; e3eXF 6VTozo MAGNETI C RECORDI NG MEDI UM  THE METHOD OF MANUFACTURI NG THE
SAVE, AND THE MAGNETI C STORAGE USI NG THE MAGNETI C RECORDI NG MEDIUM 5 Fi el d

of the Inventi ogmmmllmmmﬁlm invention relates to a magnetic '
medi um nount ed | storage of a computer and suchnmm W’M
storage, the nethod+@b@anuf acturi ng the magnetic recordi ng nedi Wi, 5021 he
magneti c storage using the nagnetic recordi ng medium Specifically,"the 10

present invention relates to a nagnetic recording medi umincluding a

pol ymer resin substrate, the nethod of manufacturing such a nagnetic
recordi ng medi um MAGNIETHEgRECORDINGgMEDIGVE hdHilsgMETHOBc ORI ng

medi um descri bed a L rt e th iG.r ing nedi a
nount ed on vari ousmmg@gigée ’Qgﬁgrgbﬁ)@s é&lﬁagﬁgxmﬁﬁ@rage of
a conputer are expgqt(gﬁiﬁ ey b i { | KA fully
utilizing the realize |GgFF1er reccr)l;lgllg%g en%ﬁ????%gﬁgge%%Wr ed for
the magnetic head, which wites 20 in and reads out data to and fromthe
magnetic recording nmedia, to facilitate | ower-height floating. For
realizing magnetic recording nedia exhibiting a high recording density and

conpatible.w.t |.ow f | .oat i ng- hei ght nagnetic head, various conpositions
and st?ucﬁ‘ﬁﬁ\%‘sﬂr}ﬁ%énﬁ%’éﬁobroposed for the magnetic layer of the nmagnetic

recordi ng medi var.l J i al t 5 neLl c.auonde i.ng
[ ayer and var (s THepait® bR, Reldibo 0F £ nlRERAT Tebdrati PhEAT
al um num anslugedsh an extdmalitoragetofra eédmpater dbsachnaagaghetic storages,at e at
present, a polyner_resin substrate, the so-called plastic _substrate, has
been pr opébedmethed ofympguiaefaring the newigaetigpeacording mediupyr andicthe; t at i ng
| ower - hei atj f i i.c.he . 1 . i onrdi ng
density r g’géggzéetgc %kn&gﬁg lﬁéﬁgge{flﬁg Iis[r%{eécnc?rt %’l g%oﬁgl&g;%&@nﬁlé%%%cﬂgﬁl t‘|rh%ed, it
i's reqoir galedetit imentRENaelftel €6 adimgendtid eberdifg UpRdivuml imdliflidgora a | ong
tinme in severer environnents. It is also required %qr the 5 magnetic

r ecor di ng Pebiner fresindisybstrate,otiee oethodp of imanufackeringnsiach dewagmtint to
be used reliahly for,.a |on jme in severer environpents. The conditions,
onder -whi GheRutE . R thetnedai Sothes Reute HE dhdeneHo rRtine of o
-40 C to vRéYiudPHes¥hduahsi80 C and 80 % (in relative humdity). Somne
househol d appl i ance nakers require that the nmagnetic 10 recordi ng nedi a be
working normally for five years under the conditions described above.
Moreover, it is indispensable for the magnetic recording nedia for

househol dp’;\rg ]{Iérnces to be manufactured with | ow costs. The pol yner resin
subst fdt e & hopeful to neet the demands descri bed above. 15 Probl ens
to be sol ved j ' : i
hopeful for tﬁgeéselt}gl f?gtggﬁ%?ﬂ?tﬁ%wrrtggg&g} gl%ﬁg%géﬁ]tsaﬁﬁj?gﬁup?m%tkiti on
(a ki nd ofstérdge apjpraatuge)s suehcam eaternal strragagfiet competor altenexpeetidato

i ncludi ng the polyney resin 20 substrate. r preventi the filmjnflation
from causi‘%afg‘)‘blitta gﬁ%é%%ﬂ&%&@as%- ¥or dadl Btlﬁzmﬂgrr%ﬁzeﬁ ORGP ot
ray to th r {,N; ] 1 [

Patent Aphrr Rl debEhl iy HATbES) Telirod KNS i HIARME W hith W ERED

Appl i @at | da diBre sl dhitaabesrbfranptlasimagactic vatirdingreidia, foofacilitatgol ymer
resin 25 substrates, which facilitates inproving the durability of the

lpol yme[) ré@ilivﬁl"éﬁiﬁhtr fealingi Frouealiving maggetisarosprbagt mediapexh 'Fiﬁagm?tiﬁ
rgnet o 1968 tocpdhifte i S ond WA e g o Bk HarksinBIdR Bhkteue] ' "

di schar gecheafl, "RANOEs RIOAPERHOAS T arl] B3tPRtuREs ThAVE ibabhapkepbstdoffrC8hsi ng
deposits a 30 carbon film the B/Aratio thereof neasured by the Raman
spect r oscopagnétic layer of the magnetic recording media, various materials for the
25 nonmagnetic undercoating layer and various materials for the nonmagnetic
substrate. Although aluminum and glass are the main materials for the

nonmagnetic substrate at present, a polymer resin substrate, the so-called

plastic substrate, has been proposed recently for the nonmagnetic substrate.



anal ysis is high, on a substrate. However, it has been reveal ed that the
met hods descri bed above sonetines fail to prevent filminflation from
causi ng depeéndi ng ‘on the layer 5 structure and the fil mdeposition
conditions for providing magnetic recording nmedia with a higher recording
density. In view of the foregoing, it is an object of the invention to
provi de a magnetic recordi ng nmedi um which obviates the problens descri bed

above. It is another object of the invention to provide a very durable
magnetic 10 r dbmrfdicilipamnd lowernieight dohtinigtof thennggnetic dredidngp tleatstltey,

includes g.ppolynmer resin substrate,,and facilitates preventi fil

| nf | at i on EBS Eerpeiling dRRsHRE Tpatiodd yithg TABNEHS Sreirding merd gRak| Rers
descri bed Vi€t | ace i i . LI spect
of the | niohy; SAREE R HCLLAR-APIE thE BEhatt 6N MR fo bl BledioP R
a nonmagneteliabBufista drey vikkle infseteiad! srEFori@ents. It he ahnrmprniedd forsthestrate
havi ng been treated to i nprove 20 the adhesion thereof a nonmagnetic

under cBat imagnetje rregonslingt medianfargdégital homsehelde apphiagaes inow ayederapbove

t he nonma eteg)c unq;eéocg)ati n Ia%elg a Qrot ect iton l.ayer above the magnetic
ayer a | RRSCIPOR I RE 1ok FURPIY AR o J0UR 1R P SRreTeR S ir oS v e
l'ayer bet BNt tibAS RAAG Whidh Bisd bitighetietrebHR1iNG MEMAS reCudbdl @kEAAE | NY

| ayer. 25 According to a second aspect of the invention, there is provided
t he net hodrah veyufoddt-udDn§ donmegpdidtandbanddi) {8 dandn80n%l Goirelptave
nonmagneti c substrate nade of a polyner resin a nonmagneti c undercoating

| ayer aboviimilitylentateediqusebol appliange nmgkers xequiyerthsns Hagysagpetic

nonmagpet i i_ng | . [ b 3 ; etic
ayer 0 EettgE G888 Be R¥ind BERER, OF AR Bbad Bt e ondBHAE

i ncl udi ng dereribb@pthove. Membveg ithie Bidifparable fhiethoRGNG¢ Gesordtig ate to
i nprove the adhesion thereof form ng an adhesive Igéer on the nonnagnetic

subst r at e, media fothbonsehald eappliamcesi ty beemanufpetuved wishnlavg c®stshélhe
nonmagneti c, undercoatin ayer. on the adhesjve | gyer form ng the etic
ayer aboVtPLYER it SO PRLE ife PEDATIORG Loy e Hh Rendh JREEtDah | ayer
above the Jpgaetic layer and forming the liquid lubricant |ayer on the
protection |ayer. 10 Advant ageously, the adhesi on of the nonnagnetic

substrate is inproved by plasma irradiation or by ultraviolet ray
i rradiladti on. Advant ageously, the carbonyl group concentration in the

surface oft non netic, substrate neasured by the X-ra hot oel ect ron
spectrosp&@%iW§ﬁgﬁg§P V%%sbbf Elb‘?#%‘.’efltéqn. %to 3)6 at . %af%/ef the plasna
i rradiation OrAPcBbﬁghtéH’e #61 'ri]@éil Pésgﬁ dubtidté qg'wegﬁlof&dﬂ?@%aﬁﬁﬁﬁﬁé yf the

pl asma irradi ation tses arg oxygen, or a mXx argon and oxygen for
t he pl asmethei scpmetie preardidg Amhdia) Sdmousilation He kidd afifilhetclesnage) is
irradiation is _condycted under the existence of nitrogen, oxygen, or a

m xture ofcawsefofknthennagyefde {qq%fw rvgefﬁar )“.101E§1%vt§wt R9ETET yresime
adhesigge | aug Nt@l.N v , A rathg 0 e
adhesii\?e I aye?m@ghtlgdlrn?ﬁg‘?%@%% n&%egg%fggﬁggih%{hg&ggn%# Sé'g%c?tﬁ 31218 O%F%ﬁ]

anal ysi s iproposed rtor eradiaté\dlasinages um Yultiaviolatiragi we thaypsly st pdsin ng
carbon is fqrmed by 4 sputtering under .the sputteri R)g gas pressure of 5
mlorr or h§ ateadefor diapgnese a Unaxeminegediaids Qpen i Katemt oAppligatieni s
provi ded 1 hi Star j epn. any. of t ngt | rdi ng
e a 5 deser ipsacoviriiBade Phttultl AT Quitn | R cAbREAEES

i nvent i on MoBl20T019edicidaed Hglla¥mal dctivaties Ghbtlesll 36O\ Be HEIOTERIAGIA C
recordi ng nmedi um according to the invention includes a nonnagnetic
subst r2i e suhidratesawhadhy facilitates nmproring thagiveabdityuefstheapelymeer repibeen

treated to i,nprove the adhesion.thereof a nonmagnetj ¢ undercoatin ayer

above the 81 WAt o ERRAG e Hi PR E o Lo oRRBe RO A Ge DT ¢

under coat | @eldifLa thatbARECHhHh does not affect the properties of the magnetic
layer, for the material of the electrode, from which plasma is discharged. A
method proposed for preventing film inflation from causing deposits a

