6aén Sindeet tii€ skOebotdoridie iphasti c
substrate and the |ayers | am nated thereon. Pol ynerization causes the
carbon fil nPtBeHRk o RAPgHIAFEYHING the BRASRTEH reCPUELDe eed W/ pRASt f e

omr | sed ol ST PLToTAME PRE T R P A A e B ot ik e PalR o By 1 ng

t he adhesi ve | ayer conprised of the carbon filminproves the adhesion

bet ween the plastic substrate and the underlayer, and prevents film

exfol i at i onPEFargeRenth&od SPbrindtha PEe81eEs applied to the nagnetic
recordi ng nedi um under the severe conditions. Although the nethod of
formng the carbon filmis not particularly restricted, the carbon filmis
ordinarily formedreritlesspuf t ehengmeehod,indiespdsnt icomdaetbdd,vaari oGYD

met hod. The carbon filmcan be pol yneri zed bg/ i ncl udi ngitherei na 4

experiments and reviews to solve thé 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



predet erm ned anount of hydrogen atons. The degree to which the carbon film
"i's polynerized can easily be deternined by the Raman scattering
spectroscopy. Thiis is based on the follow ng principle and the conventi onal
know edge. It is well known that an increase in the degree of

pol ynmeri zation of an organic filmor a3carbon film (an increase in

pol ynmeri zed conpo ts).increases the intensity of fluorescenc ener at ed
o Ve of THORRSFiSIbhEE “BT SRetdaenPe Y BELrEE™ 61 PRbt bAoAt e and
the intensiipy oh ggAEFBLRL fHoURERSEENC Ak Re SPRSARt kabbyrProportigmal to
each other. On the other hand, the Raman effect in which light is scattered
with a frecqaesimeddi theti g iy st ipecaspei blee demmidaghts tiricknpane st ke
phenonenon cur.rin en light is_irradiated, an subst.ance _as s ihe case
B the r1EEbe AP ERe Y 4 el A B R sen s Be e e By e

commer ci al | yf awai 1 apd e rhometisthdieohheaRAAAB STAIdreriionds 5PE6d Ges6oPpYed N

whi ch the Raman spectrumis nmeasured by utilizing the Raman effect, and the
ener gy | evedndsfr direobjse¥eres CPadht i $1eduiid adettdenits@@e r¥hur Ragvpth the
scattering CI.LOSCOPY.. | i.del ed f Ldentifi i a erm nation
of | am nati arHrdy oF ro s N ced ST ke bR ra i R AT EREN S The
Raman spectramddedsd tyid e oBagRn Soatih@ehdgrSRECEheSEAeephesRNisn t he
intensity of Raman scattered light with respect to the Raman shift (wave
nunber) . NeRrms§l ¢ LAeeRandyicichet &t ddahi ghtimpyty dpsehemcdy géreseert |ight
may be emt | NG f_1jght r.di irradiat S nces.
In this cas{é{?%t ﬁgggﬁéj%gggfqﬁggge%{c&egtg ??%&tﬁeggggi%%ggsg %%egcqﬁaggg%%und

| evel of a speGid WM eHe Vel aanid tshibstrébe, meastheedul Ndensdf e hef pl het Raman
spectrum corresponds to the sumof the fluorescent light intensity and the
5 Kaman scafiRYedteighenNfint eREINPNEFALLRS or 2MANYEE uetRhatcNyeRbupRP by
subtracting . Qr 1 . Nt ensi I f i to a
backgr ound Trge%/%lai}}r%géel%%tlsdpg% ?th]eggaég%%%%%hgé}éﬁ'af '[T gfg] J?ne‘%gjr%r%éé ('?Jg as
"the val ue ti9 premrtheimeasuved fonhensutythatval cerboomtihe basemdbtare

| evel to a peak point in the Kaman spectrum diagram hereinafter referred
to as "the RAFULBAFLYBaXPOLYrEEsifchde e af L4 i Pt B RN useAt 22 r2d
light intengi{y. (herginahten(eLerfotd {12 As "t Rerdalde ' s Aédgeggféﬂ t of
vari ous experinents and revi eiws conducted based upon the above kno edge,

t he i nvent oisyaf” )t hevimesentgh rfEnhi oy ihousicenoiuta 1t hiatud thergpod yoeehi zisd | on of
the carbon filmcan be satisfactorily determ ned wi th, excellent

r epeat abi | i P2y i cRFAYE1AF R he@RAmarfipect #¥inDf LABIRATHON £PPATO? eadi ng

the val ues Bo%ﬁz%ftibﬁlﬁ‘caig%%tr‘ﬂén ardofiMidi PG nbhe yaliue B oyithe;yal ue A