30 carbon film, the B,/A ratio thereof measured by the Raman spectroscopic



15 | ayer above the magnetic layer a liquid lubricant |ayer on the
protection |ayer and an adhesive | ayer between the nonmagnetic substrate
and the nonrragneti'c undercoating |ayer. The present inventors investigated
the problens of the conventional 20 treatnent nethods. Al though pol yner
resins are useful for the nonmagnetic substrate, filminflation is caused
in the polynmer resin substrate. Therefore, it is necessary to prevent film
inflation fromcausing. The present inventors have found that it is

di fficult ammydibes high;enta snbstrateeat nent net hods to prevent filminflation
from causi ng depending on the layer structure and the 25 fil m deposition
conditions, especially when the nmagnetic recording medium i s designed to
obtain a hi gh 1118@8691' g §#50ShE n eQr’Sage?ﬂa th\éh%tﬁogé\/&{énh@ear oy film
for the undercoating’layer is spu tering under e spu errng gas
pressure cGbhnblimdeorfdil té pt@vemfﬂl@i iefatisn frea eatsthef dependang bAdhe)ayeeat i ng
the surface of the polyner resin substrate by plasma or 30 by formng a
car bon5f i |struathee Bandr dhe o filmerderiositios eondibioas Foeproviding magnetihe

sputterin as res re. orr filmi flaronrs not prevented from
causi ng bsr 8 18 %Vﬂrtﬁér?‘%%%é{?%mn% %f ‘orm ng the carbon film

exhi biting a %P\v{ lo@ tHE Br&BoifiB) & is axTBﬂ; éUte(ﬁet!He iﬁ%%@%ﬂx fo B@(Yﬁde a

i nvesti gated very durabl e maghetic recordihg nmedia i ncluding a polymer
resin subshaghetiamdcordirig mepdihm, dehivhdsb¥iatesaths gi‘rﬂﬂemcdns&n’n@ddﬂrmet y and

met hods of manufa uri.n ery durable tic reco medi a. .10 The
present i rifetdt aRet év‘%}’lg i/‘ﬁa‘tm’ﬁn%Pyt‘H@Fg‘b‘ﬁ@ FrefhEL ‘(‘:1' %d%“agﬂ%tl‘rredr um

' ncl udong Rehk HEPeHERhD H { eZhif0h THER Altotdifiel AERAHS, RLIuREDI gher
recording density 1I's obtained by treating e su ate su face to inprove
t he adhesipmlyinker pafin asubdiyatdi spndi fagilitates r;ﬁszwﬁtlhgy @imorninflatioaufisin at e.

16 Brief Description of the Drawing Figure Fig. 1 is a cross sectional view
of a magné®@ueMcor di ng nmedi um according to the invention. Enbodi nents 20
Now t he invention will be described in nore detail in connection with the
preferred enbodi nents thereof. Fig. 1 is a cross sectional view of a
magneti c recordi ng medium 25 according to the invention. Referring nowto
Fig. 1, trMeaagrﬁmmivh@ﬂredPr@lemdi um according to the invention includes a
nonmagneti c supstrate 1 | yner in d ve |layer 2 on the
nonmagret i ¢ su@g?%? ems gﬁ*&"ﬁ@rgﬁ’o{}'ﬁgésc Fﬁ’ﬁgi?}%‘f" 3 on the
adhesi ve | ayer 2, a nagnetrc | ayer 4 on the 6 nonmagneti ¢ undercoati ng

| ayer 3, a protection |layer 5 on the nmagnetic layer 4, and a liquid

| ubri cant | ayeAcérding e pr firectdspect afethd.inVhationgrthere iseposdided aedi um

according to the invention is characterized by the pon netrc subs rate 1
made of a IB@BPP&*P IeeQdang fge waa?.l@ér% *Pd’;?@rm@fiet%‘bﬁ rate mpg a

nonmagnet | ol§iﬁ%§t{e%ir? tjhel ﬁo{?ﬁfa?é%'n‘é‘if | Qg héxflﬂgtl%e%?{ PRA3LE t[)%i ov§l Cene

pol yacryl ateresin, e resin, resin,

resin 20andth‘eUC§tll@esi&$l ah@re@fusEednbﬁmatgh@tﬂ@oImr-cdaﬂ;&tgl Ea#éirt raaioee ‘t‘h@
pol ymer resin substrate is as 10 thick as the substrates used in the usual

nmagneti c rmgngtlﬁe@@Stl}ﬂé@or gi nglatgéietlﬁe llaﬁeéntab@ﬁe tthe snenmegnetict he
pol ymer r terstre d i.on_of .th ymer
Pesin substpdpEBaRnE Set"p BERHoL Jut el R, YhE JRRRESHS Taflr P8
irradi ati ojubcnk® rlﬁg@f 8l thef ﬁoté&mmy&ﬂ Agdt &e adheeRicOnyet Hebwedn!thaer
resin substrate, er treatnent

nonmagnetlc substrate and the nonmagnetic undercoating layer.

25
According to a second aspect of the invention, there is provided the
method of manufacturing a magnetic recording medium including a
nonmagnetic substrate made of a polymer resin; a nonmagnetic

undercoating layer above the nonmagnetic substrate; a magnetic layer

30 above the nonmagnetic undercoating layer; a protection layer above the



nmet hods are enpl oyable as far as they are effective to inprove the adhesion

of the polyner resin substrate. According to the invention, an adhesive

| ayer is formed on the polynmer resin substrate, the surface thereof has

been treated to i nprove the adhesion thereof. These two characteristic

features 20 according to the invention facilitate providing a very durable

magneti ¢ recordi ng mediumincluding a polyner resin substrate and neeting

t he demands for a higher recording density. Helium argon, nitrogen, oxygen

and a m xtmagnetic lhpae @abesliqayd dabricatis ddydoont tie pretestiodi kybar tiee gas

for treating the palyner resin substrate. Anon thesejgases, argon, _oxygen
h

Q
and a mi xtpethogr ingly msarﬁheos@gérpfértée@triageﬂwo%érﬁaée ofh theyi npmAgRetdhs.  The

t r eat ment drradiati IS caonduct ' he ny [ I asma

i sehar gi 1i0BsEF 0 ik e Atptdio R IRerAir- rbiinbalh SREGIPNIARE o bREC o1
nmanuf act UrginiSeetiBd ettt Sted thé 6dRESOATHERSHUHEVARS Detth AthpirEvédIfor@y@nt i on.
7 The ultraviolet ray irradiation for treatlnghthe pol ymer resin

subst r at e thaynpemagndtict endencdatinghlayexi en ctheeadhesive , layero formmingr dlygen,
oxygen or a m xture of nitrogen and oxygen. Preferably, the,ultraviplet ray
r1adi ati JR2FROHEIANET ctbayRdbhe THITBRELEH AndsFoor ting Jaxer ofGTRURE Hhe o
mxture ofp BEaRibrififer d¥6YE %R thAEhHL Mydt: bhd BBMifXItAL ANRAAGLLLXKEEN 1N
the plasma irradiatiron treatnent or 1n the ultraviolet ray 1rradiation

t reat ment laper bn thé psotebtiandayer.a hi gh adhesi on force, shortening the
treatnment time and suppressing the output of the 10 plasma or the output of
the ultraviolet ray at alowlevel. It is preferable that the carbonyl
group ;concent r aij i s a . theep r.resin.sub sured
Byt O ray. phatSleadond. SHid TRBuEioh BN Ehy THonk b Sl BlAe 80
at. % af t dinpriove@byplasha irfddidtishicerby tRedvielt ray idfddeatibhe ul travi ol et
ray irradiation treatnent. The adhesive layer is Interposed to i nprove the
adhesi on between the polyner resin substrate and the netal |ayer (e.g. a
nonmagneti ¢ ungegrcoating . ayer bove the pol r_resin subst e,
Therefore. t herduanretfoty” VS bR sy Penee e SR ot sRiSRE AL B i
adhesi ve tygyihfgRtid Fibstra%e "medfgiddab eid X-1ey Phobbelb@Yh sHerudstdie

pol ymer resin substrate. A silicon film a carbon film a silicon oxide
film land andlybis isdmomi Qilnat. Cartioo30 miy Ybeftes dlie frdasmiaciraaidiasioneor after

al t hough ot her, materi al s.may.be al so useful. The film containing carbon is
pr ef er abl yb é%kF%Yﬁ9eﬁﬁéyéﬁﬁEkﬁ§H§Llayer, 25 and a carbon filmis used for

t he adhesive | ayer nore preferably. The B/A ratio of the film containing
carbon inclusive of a carbon filmneasured by the Raman spectroscopic

anal ysis i s 3 Advantapepuelyertid pladina Brradiatton suddse apgark, ioryems,| by af the
Raman spectrumincluding the fluqgrescent intensjty. The A value is the peak
i ntensity BiXtue %ﬁ&w apd oxyaen fomthmplasmmdschatgegpsorrection is
conducjed. That is, the A value is the peak intensity of the 8 Raman
spectrum excluding the fluorescent intensity. As the Bf/Aratio is |arger,
that is the flAdvaftsitoublyt €hs idliraiviolst cayndaadidtien pOtordicted rirelet the

hi gher usually. 5 Wien the film containing carbon is fornmed by sputtering,
it is pr ef@flaélné‘etoé nIigpgemORygant er prpixjuze pf sizegen and vxygen Kingtudingher .
When t he f;Jy1containing carbon is a carbon film the B/Aratio thereof is
preferably or nore, nore preferably between 3 and 10, and nost preferably
3. When the filmcontaining carbon is a carbon film the sputtering gas
pressure is 10 preferably 5 mlorr or nore, nore preferably from5 nlorr to
50 nTd#s, and Advanpageoushbithe BdhEsive layereeontates ¢aoloni I mis used for the
adhesi ve |l ayer, the carbon filmis preferably fromO0.5 nmto 10 nmin

t hi ckness, and nore preferably from1l nmto 2 nmin thickness. 15 Although
it is preferabl e i ¥honsidesenihe : i.cal
condi tions areAgg gg%%%hgiﬁspggp?ﬁghtEgnge§fgggaggﬁpeﬁgr} s?o I?%gﬁb asma
irradi ati ogarbofah8B\iredrby t1> Rhhisdysdctioscapicianadgiats 8ritheai. ment and the
nmerits and denerits of interposing the adhesive |ayer. The nerits and
denerits are considered below. 20 The plasma irradiation treatnment or the
ultravjolet ray treatnent, prgduc carbonyl groups in the substrat

sur f ace’ raiseédyﬁgggﬁwwﬁbg @ﬁ%?@;eﬁﬁet e§d%§@?§?8$ %ﬂ%OBthtﬁpﬁgﬁéythe
adhesion. It is considered that filminflation is caused by aggregation of
water. The filmis inflated by the water 25 aggregated on the boundary

bet ween the substrate and the film or Qy the swelling of the degraded
products of the resin for the substrate.” The swelling of the degraded
products is caused by the water, which has conme between the substrate and
t he degraded products of the resin. The contact angle between the water and
the substrate surface becones low, that is the water 30 hardly aggregates,

S b o o o o o o - - e



5 products of the antioxidant contained in the resin as well as carbonyl
groups. Since these products cause filminflation, it is necessary to
select the conditions for the plasna irradiation treatnent or for the
ultraviolet ray irradiation treatnment considering the surface conditions of
the pol yner resin substrate and the |ayer to be fornmed on or above the
substrate. Therefore, 10 the effects of the conventional surface treatnent
nmet hods do not offset to the costs thereof. Although the adhesion is

i nproved Bputterigigigndércthel sparttering gasiprgssnretof§ mifornor bighterray intensity,
the raised plasma intensity or the raised ultraviolet ray intensity causes
nore anounts of deconposition products. Since the deconposition products
cause filmi nf i ke A ShE e |5 R Al jntensity
or the ultr avi‘dé)(iae)%&?i gy’t(ls ndt ?rlllgﬁ yajs?ggf %‘cﬂ?&\}\ﬁ‘efﬁﬂ? {g’ gﬁ%l;e?rgs %@nm;%% or the
ul travi ol etagmatid sterage tmouatingwhesudih i amyeof thdhasigastit sepotdingtmeded
sonetines., The nmagnetic recordi ng medi um according to the invention

i ncl udes dgscmbedipbayese | ayer. The adhesive | ayer bonds the polyner resin
substrate and the netal |ayer above the substrate tightly and prevents film
inflation fromcausing. Wen the B/A ratio of the adhesive |ayer containing
car bon neafededfobaikRenfauBihs PREdHtIGEOPI C anal ysis is not |arge enough,

t he adhesi veness between the polymer resin substrate and the adhesive |ayer
is 25 weak, caVewrngefinvemtion wellikendesesibedheledising the B/A ratio, it is
necessary to dope a | arge anmount of hydrogen to the adhesive |ayer
cont ai ni ng carbon. However, the hydrogen contained in the adhesive |ayer
causegpohydr oc P aRscribdE Abbvd, {HY nfee®R $dcbing! MARiaA- adthedingtAtRES! ve

| ayer is formed on the polyner resin substrate, it is necessary to adjust

t he propeinyentfion iecB@eadhewnueagrnetir sibstgate neads’ of aapolynwer rdsénatieesi ve

| ayer containing carbgn) |0 and,the thickness of the adhesive.la

Cons dor | ROPEHBAAH SUERR haIBR DGR traiegdoymurors dhn ARESONIRETATY ¢ he
| ayer to he t ?&ﬂ;ﬁ e, h dj CaRErL@st

I ncrease. de J_Fﬁﬁeﬂ%%}]é(ﬁbt idc%ﬁgfse;il or t%lglaab’ ?%gél%%v-eg glﬁgsitﬂr’%%lggg%??ace alr'%llfé oar
form ng t hmagudtisildger above hthee roeinagnetic natlezcshthet lagerieacprdiectiabove
considerigg the nmerits and denerits of the treatnent for inproving.the
adhesildn 4Awex phove the gnagaetdedayen  drquiduppsant dayereondhespratettagny .

Surface tr i j f he I
concentra#?@%gﬁﬂhagﬁﬁﬁéﬂgﬁ%%gggggpephgggg §ﬁg%ﬁ§géﬁﬁﬁé5§§%B%@%Eﬁgggﬁged by
t he X—ray1ﬁﬁﬁﬁﬁgﬁ6ﬁ§ﬁﬁ&éﬁﬁﬁﬁg@ﬂﬁy@ﬂa|ySiS is fromO0.1 at. %to 30 at. %
Since the magnetic recording nedium according to the invention includes a

carbon fil mor such an adhesive layer, it is possible to conduct the plasnma
irradiation trgatnment or.the ultraviole irradiati treat nent under a
over out put  of B dresertsinisiatts, ivastiented The o Rerih B bhea SR ERt AR hs e
i rradiggt | GRedtiRShRIREhOs. Bh U SH BYlyM&L rdsits hid Adhfal fGtHe At MBBhefier the
pol ynmer resin substrate, on which a netal |ayer or such a nonmagnetic

under coat iswpstiater film infatied idicavsed yn the polyugbr résinadibetiatenFherdferepeen

t he substr.%\te and t he carbon fji m.if<1 tro ger as.the B/Aratiq is {arger
the pl asndt i} PEEFSSATHAC PrEvR 28 aﬁopﬁg ) $AUNRG| tRe PLSSent IRYPRIGTE N

treatment eapdeahed (A (DS RENYCHEE f5L%hE SMRehtidhs] AFGRMHUAIIRhbAE to
invention facilitates setting the lower imt of the B/Aratio at 3, which
i s smal | erprelvant fiha inflattonHrénr ehising idepéndihgtorf the layer ctrdnburd ahditha t he
substrate, _the surface thereof is not treatedq. Wien a carbop fil m and such
an adif@si Vilm spepsition ¢q lﬁegé.d?sneplaHkv W@@@sgm jraeRetispecosingnegEt o t he
carbon fil. 0 i the prio . t i y 0.
Since it ii5 GRIEAA P8 cblehl'R RighyFedbiliniabaly. R6r Uity AHERYa RV

i nventi on,filnh orSa MU fil@CRTSHReYuherdoRENEVLYOH & forh&d by adfiftering ridek| ati on
to the adhesive layer. 30 The conventional materials are used for the
nonmagnet i theuspietteriagi gap pressure |ofy@d ngTormdilmmdnlation| isypreventeddrom
protection | ayer.5, and t liguid lubricagnt |ayer 6 .0f the magnetic
Fecor di ng SRGHURPAEERaRE e o HHRe® ol B T er FEim SyfeeratblBI A O
film qnd gy @rhidgnadbLrbénelhotht B, A YALR ERAebNSs |R¥E maere. (do®@REAI NI NQ
ferromagnetic alloy filns such as a Co-Cr-Pt filmand a Co-Cr-Ta fil mand
alloy films such as a Co-Cr-Pt filmcontaining Si02 and a Co-Cr-Ta film
containing Si02 are used for the magnetic layer 4. 10 A carbon filmand a
carbon filmcontaining nitrogen are useg for the protection layer 5.

Fl uori ne-contai ning lubricants such as perfluoropol yether lubricants 15 are

used for the liquid [ubricant |layer 6. The nonmagnetic undercoating | ayer
3, the magnetic |ayer 4, the




protection layer 5, and the liquid lubricant layer 6 are as thick as the
respective layers in the conventional magnetic recording nedia. 20 Although
the inventi on has been described with reference to Fig, 1, changes and

nodi fications are obvi ous dependi ng on the purposes, for which the magnetic
recording nedia are used. For exanple, the magnetic recordi ng nedi um
according to the invention may include an internediate 25 | ayer on the
undercoating | ayer. The magnetic recordi ng nmedi um according to the

i nvent i on whgn thelspdéteainy gak prapshay &3 5anTonhe filagielation &ynot pfeorentadinpl e,
Ru, Gs, and a nit[idﬁ oLﬁany of the 8, 9, 10/ VI1] group el.enments such as
FeN, CoN dremngaysing bydba suzfaceplasmadragignanicor hy dermmg thy ¢ar

oxi des of crabb e o A Ni i,. Cr, Fe and Ware used for the 30
bl ocki ng Iégyé?{glﬁgza%’{%ejrastﬁl\&agfegg% "?‘#3' magneti c recording mediumis adjusted
to the instrunent, which nounts the magnetic recordi ng nedi umthereon. For

exanpl e, the magnetic recordi ng nedi um nounted on the HDD is shaped with a
circul & pl at eThé phesembgietertorechavk nmwestigatedaceaydidwgable thaghetient i on
conpletely preyents filminflation fyomcausing even when_the nmagnefic
recor di ng TeeeRdingi madia ¢ including; gn Pobper Jegie hstratghand nmeetipg the
envi ronne } 1] | Now
exthnds S&ah %‘thfg‘??{]ogﬁ#{ﬂ% ggﬁﬁt& %@fd‘#@tﬁb&é’ of B&’Aﬂx&ﬂ@f‘iﬁ(ﬁﬁ Jcﬂ?

t he net ho Ct'upPi ¢’ reco ng nedi um accor g to the
i nvention melhﬁb[@ﬁﬂginl@eﬁ.re&hﬂiﬂ%hmapf manuf acturi ng the magnetic
recordi ng nmedium 15 according to the invention includes the steps of:
treating a nonnagnetic substrate to inprove the adhesion thereof form ng an

dhesi | th { b te, .the adhesi f _havi
Donr e bove TBE bHsent IR R vEn TP il of JUET ' e iinaft "
| ayer for njgdgrdinBBaRAihs iMl88imP AV folyifer) FRERO BADbTatd) FRIC ddddtittl [tRyer

formng a 20 protection |ayer above the nmagnetic |ayer and formng a |iquid
| ubri cant demends fort & dighert recording|depsity iFlobtpimledrsr treating thelmtbstitadei s

obt ai ned, for, ex | e, by .injecti.on | di.n of the pol r.resins
descri bed SIS tobmptovertheshdbiesien theraat qhd b dispmsing B dfbesiee BYeFace of
the pol yney, fgskiibsiyRglrate is inproved preferably by plasma irradiation or
by ultraviolet ray irradiation. For the plasma irradiation treatnent, the

conventional plasma irradiation apparatus including a vacuum chanber, a

pl asneisgenBrief i Mpsafiptivans thedDrsovimg Bigmrasna di scharge el ectrode, a

hol di ng nmeans for holding 13 r.a specinen to be treated in the yvacuum
chanber, and al'BBahsis ¢ Gregs Saeke N9y @frg anagnetiqdeerding tgedHEy acuum

chanber is T | rradiation treatnent is conducted by naking
t he hol di n%&?%g%r?§€aﬁ:}¥ﬁg%%éhfﬁm chanber hold a polyner resin substrate and

by exposing the 5 polyner resin substrate to the plasm generated fromthe
pl asma generating neans. Helium argon, nitrogen, oxygen and a m xture of
t hese gas mprodimeasds f or t he pl asma di scharge gas. Argon, oxygen, and a
m'xturf\0 of argon and oxygen are preferable for the discharge gas for
treati'ng the polyner resin substrate. 10 For the ultraviolet ray

irradiation trsRiERS intdIRiG® Wil @8&dribed in more detail in connection with

the preferred embodiments thereof.

Fig. 1 is a cross sectional view of a magnetic recording medium

25 according to the invention.