(the resulting value w be hereinafter referred to as "the valué B/ A"),

and det er m ahenyt daie sdegrReroftopalplrmsitiizat Wt reft et helhregsubed fiillme dgeor di ng
to the value B/ A .Nanely, .the carbon filmformng.th hesi l.ayer .is

ol yrer | 2ed' 5 3 AP T s B i CBPEHLT LT RBE CAROE 61 TH) O BoRtd and
the suitabl enamustl &finRYdHQELPNE Ra@LIRIRNAL | B3RS nptHOdURSsk J 1k o of

filmformation can be found with reference to the value B/ A of the Kanman
spect r um obtempwics dsly offheh&Kapmirbayc ftitlar ingr eyssc tthesadbys odn thegwkennelle car bon

film In this case, th alue B/ A i referably equal to or greater.than 6.
The i nvent o?ga?:t_olncductsél S\éfﬁ Fi r’%nﬁo} s%ké d urnéj\?irZ\?\éefb AN ?ﬁ%v‘%bttsl ngf‘nh{l/al ue
of the fil mihbrianass okveheigathendfibtorriand seached st Replobh ovb Nghe
conclusion. There is no necessity of 6 restricting the filmthickness

si nce the fRegRethicKeEosddDR sMebiuyagderythd faaerehecsgetitehce of film
exfoliation. However, the filmthickness affects the read wite
characteristics, the filmthickness nust be adjusted to lie within such a
range as not to dditeoughat@et i@ thedd or ifbe@meh@r 8Ré echsbowStifmiom t Rbs

st andpoi nt, the optinmum value of the filmthickness varies according to

material s fBRTEHE Ifdget ¢ L1 & @d. akle tREPPArgem i &crtingg 1d¥nstemed and
therefore, ggﬂgﬁﬂ%\s%g@h%, the s LRI GkNESS G3NROb REL&Strigled to

a specific
carbon film can be polymerized by 1including therein a



According to the present invention, the adhesive |ayer fornmed of the carbon
‘filmis formed on the plastic film and the carbon filmcontains a arge
amount of hydrogen. Including a | arge anbunt of hydrogen in the carbon film
pol ynmeri zes the carbon film The polynerization causes the carbon filmto
have affinity in chemical structure to4the plastic substrate. Therefore,

the carbon. filmhas a high adhesiveness to both the plastic substrate and

the under | aBEid%Rd™ER_Y | AN TaRT TBBGIGH THREDI a5hF Co9FBSt Fardicthike
consi der abl g, sieduoes 4 he DORME [GORE, &f Lhhm.ex! &l it it ilibka bheciy | or

art. Summary of the Inventi he present inventlon provides a nagnetic
recor di ng nihiarmswhitcar Cogpspesas oaicobgastThd sndn- hagetdrc tredéplldyeing
magnetic | ayer, and protective |ayer sequentially forned over a

non- magnet i %ﬂﬂiﬂ?ﬁag89 the FRIgRETenPECR U ARG IFedi um wherei n t he

non- magnetic substrate is a plastic substrate, and an adhesive | ayer having
a chemcal affinity to the plastic substrate is formed on a surface of the
pl astic substratét is Thelpr ésenh ithagntdaroniatsergr ovhdadea dmtreed of

manuf acturi ng a magnetic recordi ng pedi.ym which c ri,ses at least a

non- magnet | & UG PAYEPT HagelTear by drt el Proveeti voT afdy ‘SE5LRMR i al | y
fornmed over;a nO%‘o@ﬁ@?ik&ds%ﬁﬁcﬁk%1ts§ he ; gt bogk svhanRl NiindeRb@syi Cor
substrate is used as the non-nmagneti c substrate, an adhesive |ayer having a

chemi cal affluntgscepcehgepdastdd isubsne adfe liighfoinedderce wuthacéibf. t he