Referring now to Fig. 1, the magnetic recording medium according to
the invention includes a nonmagnetic substrate 1 made of a polymer resin,
an adhesive layer 2 on the nonmagnetic substrate 1, a nonmagnetic

30 undercoating layer 3 on the adhesive layer 2, a magnetic layer 4 on the



ultraviolet ray irradiation apparatus including a chanber, in which a
specinen to be treated is located in an appropriate environnent, an
ultraviolet'lanp in the chanber, a hol ding neans for hol ding the speci nen
15 in the chanber, and a neans for producing the appropriate environnment in
the chanber is used. The ultraviolet ray irradiation treatnment is conducted
by holding a polyner resin substrate in the chanber and by irradiating an
ultraviolet ray to the polyner resin substrate in an appropriate

envi r onnenbnaragnaticannderpoatinigatayeoud,pat profeetion tlaper & enh they magredicat i on
for treating the 20, pol yner sin supstrage is _conducted under th

exi st encei%%raar ang agcl%l,ulﬂi {‘-ﬁ’éb‘@ﬁ‘t &Y%eé or therpretecHops {}Wlef' r%gg['rheand
oxygen. THﬁ}gtﬁett{caiféc8¥<i—’ih§fxﬁﬁéd!i&ﬁla§éc%mﬂ% to tﬁ&?ﬂ{)&ﬁﬁ&l RS ‘gLﬁ{é&LMz%’&'%?f t he
exi stence of- nitrogen, ygen, or a mxture of argon and oxygen (1 ncl uding
air). 25 Thenbharigietic subRtidts ANBads o agsolpnieraabiitand theadhssivanagpsit put
for inproving the adhesion of the polyner resin substrate are selected so
that the 2dermedmn @@rmmmaggempugstm@wl-r ation in the surface of the

pol ynmer resin substrate nmay be fromO0.1 at. %to 30 at. % The treatnment
time for the plasma irradiation is preferably from5 to 20 sec. at the

out put bet weem 3hiPoldfink esind 8. dllyki¥bohiale t Fd@h MBNtpolyABRyla@E #difn, a
ultraviolet ray irradiation 14 is preferably from0.5 to 30 min. at the
wavel engt pslyethylehermesimca p6lyether Sesineat pdystygene iresing aoddsunl awdsinm
according to th&tjn\é ntion is r.ovi“g{%E with.a carbon film no% such an
adhesi ve P55 &seddar the polymer resin gubsfrate; Thgnalymes repinsupstratei 13t ray
irradiat i eR;& " j : ' L atl time or at a
| over Dut SO AP S ER IR U deuh BN Ele AcbORRE A ' T Phe
ultraviolet ray irradiation treatnent for the polynmer resin substrate, on

which a netal |ayer. or sych an undercoating layer is forned,di rectlgq. 10 In
the next stepAArdigde the inxeations the syefacg plithe pelymes resit substiipt r at e,

t he adhesi; fi 1S ] Jhe 4wt er i ' f used
for the adhsnye 18 imotol TRhS KRfle NS WS ABker IEREH LORHaR, endlih "5
rati o i s pladmaabtadidtion aBd eult¥iiclep(BNDr 8} Mriaddanicn tade Lfkeferathld FoDst
preferably 3. The adhesive |layer is preferably from0.5 to 10 nmin

t hi ckABss Tapaovisee the eidhesiy ofrihe polyaner wesinn substertrssetheynigaatment
Sputter | ngioiods B ETIBIRTRLISCH TR Fone TRANSED APPRRe (ERAhASIOn, gas
m xture ofyffhe tpt%yn%r #6si ARAbINAEO Y802 B U CtthePinREALBA! ¥n dilesAMI 14§Es NY the

B/Aratio 20 a the sputtering gas pressure Is preferably 5 mlofr or

nmor e, nor aés goefedabh ytHer poltneil aesint cubstrail@r the amafavesthqreef dvagbbgerd nilorr
to 50 niforr. Although it has en known t t he adhesi on of .the carbon
filmas arffeafeddice Q’ép"ieaa'&ﬁ aageﬁpﬁht&er%%tht SR/ tq § ?’Ef“clt?f'é?téﬁge"i‘télrfa%rger,
t he BbA I &} t oY ahaYeh; ; [ rate
treat gg‘ b%tc%(f%gg{}r% '{yrert ggﬁﬁe}?ﬁ“%‘ry ;llfj tE rgg?‘gple%é]r%a% Wr@&oﬁag?? Or%la ié%%é di ng

t o the i nrecdrdimg nmgdhenaitjclsdiag at pdynvdr ebsinsstlosteate bad meetigAthat i o of
6 for the adhesjve |layer on the polyner resin substrate, the surface

t her eof i SlemAn Srg‘ﬁtagél.g}@@ rogadling daRHisYr i1 m and such an adhesive |ayer is
interposed, it is necessary 15 to dope hydrogen in the carbon film
according to the prior art so that the B/A ratio of the carbon filmmy be
6. Since the BA&lGA,idrgbaInbRogel, Unlygdnadnd aameprude nd thesd lgasenuelit bon, it
is not necessary to dope the carbon filmw th hydrogen, which causes film

i nf | atZon.ussd|far tthe plaswmecdisphargecgns fox ﬂramlnatfiﬂesm yeeteshppubyrateni ng a
magnetic r cordit%g medi um i s forned. V\he(f the Iam(gatreostru(gt ur eei srghat
shown in FIGOPE) IXSHERTEYEECE: IAYET LY ABEF o SR AL AXERH A

adhesi ve |putiraBle ForRESElisthdr@¥CEasdt Phe (thEatiREONR BFChlaGnit ¢adeationgs | ayer
3, and a I'O protection |ayer 5 on the nmagnetic |ayer 4. Then, a | ubricant
di ssol ved dondacted werthei onyeatiodabmpladiea pliscleatgiog dpppeatds aPrdefseribbdy, the
nonmagneti.c. undercoating layer 3.is a Ti Wlayer and the magnetic |ayer 4 is
R Gt bt g apEPtdehs Mith PooTapthodhei Phn pRGHUSRE ob peEnetrs a
car borygpr %@(%jiﬁg h&Y&lm aE&i’rdH?ér']'?dt AR/t ROt ection | ayer containing
graphite as tie main conponent thereof or a DLC protection |ayer is
used. The liquid lubricant |ayer is nade, preferably, of a

per fl uoropol yether lubricant and such a fluorine lubricant. A Ti Wl ayer for
t he nonmagnetic undercoating | ayer 3, a,FCo-Cr-Pt 20 all oy | ayer containing
Si 02 for the magnetic |ayer 4, and a carbon |ayer for the protection |ayer
5 are deposited by sputtering. The liquid lubricant |ayer is coated by

di p-coating or by spin-coating. The nonmagnetic undercoating |ayer 3, the
magnetic |ayer 4, the 25 protection layer 5, and the liquid lubricant |ayer

~ S o b1 o o o - o s



bl ocki ng | ayer on the magnetic |ayer. For exanple, Ru, Os, and a nitride of
any of the 8, 9, 10/VIII group elenents such as FeN, CoN and NI N are used
for the intérnediate layer. Ti, TiW W and oxides of A, Ti) Ag, Cu, N,
Co, Si, C, Fe and Ware used for the blocking |layer. The internediate

| ayer and 5 the bl ocking |ayer are deposited by sputtering, CVD, and PVD.
The magneti c storage according to the invention includes the magnetic
recordi ng medi um forned as descri bed above. The nagnetic storage accordi ng
to the inventiBhe nlraviokatdrayi wkadintiva fandreatohg the polynsémypsin sabptaate us f or
an external storage, of C uter. - The magnhetic storage according to the

i nvent i on &Y e@%@cf?ég%l%gcé‘@s%’f‘ﬁ@néﬁpfgraéfu%%or’sLR:‘ °§§na°§?’6“e‘gp§p?e

[ecor der . ARkifnd BPMBHA ¥nd TAEERODRILEAMY NAAARARY ibddidiiol Byent | o
is used in 1 nage storaye apparatuses 1ncluding the I'mage processing units
and the reonddeted widdrsthefexistened of ait2ogdn, vx§gen Siug nAxsuidoflatgdatand
digital canmeras and portabl e tel ephone sets). Mnufacture of magnetic

recor dbng oxzgen (Meludivgfaites of pol yner resin substrates made of polyolefin
(ZEONEX supplied from N ppon Zeon Co., Ltd.) are treated by plasm
irradiation or by 20 ultraviolet ray irradiation under the conditions
described bel ophd @xf=ReNQCHS 8Ky th The plddnsh iFHdPAE6N tRédtth &TDQAITTBRE S- A
carbon adhesive | ayer is formed by spupterl ng on any of the substrates. The
B/ A rat i osultwavislat rapurtadinbigngtreapment facititates cltsmminigeal highoadhiesion

connection wth.the first through thi.rd enbodi nents. The sputteri ases
contain t%@r%ﬁ}w}%nga ezﬁr%a&gl‘?‘@sh FYBB"%W?%&E%&‘@P ‘i’tg&‘ of 3,
ar gon jand 9 , i nd argon and hydrogen
(50 %I%f orIh %iﬁ%%%%&thﬁeﬁtg% (t)%Pgl.lé gﬁé%ﬁéé | ut(r)l%gsgg%‘{e?hg | ayer is formed by
sputtering on the carbon protection layer. A Ru internmedi ate |ayer is

formed by sputtering on the Ti Wundercoating |layer. A Co-Cr-Pt nagnetic
| ayer cont ai niktgs sreferpblesthatotheseprbonebexausr cotrentratien i the suriseioht e

| ayer. A Th. Dbl j I i faor u ri~p n iC

| ayer. And, €a pgoa§ %‘%g ﬁ?éﬁec% ?%%tz?§ye§leg§§¥e§?/nﬁgg%h§t r)gg% ipglra?%er rreg&é)y
sputt eri ngspeBtrobeopit tkdldis! &y dromFONRldty % atde3U latormpaftiet fher plasmia cant

is coated on the protection |ayer by spin-coating. 5 Environnental tests
and evi@ uarrashatipnitreatmenit en alder theeukingrieldtaayarradintigntsentmeaett ai ned as
descri bed above are stored for 96 hr. in a constant tenperature oven kept
at 80C and 80 % (relative humdity). Then, the tenperature and the humdity
of the oven stphhR@hebReAyBRIS PhietpdAfimPrdRiilR 2dRedioPetieb thd0 C
and 0 % respectively. The nmagnetic recording nmedia are stored at -40 C and
0 % for 8 pulymEhenesirhestlestpateat amd dhe whetahudayint yleqd. tehenonmagaetic
changed to‘ﬁ‘i‘i’ C and 25 % regpectilvel . Then, the neti ¢, recprdi 28 medi a
are taken eTeoRiing nRySYk A OMgehe t RRIYERGT: ZRSID SU teg POT¢eCBf di ng
nmedi a gy e OhsK : ' 1 t L W"lﬁfe b M

i nfl atzlfﬁgn IS cg‘yue:fe;1 grﬂsl%e %fg{gﬂéﬁggg%né%@@g?%xa;&rﬁeﬁﬁﬁg t qugﬁﬁile{r i ons,
under whi clesingubsirane andathoméetal layerc abses the hlpmAr rmsino sabsktrabe A

t hi ckness QI th%)ladhesi e layers according to 20 a fjrst enbodi ment of the

i nvent i on sHeon filwy ag¢arponfam, & siliqopsgrdde iy, andya dilpy eonfiazaing ¢arpaRi ati on

_ 3 ehet i
magnot i ¢ g NsA et thindhech fkd Eioligh SRIPGhAGHMl IR TROARY 1°

treated, ansbfah Tes fibm donltainiaghasbhoreid pieferably usedtfod thd aldhesivel lagés t he
results. 25 18 Table 1 SpecinensPl asma irradiationCarboxylicCarbon
adhesi%fke | andamarhontfdn is kepdifer the gdhesive Jayerimoxe profegaply. The B/A

ratio of the film containing carbon inclusive of a carbon film measured by

the Raman spectroscopic analysis is 3 or more preferably. The B value is the
peak intensity of the Raman spectrum including the fluorescent intensity.
The A value is the peak intensity of the Raman spectrum, on which baseline

30 correction is conducted. That is, the A value is the peak intensity of the



rati osGas pressures
¢(mTorr)inflationConparative0O. 00Ar0--Caused10. 01Ar 0. 1350Non20. 03Ar 1. 0350Non3
0. O5Ar 2. 5350Non40. 07Ar 6. 5350Non50. 10Ar 9. 0350Non60. 07Ar + QOz11. 3350Non The
carboxylic acid concentration changes from0.1 at. %to 11.3 at. 5 as the
pl asma out put is changed fromO0.01 kWto 0.10 kW In the range of the
carboxylic acid concentration described above, any filminflation is not
caused. Since it has been known that the surface of the polyner resin 10
subst r at e Reamaaugiretregn axdludiagefhecfluorasgews instensityeisi the BhdAapdity istics
are inpaired when the plasma output is nore than 0.10 kW the plasma out put
of nore tHargey, thak the dboresgeingiatenssisc imdtrentexi thenpolysdtocondgakrisi ng

t he condi tii.ops quir which any filminflation is not caused, the B/Aratio
and the tﬁPgﬁﬁ%§§“ Ythe adhesive layers according to a second enbodi nent
of the invention are fixed at 3 and 1 nm respectively. An ultraviolet

| anp, the wavel engths thereof are 185 nm and 254 nm is used, and the

i rradiation tiWhens thhafibad chntaming e¢drbohoi3dorined bgblspultezihg, i 8t $s t he
results. 19 ble 2 Speci mensWirradi ati onCar boxyli cCarbon adhesive |a

T
er Fi | mat rrdzrg&rﬁg}ee@rs%t FPWEEIIRE £as Prejsuraat  mdoey er highery Melen the

(mTorr)inf i 1.0, 50 5 n2A r3 3530Ngn3Ai 1 510,,635 n4Al 5. 0350N
onsal 3024185 SRR FbER Roh T3 T BB TRtk eEH & Wby
concent r atg gp ntdiaNafote fref8y8bly Betwebd 9 Atk $02hnd bt ;]Sxfé?exhh*bw avph&] ray
irradiation tinme 1s changed fromO0.5 rnin. to 30 mn. 1n the range of the
car boxyl i dhacfibin cont®ningicacbon és ar ¢drbdn dilmv,etheasputtietimg gdd préssare $s not

caused. Al thqu apy filminflation is not caused by_.the ultrayiolet ray
i rradil8t ecprfegerrggbf ﬁim%rq%ngoaﬁsmpae erefgrablydrom § syloredoP0 myor agf

enbodi nent N L.t r; i I .| ion is
ot _causednORrRiARER, B 0% M4 Qifont e WALA ToP Pl hpGRivE st

t hi ckness thie ddrbondilaois pedfesably frowe0.5 8 tk@0 b ih thickihéss, Bhd maké 0 of

t he carbon adhesjve layer is changed from3 to 9, and the sputtering gas
pressure fRyelersbliefom linmg torenmaimidlickrefssi ve | ayer is changed from 2
mrorr to 70 mTorr. Table 3 lists the results. 20 20 Table 3

Speci nensPl asma i rradi ati onCar boxyl i cCarbon adhesive | a erFil| mQut put

15 Although it is preferable to meet the conditions described above, the
practical conditions are selected considering the merits and demerits of the
plasma irradiation treatment or the ultraviolet ray irradiation treatment
and the merits and demerits of interposing the adhesive layer. The merits
and demerits are considered below.

20

The plasma irradiation treatment or the ultraviolet ray treatment
produces carbonyl groups in the substrate surface, raises the surface energy
of the substrate, and strengthens the adhesion. It is considered that film
inflation is caused by aggregation of water. The film is inflated by the water

25 aggregated on the boundary between the substrate and the film, or by the
swelling of the degraded products of the resin for the substrate. The swelling
of the degraded products is caused by the water, which has come between
the substrate and the degraded products of the resin. The contact angle
between the water and the substrate surface becomes low, that is the water

30 hardly aggregates, due to the surface energy raised by the plasma



(kW Di scharge gasacid (at. %9B/A rati osGas pressures
(mTorr)inflationl0.01Ar0. 132Caused20. 01Ar 0. 135Non30. 01Ar 0. 1320Non40. 01Ar0. 1
350Non50. 01Ar'0. 1370Non60. 01Ar 0. 16. 550Non70. 01Ar 0. 1950Non As Table 3
indicates, any filminflation is not caused except for the 5 sputtering gas
pressure of 2 mlorr for form ng the carbon adhesive |layer. Wen the B/ A
ratiois 3, it is preferable for the sputtering gas pressure to be 5 niforr
or higher. As the results of the first through third enbodi nments indicate,
it is notirr@dietions staeytrhent roradiyatthephdivawicdét aralyi diradhiation tredtiment.s

possi bl e to short the ultraviolet ray irradiation tine. As the results
doscr i bod AlHswen Sl da atiopys nrgvemted M5 1RE NI e BIEFBIR ITFAGIREIO8BuY f ace
of the po f i . aln . % . %
Ther of or o el He ot U LidRG 1Sy Bk ERltof biithiehe henk Gfatfeds )

ul travi ol gkod@é low-athladular woight @npoHtntaof thet résin tditd debOmpesitiohant
carboxylic acid concentration in the surface of the polyner resin substrate

may bedw phodudthef thoastidsilantiventaimedan theresin ae caxbonyt gralipsg
medi um acgor di Eﬂ to thg i nvention.,20 i ncl udes. an adhesi ve *aye[ n.t he
pol yner r&3ReP Lpte products, gauss rilm, et 1 N5CEsSRLY 1e S61eeti 8 or by

ul travi ol gbndidions! foRHHRA! bRkn® iERRANGDR trBhiren 0P ol 'thBthREAABIRUARUL OF
for a shorter irradiation tinme as conpared wth the surface treatnent of

t he pol ymirradéstion tueasmeat eonsidewmgatheauyrfadeaditéohsayEthe polpnterfrosimed. 21
Al t hough t he adhesi veness between_the substrate and the carb filmis

st ronger ék‘g?q{ét%ﬂﬂgrti‘@i fé‘y% tp egfgrm gnﬂragfﬁ:’(ei a?ea&é?@%??-?ﬂl%? Bt or
the ulirayj WL radi atd. t esin
subst f1 ot ageEbaft thl LBt BBl S RO B Rl ab BB ORI T T o
the 5 B/ Acodétisi therto3) Alshbahi thes @dhksiont atmphevd OWST r&stng aheoplakiiat of 6
for the carbon filmon the substrate, the surface thereof 1s not treated.
When a caiBmsity] on thequbzaviolat reyniadeneity, diherrdised plasmadntensity gsthe
necessary 1o _do hyd en to the.carbon filmaccording o, the prior art so
that the Rl Ehe’ FudenGisERRRs, mligh SEEP R o AP REBRRE 26 1 o
as 3 accomp@oddctsO Slfkcd BRe | dbesipoRtion produétet ciReeibar nflisioPr RYydstogen

whi ch causes filminflation to the adhesive |ayer. Advantageous Effects of

t he | A¥enwireferablectadiaige the tasinavimtensity on thagHérsvioled ey dintensitsdtesm whi ch
does 15 not_ ca any, filminflation undgr the seyer environnents, under

ahi oh houdtNITaRsS Fhin AUESACIRERAtY [t MiTRUAIGE FAp BTN K 19¥ines on
of the PolsyifitiehPaiRedithst ht Bhbnld dsMRmiad! ation or by ultravio et ray
irradiation and by depositing a carbon adhesive layer, the B/ Aratio
thereof is low, at a relatively low gas pressure. 20 Since the substrate

surface is actjvated bgi@t he treatnent which _j|nproves, the ,adh.esm of the
substrate by thee masRelcrseoningareym aseordingta the myengipamnchdes;an

beco u a omy, gt q@tﬁ?ﬂ Y LAt '

adheglE gn. %I@glgggéa%leg, ngc%}%%?l‘%f ?‘fyrﬁq e SB?KJ ?éﬁn&%géﬁheéfl{el% Mltg%%%v (that
i's, cont aithengetad 1ayelr alpeve) the sulestpheytighflgraridpredings film 1rflationvrolm no
probl em The |nt e‘r]vposi tion_of the adhesjve | ayer facilitates, conducting the
treat ment cRYIngpYALN ghe B Adhsatierofothe radhesivendayer contaiping warbomesin

substrate 1rrl{er>]a(1jseurreH1 L)g the" Iatnlna%{] Ss'pe-cr r%gggp% edna\f}@stisrishg(r)td Ilgrge enough, the

adhesiveness between the polymer resin substrate and the adhesive layer is
25  weak, causing film inflation. For increasing the B,”A ratio, it is necessary to
dope a large amount of hydrogen to the adhesive layer containing carbon.
However, the hydrogen contained in the adhesive layer causes hydrocarbon,
which further causes film inflation. When an adhesive layer is formed on the
polymer resin substrate, it is necessary to adjust the property of the

30 adhesive layer (e.g. the B,/A ratio of the adhesive layer containing carbon)

10



aggr egat es on the boundary between the polyner resin substrate and the 22
adhesi ve | ayer or on the boundary between the adhesive |ayer and the
magnetic | ayer. Mireover, a polynmer resin substrate containing |ess
degradati on products of the resin and | ess hydrocarbon conmponents, which
cause filminflation, is obtained. As the results, a magnetic recording 5
medi um which hardly causes filminflation, is obtained according to the
invention. 10 15 20 23 Claims 1. A magnetic recordi ng nedi um conpri sing:
a nonmagnendcheubstkraise offthe adhesivedayse considéring tthe snefivegoatitiorsudlst r at e
havi ng been treated, whereby to inprove the adhesion thereqgf 5 a
nonmagnet the prlyaneEasim gubstyate apdvbedaerighmipraradon the adhedve la¥net i ¢

| ayer aboxﬁlet ug@é@g&g]uggrc?%gﬁ{&?ggé ng layer a protection |ayer above the

magneti c layer ‘a ayer on the protection |ayer and an
adhesi ve | ayer between the nonmagnetic substrate and the 10 nonmagnetic
undercoating |layer. 2. The magnetic recordi ng nedi umaccording to Claiml1l,

wher ei & t he adfestcenditibns Her toeating dhe cubstrate suaface amp fory farnpiygpthes ma
irradiation,or. by ultraviglet ray irradiation. 3. The netic recording
e um ac COPAPNE IBCTaY Rbsom fataied mud 60 s, dHsRyied AUBe oRELs R | on i n
the surfa . ni&d i = :

phot oel ec;'e ggﬁﬁgﬁggt‘éta ?lgsCOp?@%%%gﬁ;/ﬁg?ﬁgélﬁgrﬁ?%%&gixﬁgg@inggﬁ §§agl?éfs1%1 aafr{der t he
pl asna irithdi atérits amdafdeanetibe of timasrpaisaig rhe i adledivg | lwyer 4. Suiface

magneti c recording i ym accor di nﬂ to JQaim?2, wherein the 20 plasma
i rradi ati dFeatmentasg ?t%‘i‘(%éﬁ? ag thg rasyltaptcagbory SFPUEPTSRPHAIAHIN ¢t he

pl asmgy di %ﬁ@ashggc}c%ac?f- th%l- %@9%4%% icfx‘hg%ﬁfa% %E%drﬁggmggggﬂr ’égecrtﬂmcj al m