| asti bst dth der | d.th b t | h
Pormed over eSSt Ve PayBIc Y BRoSBAt Ty GRLFOR Bl S8 pPOUPABED

nmagneti c regpisidiGeaBRaL 8k Usuddt aMiiahl | Sptdsdalilopd 1t he aRanedre . ecor di ng
medium It is preferred that the adhesive layer is a carbon film It is
further preferred that the carbon filmcontains a predeterm ned anount of

hydr ogen and has .a p mer. structure .. It is still further preferred that a
VA ue B A (a val 68 CRREPEREbuRE by Wit & AResSuiBd "aFRus BB Rt enel v
(value B) bycaxtealddbrates di ffugiuedcinbensdiihg vakse AhatoforaiRamBent
spectrum acquired by the Raman scattering spectroscopy of the carbon film
is equal tolbghlygreat 8Rovhanse. alt dhenppenper preperied twean t hegktarbdn film
is fornmed underjg&%%ence of ”1X§9b9€5 containinqshygkgg%%s%agmg%hgydride

gas . It islfﬁ%ﬁerred that & percen %Egeofafhe %ydrogen gas or %@dride

gas in the pixetgrati 9igatal t @ afadieghelhrt kamad5Spektris ROLELSPOAE t hat
the concentration of the hydrogen %as | ies inside such a range that the
val ue B/ A isowefifdialdYoragrekakdie t Bah 61se GnEnbdédeneRtmanf SCRELERLRML I on

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



A dissertation will now be given of enbodinments of the present invention,
‘but it should be understood that they are only preferred exanples of the
present invention and there is no intention to limt the invention to them
Enbodi nrent 1 An adhesive |ayer fornmed of a carbon film containing hydrogen
(hereinafter referred to as "CH filn')Swas formed by a known sputtering

nmet hod usi ng a car bon t%gget. Ar+HZ gas s used as th? at nosphere itp
sputteri ng, NHMT VSR T SUSLLGhERT vBEFRAYERS wWhPRE § i hfed® B9 LERANGIty R
concentrati Qo th¥dE9geNchd 41 r@38endabighel isReWsithe(d aauhls srdhea | ayers
is conprised of a substrate, adhesive |ayer, underlayer, internedi ate

| ayer, nmagnetse limpgerto W delcoapend aevebr bt extRaear spectirhat daperaonposed

of a plastic substrate, fil TiWfilm filgy CrPt-Sioz fil Ti
fi1m and CREFIRECPES pEEFPTETY. ST acHii (a Heayor H36ms S| FEPAIERbess of
| Onm  The restdding MBINEILE FRHOLAENG. SR 1Y S_KBheryas dafid pyaderisuch
conditions as ordinary tenperature, tenperature of 80C/ 80%RH (four hours),

-40C (four HvurRgmanameeckdimardiacaaper heoeend fiterhi sefyeied WeethelPthdie film
of the sanpl e was,expanded or not s det er.nm ned observing the,sanple
ooy S R BB S0 e il & T rdten Yo FEdtr S L ERar T
cal cul at ed f#QnAtRaNBBr&PLEE fdiMQfrctrhed SEd £ “asest;at €d previ ousl y. 9
Tabl e 1 Concentrati onRaman spectrunResult of | eavi ngof hydrogen gasB/ A

val uels fil mXhers(% expanded?01. 34YesCracked afterfilm
formati on51. 98Ye c terfilmformation . 72Yes cked afterfilm
DA SR LR (T MarTe e (R AL 5 T e RS bt e

formati onl52. 04YésCracke ac I m

f or mat i on25ga ddNarpdh Ghe NBovAS knswCkegs, fim ihentalkke ok, thk bhesent
concentration of the hydrogen gas has reached 25% the B/ A value of the
Raman spect fRYRTHASINdIEPUNAcoeasest thm Boywnr igmkirer of ot rarbensfikmi cat es

that the carbon fil.mi| Lvnerjzed. .Th | rizati.on of _the .carbon film
prevents théep? iblen% %&oansaec%%é%é' ndgeztoerméP ggk"ﬁ%}y g??ﬁ%qte?e?%aet%ﬁlﬁ%fyg?hti on.

On the othepibiaiid up tdhe eensenégadvram of the daydoagenlgas-dasiingt tgs eat er
than 20% the B/ A value of the Raman spectrumis not %reat er than 3.0, and
the formed T#IvRS & andet A FérysShaser HhorphotsY kMo PRI YA ueTH $Yak®de phous

carbon filmi i [ ng.. i Tyciur is .t alled a
iD (Di amond L1k i ors i at B phd bR A 8 PR L6 e
filmformtiome EilwedBiEni, 2ah dadbkesinend ayter degiraedo Dfpdl ye@rhaatioh m
cont ai ni ng Eédrogen was fornmed by a known sputtering nethod using a carbon
target. Ar+PZ s MRasugsedt At tafe o ipepheres vadpst BéRi ng, and vari ous
adhesive layers were formed with the concentration of the hydrogen being
fixed at 25% whil e changing the thickness of

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 in 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



10 carbon film Table 2 shows the results of the filmformation. The |ayers
'is conprised of a substrate, adhesive |ayer, underlayer, intermediate

| ayer, magnetic layer, block |ayer, and protective |ayer that are conposed
of a plastic substrate, CHfilm TiWfilm Ru film CoCrPt-Si02 film Ti
film and CN film respectively. The aflhesive | ayer has a filmthickness of
| Oym The resulti nﬁama neti_c¢c.recordi ng nmedjum s was in const ant

I l.eft
t enper at ur & Ve CinBgr i EBnbttg Sas® gt ﬁglggff?%ﬂpetrhd'tc&%,sst tfper at ure

of 80C 0%« f QA QU Y 5re AOCG Kd OUBCBOMF e a8 Okdiparyrbempergiure in
this cycle. Wiether the filmof the sanple was expanded or not was

det er m ned Hppeyleser vithg t He lmanpl ehtibkoagh aafdpttical tind cr osxbpewriX B/ A
value of the CHfilmjs a value that is, calculated from.a Rangan_spectrum of
he " Sanpl o CPRIBCE 5 LT 1 nikirart Dpalt iR 02T QD RS AlokHELL S nm B A
val uel s film@xpandeRd?Reaghid t£s not to deteriorate the read write
characteristics46. 5NoFavor abl e66. 7NoFavor abl e86. 1NoFavor abl e106. 1NoFavor abl

e20 ~6. 3 ~Nhavgstavephbte. WFEhnr égpcct standaed oty | fFhex paisivon, vehee adhesi ve
|ayer does not - depend. an Lhe, L110m ¢ hi ckness, . and, Lhe £ L Ls. peer, expanded
i nsofar as the vai ue of e Raman“Spectd unl'f s*hot Sshal Fef "t han
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 magnetic 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.



6. Wth respect to the filmthickness of the CH film (carbon filn), there
"is no probleminsofar as the CHfilmis forned to have such a film

t hi ckness as to achieve the favorable read wite characteristics.

Advant ageous Effects of the Invention As described above, according to the
present invention, the adhesive |layer Jornmed of the carbon filmis formed

on the plastic substrate by formng the filmhaving with the B/ A val ue of

t he Raman spectrum being equal to or greater than 6 in atnosphere of the

m xed gas contai nLpng hydrogen.of not |less_than 25s,. and thi lizes the
magneti c recordiﬁgené%¥ﬁﬁ$%§iﬁév?ﬂgl%TastFésgu f#%ﬁé;s\M% cﬁeég@%rcgguses

the film expangaenueved dndegnstcd ceBdrdi@NSmadintOihich 80kH80IRH.at 12
Clainms 1. A magnetic recordi ng nmedi um which conprises at |east a

non- magnet ikeagtderl ajer marRfietd c Undgetayeihd proeerttie |l@ayer sequettial ly
formed OVEQHQ¢@%@1G§9”615§59Ugggggﬁggaﬁﬂﬁr blted over a non-magnetic

substrate, the method wherein: a plastic substrate is used as
the non-magnetic substrate, an adhesive layer having a chemical
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.