2, wherein the travio ray rrradiatiron is co t he exi stence
of nitrogepecttsy@pic analysimixtfom Of1 nit! LOgeN3@Rd. 0Ky Bémce Phe Gnagdihetic

magneti c recordi ng nedi um accordi n%at 0o Caim]l, wherein the adhesive |ayer
conpri ses reegding npediunyacepiding:thbhe envendinmineludesin ¢arbenr fley eryseeh O ai m
6, wherein the Bl. Ajratiq .of thg,adhesive |ayer, conpsising. carbon neasured
by the. RaE SRS My, mesrihuf 46 B3 er Ahe o SRR e S YR PRE S 4 g
medi um ac Rl ihendltkfvicled Ay’ irrdQRItE ) tiR e rAdERdV 8 1oRer kPP rdrsfort car bon
is formed by sputtering under the _
15 shorter treatment time as compared with the plasma irradiation treatment
or the ultraviolet ray irradiation treatment for the polymer resin substrate,
on which a metal layer or such a nonmagnetic undercoating layer is formed
directly. Although the adhesiveness between the substrate and the carbon
film is stronger as the B,/ A ratio is larger, the plasma irradiation treatment
20 or the ultraviolet ray irradiation treatment conducted on the polymer resin
substrate according to the invention facilitates setting the lower limit of the
B/ A ratio at 3, which is smaller than the lower B,/ A ratio limit of 6 for the
carbon film on the substrate, the surface thereof is not treated. When a
carbon film and such an adhesive layer is interposed, it is necessary to dope

25 hydrogen to the carbon film according to the prior art so that the B,”A ratio
may be 6. Since it is enough to set the B,/ A ratio as low as 3 according to

the invention, it is not necessary to dope hydrogen which causes film
inflation to the adhesive layer.

30 The conventional materials are used for the nonmagnetic undercoating
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sputtering gas pressure of 5 miforr or higher. 9. The method of

manuf acturing a magnetic recordi ng medj umincluding a nonmagnetic substrate
made of a polynmer resin a nonmagnetic undercoating | ayer above the
nonmagneti ¢ substrate a nagnetic |ayer |0 above the nonnmagnetic
undercoating |l ayer a protection |ayer above the magnetic |layer and a |iquid
| ubricant |ayer on the protection |ayer, the nethod conprising the steps of
treating the surface of the nonmagnetic substrate, whereby to inprove the
adhesi on tlhger8f tHbnmfagnetindayer 4dihesprotedtiorelayen 5 aadriibetegndtlubreabst r at e,
t he adhesi.on thereof having been_inproyed form. ng the nonmagnetic

under coat i1A¥eY §pé the, mq%tmerd}egﬂaﬁm BEeATAINg %ﬁpﬁagw&ﬂgm ayer above

t he nonmagneti c undercoating |layer formng the protection |ayer above the
magnetic | ayer and 20 formng the liquid lubricant |ayer on the protection
layer. 10. Thelnsicheld, acTyWdifiigh,t @ Ruafit, andher €r filie agelhesidoforothd he
nonmagneti c substrate is inproved by plasnma irradiation or by ultraviol et
ray i r Paditrdezaoating layex Fret hod accor di ng to Cl aim 10, wherein the carbonyl
group 25 concentration in the surface of the nonmagneti c substrate neasured
by the X-ray photoel ectron spectroscopic analysis is from0.1 at. %to 30

at. dbafter theoRbARMRing AdbAkEARIRalRY! Almb RACK e QOAEHPY Min and o

i rradiation. 12 The net hod "according to aim 10, wherein the plasm

i rradi at i ddoiieEa dfilgoand allpydilmsosuch asat o€roPt filmoondathing W3O aindra t he
pl asma di sgh s. 13..The Jiet hod ac ding to C.aim 10, wherein the
ul travi ol e‘tq‘o'ﬁigf%?ﬁﬁnr%tﬁm‘ﬁﬁ 1 2@6ﬁd%§8g3jﬂr thimagneticdayet 4nce of nitrogen,

oxygeng or a mxture of nitrogen and oxygen. 14. The magnetic recording
medi um according to Caim9, wherein the adhesive |ayer conprises carbon.
15. The magnet Accarbonrfilim gndesicarbar dilndicomtaining aitbogeh avdarsed fot the B 10
/A ratio of the, adhesive |ayer conprising carbon neasured by the Raman
spectrosc&ﬁoée“é}mi} €655 3 or nore. 16. The magneti ¢ recordi ng nmedi um
according to Caim15) wherein the adhesive |ayer conprising carbon is
formed by sputtering under the sputtering gas pressure of 5 mflorr or

hi gher. 15 17. FRt@ineeseaiingt Dileea e nidis iakUpedl utRep6liyethdre ilirdédits medi um
mount ed thereon the magnetic recording nedi um conprising: a nonnagnetic
subst ri&t e augdesesk fox the ligwad lukxicant layer Sonmagneti ¢ substrate having been
treated to inprove the adhesion thereof a nonmagnetic undercoating |ayer
above the 20 nonmagnetic substrate a nmagnetic | ayer above the nonmagnetic

under coating | e¥8r ngniNaghetit! ARdEAYEEINEO Rfert BE tg@gﬂféérl%ticaYﬁera4! iqei d
| ubricant |ayer on the protection layer and an adhesive | ayer between the

nonmagnet i gradedtion dagemriyd 4k thenlipgnktlibrivaniedayat Bngrd agethickcag@heA . A
AAR A oot ayers ih th conventional Tagnetis rebordiig media” )
20
Although the invention has been described with reference to Fig, 1,
changes and modifications are obvious depending on the purposes, for which
the magnetic recording media are used. For example, the magnetic
recording medium according to the invention may include an intermediate
25 layer on the undercoating layer. The magnetic recording medium according
to the invention may include a blocking layer on the magnetic layer. For
example, Ru, Os, and a nitride of any of the 8, 9, 10/VIII group elements
such as FeN, CoN and NiN are used for the intermediate layer. Ti, TiW, W,
and oxides of Al, Ti, Ag, Cu, Ni, Co, Si, Cr, Fe and W are used for the

30 blocking layer.
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2011 Sy 1 CYARSORES (A Ao obpeien hepeods Spminmanadbesiv e 9 SheuoLe: (
U’ ()11 e TOVR RTINS FabsRey 3o AR Shoroolbavine bogn imnoved: fopgyine
U&' () - V[ ~_40 aohivaddticd& undercdatil{iPolder ) on  the adhesive layer; forming a
magnetic layer above the nonmagnetic undercoating layer; forming a
20 protection layer above the magnetic layer; and forming a liquid lubricant

layer on the protection layer.

The polymer resin substrate is obtained, for example, by injection
molding any of the polymer resins described above.
25
In the step of treating, the adhesion of the surface of the polymer resin
substrate is improved preferably by plasma irradiation or by ultraviolet ray
irradiation. For the plasma irradiation treatment, the conventional plasma
irradiation apparatus including a vacuum chamber, a plasma generating

30 means including a plasma discharge electrode, a holding means for holding
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plasma irradiation treatment is conducted by making the holding means in
the vacuum chamber hold a polymer resin substrate and by exposing the
5 polymer resin substrate to the plasma generated from the plasma
generating means. Helium, argon, nitrogen, oxygen and a mixture of these
gases are used for the plasma discharge gas. Argon, oxygen, and a mixture
of argon and oxygen are preferable for the discharge gas for treating the

polymer resin substrate.

10

For the ultraviolet ray irradiation treatment, the conventional
ultraviolet ray irradiation apparatus including a chamber, in which a
specimen to be treated is located in an appropriate environment, an
ultraviolet lamp in the chamber, a holding means for holding the specimen
15 in the chamber, and a means for producing the appropriate environment in
the chamber is used. The ultraviolet ray irradiation treatment is conducted
by holding a polymer resin substrate in the chamber and by irradiating an
ultraviolet ray to the polymer resin substrate in an appropriate environment
and at an appropriate output. The ultraviolet ray irradiation for treating the
20 polymer resin substrate is conducted under the existence of air, argon,
nitrogen, oxygen or a mixture of nitrogen and oxygen. The ultraviolet ray
irradiation is conducted preferably under the existence of nitrogen, oxygen,

or a mixture of argon and oxygen (including air).

25 The treatment conditions such as a treatment time and an output for
improving the adhesion of the polymer resin substrate are selected so that
the resultant carbonyl group concentration in the surface of the polymer
resin substrate may be from 0.1 at. % to 30 at. %. The treatment time for
the plasma irradiation is preferably from 5 to 20 sec. at the output between

30 0.01 kW and 0.10 kW. The treatment time for the ultraviolet ray irradiation
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11X 9! 1G%0pefddably frodDd)5 to 30 min. at the wavelengths of 185 nm and 254 nm.

Since the magnetic recording medium according to the invention is
provided with a carbon film and such an adhesive layer, the plasma
5 irradiation treatment or the ultraviolet ray irradiation treatment is
conducted for a shorter irradiation time or at a lower output as compared
with the plasma irradiation treatment or the ultraviolet ray irradiation
treatment for the polymer resin substrate, on which a metal layer or such an
undercoating layer is formed directly.
10
In the next step, an adhesive layer is formed on the polymer resin
substrate, the adhesion thereof is improved. The materials described before
are used for the adhesive layer. When the adhesive layer is a carbon film,
the B,”A ratio is preferably 3 or more, more preferably from 3 to 10, and
15 most preferably 3. The adhesive layer is preferably from 0.5 to 10 nm in
thickness and more preferably from 1 to 2 nm in thickness. When the
adhesive layer is a carbon film, the carbon film is deposited by sputtering,
CVD, PVD, and such a deposition method. Ar, Kr, Xe, and a gas mixture of
Ar, Kr or Xe and hydrogen are used preferably. For adjusting the B,/ A ratio
20 at 3, the sputtering gas pressure is preferably 5 mTorr or more, more
preferably from 5 mTorr to 70 mTorr, and most preferably 5 mTorr to 50

mTorr.

Although it has been known that the adhesion of the carbon film as an

25 adhesive layer is higher as the B,/ A ratio thereof is larger, the B,/ A ratio of
the adhesive layer formed on the polymer resin substrate treated by plasma
irradiation or by ultraviolet ray irradiation according to the invention may

be adjusted at 3, which is lower than the B,/A ratio of 6 for the adhesive
layer on the polymer resin substrate, the surface thereof is not treated.

30 When a carbon film and such an adhesive layer is interposed, it is necessary
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at 3 according to the invention, it is not necessary to dope the carbon film

with hydrogen, which causes film inflation.

In the succeeding steps, a laminate structure for obtaining a magnetic

recording medium is formed. When the laminate structure is that shown in

Fig. 1, a nonmagnetic undercoating layer 3 is coated on an adhesive layer 2,

a magnetic layer 4 on the nonmagnetic undercoating layer 3, and a

10 protection layer 5 on the magnetic layer 4. Then, a lubricant dissolved in a
solvent is coated on the protection layer 5. Preferably, the nonmagnetic
undercoating layer 3 is a TiW layer and the magnetic layer 4 is a Co-Cr-Pt
alloy layer containing SiO2. When the protection layer 5 is a carbon
protection layer, the usual carbon protection layer containing graphite as

15 the main component thereof or a DLC protection layer is used. The liquid

lubricant layer is made, preferably, of a perfluoropolyether lubricant and

such a fluorine lubricant.

A TiW layer for the nonmagnetic undercoating layer 3, a Co-Cr-Pt
20 alloy layer containing SiO2 for the magnetic layer 4, and a carbon layer for
the protection layer 5 are deposited by sputtering. The liquid lubricant layer

is coated by dip-coating or by spin-coating.

The nonmagnetic undercoating layer 3, the magnetic layer 4, the
256 protection layer 5, and the liquid lubricant layer 6 are as thick as the

respective layers in the conventional magnetic recording media.
As described before, the magnetic recording medium according to the

invention may include an intermediate layer on the undercoating layer. The

30 magnetic recording medium according to the invention may include a

16



11 z#10% | }| & () - g#10%4| & ()-!; g#10%)| o] & () - SFFG H-H?H@HAHI U] _ @
10! as! 10%4| & ()-Z 104] 104| 104] .

=109%4] & ()-y2#109%| & ()-! Dy2#10%| x| & () - y&#10%4| & () - - 1 mIJK3LbMM [ <j _

10! al! #109%4H & ()-! NL! #109% | & () - y#10%4| & ()-! @#10% | t| & () - z#10%4| & ()
z#10% | }| & () - MNO P2P3P4P5P7P}rg\: 10!!f  109%& ()- 104] 104

104| =109 & ()-s9#10%4| & ()-! X)#10% | & ()-3 ! 1)#10%|}| & ()-3 7PPP
QAKQUEG\ : 10! F: | 1098& () - &109B& ()-f109B& ()- 109B& ()- 3109%B& () -

39! 109B&" (hlechyoaRiRolrghe magnetic layer. For example, Ru, Os, and a nitride of

10! 1098& 109B& () - F109B& 109B& S109B& F109B& RSPSSSS' TdEQ\ :
10! I YY+M ﬁ(;zxsg" tthe. §( WHL gr(o)up eleme &g such as Fe(IzI CoN and i\?lN are used g

o8- 100ei ) Ee et oLl T N Rubhapfisd AL BYe B8 Ay (e ()

AVS5VWWANKOSi SE, Fd QinHOWb 4i% ﬁée@%’r%@%ﬂl&lﬁhg'lkyeﬂ 1986 1A tb¥médiabs 1896ridnd ) -
10% U& ()-'a L110% U U& ()-Z 10BXXXXYYYZa?4/ 10!\ y&#10% U U& () - 3F$M 10%
U& () - B | wheddpakdng layerraedeposited by sputtering, CVD, and PVD.

The magnetic storage according to the invention includes the magnetic
recording medium formed as described above. The magnetic storage
according to the invention is a hard disk drive and such a recording

10 apparatus for an external storage of a computer. The magnetic storage
according to the invention is used in image processing apparatuses such as a
videotape recorder and a cash memory. The magnetic storage according to
the invention is used in image storage apparatuses including the image
processing units and the recording units of household appliances (such as

15 TV-sets, digital cameras and portable telephone sets).

Manufacture of magnetic recording media

The surfaces of polymer resin substrates made of polyolefin (ZEONEX

supplied from Nippon Zeon Co., Ltd.) are treated by plasma irradiation or by

20 ultraviolet ray irradiation under the conditions described below in
connection with the first through third embodiments. A carbon adhesive
layer is formed by sputtering on any of the substrates. The B,”A ratios and

the sputtering gas pressures are described below in connection with the first
through third embodiments. The sputtering gases contain the following gas

25  species: argon (100 %) for the B,”A ratio of 3, argon and hydrogen (25 %) for
the B,/ A ratio of 6.5, and argon and hydrogen (50 %) for the B,/ A ratio of 9.
Then, a TiW undercoating layer is formed by sputtering on the carbon
protection layer. A Ru intermediate layer is formed by sputtering on the
TiW undercoating layer. A Co-Cr-Pt magnetic layer containing SiO2 is

30 formed by sputtering on the Ru intermediate layer. A Ti blocking layer is
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formed by sputtering on the magnetic layer. And, a carbon protection layer
containing nitrogen is formed by sputtering on the blocking layer. Finally, a
perfluoropolyether lubricant is coated on the protection layer by

spin-coating.

Environmental tests and evaluation of film inflation
The magnetic recording media obtained as described above are stored
for 96 hr. in a constant temperature oven kept at 80°C and 80 % (relative
humidity). Then, the temperature and the humidity of the oven storing the
10 magnetic recording media are lowered to —40 °C and 0 %, respectively.
The magnetic recording media are stored at —40 “C and 0 % for 8 hr. Then,
the temperature and the humidity of the oven are changed to 25 C and
25 %, respectively. Then, the magnetic recording media are taken out from
the oven. Then, the surfaces of the magnetic recording media are observed

15 under an optical microscope to find whether film inflation is caused or not.

First embodiment
For examining the conditions, under which any film inflation is not
caused, the B,/ A ratio and the thickness of the adhesive layers according to
20 a first embodiment of the invention are fixed at 3 and 1 nm, respectively,
and the plasma irradiation output is changed from 0.01 kW to 0.10 kW. For
comparison, a comparative magnetic recording medium including a
substrate, the surface thereof is not treated, and no carbon film (adhesive
layer) is tested. Table 1 lists the results.
25
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1 0.01 Ar 0.1 3 50 Non

2 0.03 Ar 1.0 3 50 Non

3 0.05 Ar 2.5 3 50 Non

4 0.07 Ar 6.5 3 50 Non

5 0.10 Ar 9.0 3 50 Non

6 0.07 Ar+ Oz 11.3 3 50 Non

The carboxylic acid concentration changes from 0.1 at. % to 11.3 at. %
5 as the plasma output is changed from 0.01 kW to 0.10 kW. In the range of
the carboxylic acid concentration described above, any film inflation is not

caused.

Since it has been known that the surface of the polymer resin
10  substrate is roughened and the electromagnetic conversion characteristics
are impaired when the plasma output is more than 0.10 kW, the plasma

output of more than 0.10 kW is not employed.

Second embodiment

15 For examining the conditions, under which any film inflation is not
caused, the B,/ A ratio and the thickness of the adhesive layers according to
a second embodiment of the invention are fixed at 3 and 1 nm, respectively.
An ultraviolet lamp, the wavelengths thereof are 185 nm and 254 nm, is

used, and the irradiation time is changed from 0.5 min to 30 min. Table 2

20 lists the results.
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U& ()-, @#10% U& ()-! D, @#10%QUQU& () - h{v{x{{{;

|| a?~ @D Df #1098B& () - F&! 109B& () -

| f 3y9110% B' B& ()-3y9! 109&' ()-fs109B& ()-3F

y109B& ()-|}"}}B~S~~a?~ @D aY$: ! 109BB&' () - GY$: ! 1098 () - Gz#109X&' () - Z! ;
z#1096B5B&' () - ZF: 1 109B& ()- F, & 109B& () -~147:; <=ExnbC! D! 38&109B& ()- 10B
10B 10B =1098& () -, 21098&" () -1 Y+: | 109B& ()-)#109B& () - ECbcnj P1C! i " 10988 () -
i "109B& ()- i"109B& ()- i"109B& ()- i"109B& ()- i"109B& ()- i"109B& ()-

rsa1c " 0%3&'() i"1 0%3&'() i"1 0%3’&abbe-2|" 0%3&'() i " 10988 () -
Z"eFlC' | Q04 0%B8 _ BS 28 ! i 4,%&_9 -
i " 109B&' () SPPEMeRs j | 10bNdryadiat) B&ey hoxyls 0'% 1\ :
Z"i "109B& ()- noalchtmeengs dyme 10 %&d A e%@grﬁ lPﬂifeWE&' ()-
i "109B&' - heres min) ratios mTo
’ 1 Air 0.5 3 50 Non

2 Air 3 4.5 3 50 Non

3 Air 5 10.6 3 50 Non

4 Air 10 15.0 3 50 Non

5 Air 30 24.6 3 50 Non

6 Ne 3 16 3 50 Non

7 Oz 3 10.9 3 50 Non

The carboxylic acid concentration changes from 0.7 at. % to 24.6 at. %

5 as the ultraviolet ray irradiation time is changed from 0.5 min. to 30 min. In
the range of the carboxylic acid concentration described above, any film
inflation is not caused. Although any film inflation is not caused by the

ultraviolet ray irradiated for 30 min., the substrate surface is roughened.

10  Third embodiment
For examining the conditions, under which any film inflation is not
caused, the plasma irradiation output is fixed at 0.01 kW, the thickness of
the carbon adhesive layer is fixed at 1 nm, the B,/A ratio of the carbon
adhesive layer is changed from 3 to 9, and the sputtering gas pressure for
15  depositing the carbon adhesive layer is changed from 2 mTorr to 70 m Torr.

Table 3 lists the results.

20
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e/ 1CI 5V Z"i " 109B& ()- i"109B& ()- i"109B& ()- i"109B& ()- i"109B& ()-
"0d +. 2i J+Ci " 109B& ()- i"109B& ()- i"109B& ()- i"109B& ()- i"10%B& ()-

i "109B& ()- i"109B& ()- 235:=ACrS4+Ci "1098B& ()- i "1098B& ()- i"109B& () -
"109B& ()- i"109B& ()- 5WE Z" CFIKVRUr S4+G "109B& () - i "109B& () -
"109B& ()- 5V Z"i"109B& ()- i"10%B& ()- UY[~bceNd+Ci "109B& ()- 5V
Z"i"109B& ()- i"109B& ()- i"109B& ()- i"109B& ()-

ej nysvzeF+Gi " 109Bi " 109B& ()- i"109B& ()- i"109B& ()- i"109B& ()-

i "109B& ()- i"109B& ()- z{}rS4+C "10MLIEB- i " 109B& () -

Specimens Plasma irradiation | Carboxylic | Carbon adhesive layer Film

Output | Discharge acid B/ A | Gas pressures | inflation
kW) gas (at. %) ratios (mTorr)

1 0.01 Ar 0.1 3 2 Caused

2 0.01 Ar 0.1 3 5 Non

3 0.01 Ar 0.1 3 20 Non

4 0.01 Ar 0.1 3 50 Non

5 0.01 Ar 0.1 3 70 Non

6 0.01 Ar 0.1 6.5 50 Non

7 0.01 Ar 0.1 9 50 Non

As Table 3 indicates, any film inflation is not caused except for the
5 sputtering gas pressure of 2 mTorr for forming the carbon adhesive layer.
When the B,7A ratio is 3, it is preferable for the sputtering gas pressure to

be 5 mTorr or higher.