It is preferred that the adhesive layer is a carbon film.
It is 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 correspond that the concentration of the hydrogen gas lies

inside such a range that the value B/A is equal to or greater than

6.



t he non-nmagnetic substrate is a plastic substrate, and an adhesive | ayer
having a chemcal affinity to the plastic substrate is fornmed on a surface
of the plastic substrate. 2. A magnetic recording nedi um according to claim
1, wherein the adhesive layer is a carbon film 3. A nagnetic recording

medi um according to claim2, wherein tBe carbon filmcontains a
predeter m ned anmount of hydrogen and has a polyner structure. 4. A nmagnetic
recordi ng medi um according to claim2 or claim3, wherein a val ue of

(rmeasur ed dif.f usi intengjity. l.ibrated diffusing intensity) in a Raman
spectrun1o?é %ﬁ%ﬁ%gﬁgngfi réi%#égﬁiifgto or greater than 6. 5. A nmethod of
manuf acturing a magnetic recordi ng nmedi um whi ch conprises at |east a

non- magneti c underl ayer, magnetic |ayer, and protective |layer sequentially
formed over a noﬁ-ﬁ&@ﬁéFFétgﬂbsﬂﬁéﬂePOWhé?eGHYG%i?ﬁeﬁQQQ91§GB§§raget¢% used

as the non- 51 il(:mﬁquﬁto&la,‘t};%t an adhesh ye 'Lﬂya%rrs?%%éh%a% SIS Al finity

to the plastic substrate is torned on a surface o e plastic substrate,
and the underdmrafedandxbhplssbsequent preseits arventhen &ndnmedeowers tihe
adhesive layer. 13 6._ A nethod of manufacturing a magnetic recording

medi um accot®fSif 8 EPat #PEL Hiferl&VANEhen dthddi®fe | ayer is forned of a
carbon film 7. A nethod of manufacturing a magnetic recording nedi um
according to claim6, wherein the carbon filmis fornmed under presence of
m xed gas ceExbadimeng hydr ogen gas or hydride gas. 8. A nethod of

manuf acturi ng a magnetic recordi ng nmedium according to claim?7, wherein a
percentage of the hydrogen gas or the hydride gas in the m xed gas is equal

to or higher t ha@\.nzéf’{?esive 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 layers 1is 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 film, Ru film, CoCrPt-Si0,
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 film of 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.



9. A magnetic recording apparatus in which is installed a magneti c
‘recordi ng medi um according to any one of claim1 through-claim4.
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As is clear from the Table 1,

hydrogen gas
rapidly

that the carbon film is polymerized.

increases

from 3.0 or

smaller to 6.1.

if the concentration of the

has reached 25%, the B/A value of the Raman spectrum

This indicates

The polymerization of the

carbon film prevents the film from expanding or cracking filmafter

the film format

the hydrogen gas is not greater than 20%,

Raman spectrum

a relatively hard amorphous carbon film.

film is

a DLD (Diamond Like Carbon) film.

after the film

Embodiment 2

An adhesive layer

ion.

is

formation.

forme

On the other hand,

This film, how

d of a carbon

if the concentration of
the B/A value of the
not greater than 3.0, and the formed film is
This amorphous carbon

similar to diamond in structure, and is therefore called

ever, is cracked

film containing

hydrogen was formed by a known sputtering method using a carbon

target.

various adhesive layers were

the hydrogen being fixed at 25% while changing the thickness

Ar+H,; gas was used as the atmosphere in sputtering, and

formed with the concentration of

of
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carbon film. Table 2 shows the results of the film formation.
The layers 1s 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 film, Ru film, CoCrPt-Si0O, film, Ti film, and CN film,
respectively. The adhesive layer has a £film thickness of 10nm.
The resulting magnetic 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 1is 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.
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Advantageous Effects of the Invention

As described above, according to the present invention, the
adhesive layer formed 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.
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the carbon film contains a predetermined amount of hydrogen

and has a polymer structure.

4, A magnetic recording medium according to claim 2 or claim
3, 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.

5. 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, wherein:

a plastic substrate is used as the non-magnetic substrate,
an adhesive layer having a chemical 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.
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carbon film.

7. A method of manufacturing a magnetic recording medium
according to claim 6, wherein the carbon film is formed under

presence of mixed gas containing hydrogen gas or hydride gas.

8. A method of manufacturing a magnetic recording medium
according to claim 7, wherein a percentage of the hydrogen gas
or the hydride gas in the mixed gas is equal to or higher than

25%.

9. A magnetic recording apparatus in which is installed a
magnetic recording medium according to any one of claim 1

through claim 4.