As the results of the first through third embodiments indicate, it is not

10 necessary to irradiate plasma at a high output and it is possible to shorten
the ultraviolet ray irradiation time. As the results described above indicate,

the carboxylic acid concentration in the surface of the polymer resin
substrate is preferably from 0.1 at. % to 30 at. %. Therefore, the surface
treatment conditions by plasma irradiation or by ultraviolet ray irradiation

15 conditions are set so that the resultant carboxylic acid concentration in the
surface of the polymer resin substrate may be within the above described

range.

Since the magnetic recording medium according to the invention

20 includes an adhesive layer on the polymer resin substrate, the surface
treatment by plasma irradiation or by ultraviolet ray irradiation is
conducted at a lower irradiation output or for a shorter irradiation time as
compared with the surface treatment of the polymer resin substrate, on

which any adhesive layer is not formed.
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i "109B& ()- i"109B& ()- i"109B& ()- 5W Z"WsR1+C f-#10%t& ()-Y
9f #1093Q" 3&' ()-Yi" 10%3&' ()- 5W& Z2"i"109B& ()- i"109B& ()- w |!]|Z9+C
Jf) z#109D#D& () - F! Jf) z#109D D & ()-F Ff #: I10%¢&' ()- 1z#109%t&' () -
10%t& ()-- F&L0%t& ()-!",vU5 "109R#&& ()- :10%8#8& ()-' 10#10#10#
<10%:& ()- 3MLO%t& ()-- Y. M 10%t& ()-F,::F\] bgGrUs "109% 10%&#&& () -
"109RH#&& ()- "10YB#&&' ()- "109R#&& ()- "109%B#&& ()- -"10%&#&&' () -
bedl rw NN vUS" 1098#&&' () - "10%8#&&' () - "10%8#8&' ()- "10%&#&&' () -
"1008#88' () - Pd¢h¢ugh mwadhe@mﬁwmv(een t'}ileOWt(e) and tRe@HEEH Yilm
"1098H#&& () - " 10YRHEK () " 10YRHES ( 10YRH&S "1098#&&' ()
" 1008488 @S strongeg.agdhe) /matlo'iid%&&tbe} rlasmay Lﬂaﬂm@a&&rqatment or

" 10 ﬁle uﬁwiavmlet ray irradiation treatment conducted on the polymer resin
substrate according to the invention facilitates setting the lower limit of the

5 B, A ratio at 3, which is smaller than the lower B,/ A ratio limit of 6 for the

carbon film on the substrate, the surface thereof is not treated. When a

carbon film and such an adhesive layer is interposed, it is necessary to dope

hydrogen to the carbon film according to the prior art so that the B,/ A ratio

may be 6. Since it is enough to set the B,/A ratio as low as 3 according to

10 the invention, it is not necessary to dope hydrogen which causes film

inflation to the adhesive layer.

Advantageous Effects of the Invention
According to the invention, a magnetic recording medium which does
15 not cause any film inflation under the sever environments, under which
household appliances are used, is obtained by improving the adhesion of the
polymer resin substrate by plasma irradiation or by ultraviolet ray
irradiation and by depositing a carbon adhesive layer, the B, A ratio
thereof is low, at a relatively low gas pressure.
20
Since the substrate surface is activated by the treatment which
improves the adhesion of the substrate by the manufacturing method
according to the invention, it becomes unnecessary to interpose an adhesive
layer exhibiting high adhesion. For example, a carbon film, the B,”A ratio
25  thereof is low (that is, containing no hydrogen), is employed for the adhesive
layer with no problem. The interposition of the adhesive layer facilitates
conducting the treatment for improving the adhesion of the surface of the
polymer resin substrate under mild conditions. Therefore, water hardly

aggregates on the boundary between the polymer resin substrate and the

22



[""109RH&E ()- "109RH&E ()- "109RH#&& ()- _)VUSWE ["" 109RH&E () -

T1098#8& () - "1098#&& ()- "10%8#&& ()- "10%8#&& ()- dDVUBW [ " 1098#&& () -
"1008#&& () - " 100E#&& () - " 10%&#&& ()- " 10%&#&& ()- " 10Y&H#&& () -

MV vUS" 109RH#&E () - "109RH&E ()- "109RH#&E ()- "109RH#&E ()- SWE

["" 1098#&& ()- | M vU5" 1008#&& ()- "10%8#&& ()- 5W& ["" 109&#&E () -
"100RH#&E () - " 10VRH#&& ()- ! #& + )vUBWE [ " 100R#&&' () - " 10%&#&& () -
"109@#&E () - "10YR#&E ()- "10VRH&E ()- +-0268; dDVUSWE ["" 10%&#&& () -
"1098#&&' (Qdhesiv@dary 61 -or' 1hedBERidary bateds8ahe)adhesive layer and the

magnetic layer. Moreover, a polymer resin substrate containing less
degradation products of the resin and less hydrocarbon components, which
cause film inflation, is obtained. As the results, a magnetic recording
5 medium, which hardly causes film inflation, is obtained according to the

invention.

10

15

20
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"1098#&&' () - ; ?@BEGLMM vUS" 1098#8&& () - "10%R#&& ()- "10%B#&E () -
"100@#&& ()- BV ["" 1098#&& ()- LNQUW N-vU5 s1004" & ()-" 10U8#8&& ()- 5V
[""100@#&& () " 10UB#&& ()- "10%#&& ()- 7TA[:vU5 s s$10M& ()- Y
10%& ()- ~109%& ()- 9! 10%*& ()- M 10%t& ()- @#10%:& ()- YgRmp|[:vU5 s
310%*& ()- 3, 10%& ()- 3+y#10%H& ()- 3)9! 10%H& ()- 3' 9! 10%H& () -
38 1 10%#& () - pstuv-wW's "10%#& ()- "10%#& ()- "10%#& () -
3910%#8& () - 310#10#10# =1094&' () - MWW " 10%-#& ()- 5W& V'" 10%#& () -
"10%-#8& ()ClaimB%-#& ()- "10%-#& ()- _?WW"109% 10%-#& ()- "10%#& ()-
"10%#& ()- "10%#& ()- "10%-#& () T10%#& ()- ) WBWE V" 10%#&' () -
"10%#& () "10%-#& ét) " 10d/ o-#&' "10%-#& . gl) - " &(*dDWBWe V' " 10%#& () -
" 10%-#8&' () magnetic recording m d1um comprising:
a nonmagnetic substrate made of a polymer resin, the nonmagnetic
substrate having been treated, whereby to improve the adhesion thereof;
5 a nonmagnetic undercoating layer above the nonmagnetic substrate;
a magnetic layer above the nonmagnetic undercoating layer;
a protection layer above the magnetic layer;
a liquid lubricant layer on the protection layer; and
an adhesive layer between the nonmagnetic substrate and the

10 nonmagnetic undercoating layer.

2.  The magnetic recording medium according to Claim 1, wherein the
adhesion of the nonmagnetic substrate is improved by plasma irradiation or

by ultraviolet ray irradiation.

3. The magnetic recording medium according to Claim 2, wherein the
15 carbonyl group concentration in the surface of the nonmagnetic substrate
measured by the X-ray photoelectron spectroscopic analysis is from 0.1 at. %
to 30 at. % after the plasma irradiation or after the ultraviolet ray

irradiation.

4. The magnetic recording medium according to Claim 2, wherein the
20 plasma irradiation uses argon, oxygen, or a mixture of argon and oxygen for

the plasma discharge gas.

5. The magnetic recording medium according to Claim 2, wherein the
ultraviolet ray irradiation is conducted under the existence of nitrogen,

oxygen, or a mixture of nitrogen and oxygen.

25 6. The magnetic recording medium according to Claim 1, wherein the

adhesive layer comprises carbon.
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@BDHI KPi M WWB" 10%-#8&' () - "10%#& ()- 5We V'"10%#& ()- "10%#& ()-
"10%#& ()- PSWA a ) WBWE V'"10%#& ()- "10%#& ()- "10%-#& () -
"10%#& ()- "10%-#& ()- achkoqt dDMWBWE V'" 10%-#& ()- "10%-#& () -
"10%#& ()- "10%#& ()- "10%#& ()- "10%#& ()- txy{mv wB" 10%#& () -
"10%#& ()- "10%#& ()- "10%-#& ()- SWE V'"10%#& ()- i M wWB" 10%#& () -
"10%-#& (- 5Whenagbesit&ecording o9edigy ecording to Claim 6, wherein the B/

A ratio of the adhesive layer comprising carbon measured by the Raman

spectroscopic analysis is 3 or more.

8. The magnetic recording medium according to Claim 7, wherein the
5 adhesive layer comprising carbon is formed by sputtering under the

sputtering gas pressure of 5 mTorr or higher.

9. The method of manufacturing a magnetic recording medium including
a nonmagnetic substrate made of a polymer resin; a nonmagnetic
undercoating layer above the nonmagnetic substrate; a magnetic layer
10 above the nonmagnetic undercoating layer; a protection layer above the
magnetic layer; and a liquid lubricant layer on the protection layer, the
method comprising the steps of:
treating the surface of the nonmagnetic substrate, whereby to improve
the adhesion thereof;
15 forming an adhesive layer on the nonmagnetic substrate, the adhesion
thereof having been improved;
forming the nonmagnetic undercoating layer on the adhesive layer;
forming the magnetic layer above the nonmagnetic undercoating layer;
forming the protection layer above the magnetic layer; and

20 forming the liquid lubricant layer on the protection layer.

10. The method according to Claim 9, wherein the adhesion of the
nonmagnetic substrate is improved by plasma irradiation or by ultraviolet

ray irradiation.

11. The method according to Claim 10, wherein the carbonyl group
25  concentration in the surface of the nonmagnetic substrate measured by the
X-ray photoelectron spectroscopic analysis is from 0.1 at. % to 30 at. % after

the plasma irradiation or after the ultraviolet ray irradiation.
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15 17. The magnetic storage comprising:
a magnetic recording medium mounted thereon;
the magnetic recording medium comprising: a nonmagnetic substrate
made of a polymer resin, the nonmagnetic substrate having been treated to
improve the adhesion thereof; a nonmagnetic undercoating layer above the
20 nonmagnetic substrate; a magnetic layer above the nonmagnetic
undercoating layer; a protection layer above the magnetic layer; a liquid
lubricant layer on the protection layer; and an adhesive layer between the

nonmagnetic substrate and the nonmagnetic undercoating layer.
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